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Abstract

Cloud Forensics presents a multi-jurisdictional challenge that may undermines the success
of digital forensic investigations (DFIs). The growing volumes of domiciled and foreign
law enforcement (LE) requests, the latency and complexity of formal channels for cross-
border data access are challenging issues. In this paper, we first discuss major Cloud
Service Providers (CSPs) transparency reports and law enforcement guidelines, then
propose an abstract architecture for a Cloud Law Enforcement Requests Management
System (CLERMS). A proof of concept of the proposed solution is developed, deployed
and validated by two realistic scenarios, in addition to an economic estimation of its
associated costs. Based on available open source components, our solution is for the
benefit of both CSPs and Cloud Service Consumers (CSCs), and aims to enhance the
due Cloud Digital Forensic Readiness (CDFR).

Keywords: Cloud Forensics; Multi-jurisdictions; Cloud Digital Forensic Readiness; LE;
CLERMS

1. Introduction

Major cloud service providers (CSPs) are legally domiciled in the USA, but do have
subsidiaries around the world [41, 30]. CSPs consumers, data, and partners are by de
facto scattered around the globe. For example, a Spanish users’ data may be stored in a
USA datacenter and processed through an Irish facility. Therefore, data localization is
a challenging issue especially in case of incidents or cybercrimes.

Moreover, law enforcement (LE) access to digital evidence depends entirely on the
CSPs trustworthiness and the complexity of the associated legal procedures [91, 62]. In
fact, CSPs’ LE guidelines point out the need to foreign LE to address their requests
through formal channels such as the Mutual Legal Assistance Treaty (MLAT) [34]. The
assertion of a jurisdiction during an investigation —in some instances— is problematic.
In fact, even if the LE is domiciled in the same jurisdiction as the CSP, the potential dig-
ital evidence may be located overseas, and require cross-borders data access mechanisms
[89, 38, 67].

*corresponding author
Email addresses: abdellah.akilal@univ-ubs.fr (Abdellah Akilal), tahar.kechadi®@ucd.ie
(M-Tahar Kechadi)

Preprint submitted to Elsevier July 8, 2025


https://arxiv.org/abs/2507.04174v1

The multi-jurisdictions issue is one of most persistent Cloud Forensic (CF) challenges
[83, 87, 62, 48]. Nowadays, CSPs are being tired between domestic and foreign legislations
[38]. There is an abundant literature on the multi-jurisdictional issues [97, 59, 90, 18, 3].
However, the existent propositions focus mainly on the legal standpoint, because it is
primarily a legal challenge.

Nonetheless, we inhere, aim to propose a technical and organizational solution to
simplify the LE request handling process. Our main objectives are: (1) To facilitate the
communication between the requester (LE) and the responder, (2) Ensure transparency
in handling a LE request, (3) Enhance the due forensic readiness capabilities of the
responder.

The main contributions of this paper: (1) Analysis of CSPs transparency reports
and law enforcement guidelines, (2) Proposing an abstract architecture for a Cloud Law
Enforcement Request Management System, (3) Design, development and deployment of
an open source based prototype, (4) Validation of the prototype with two hypothetical
scenarios, (5) Economic cost assessment of a real world deployment.

The rest of this paper is structured as follows: In Section 2 we present some back-
ground on Cloud Forensics, Cloud Digital Forensic Readiness, Multi-jurisdictions, formal
channels for cross-borders digital evidence access, and LE requests management systems;
In Section 3, we state the main problem addressed in this paper; In Section 4, we clarify
the motives and scope of this study. Section 5 presents a detailed description of the
Cloud Law Enforcement Requests Management System. Section 6 provides a discussion
on the opportunities that may arise from the proposed solution and its limits. Finally,
we conclude this study with some perspectives and future work in Section 7.

2. Background

This section gives an overview of the following concepts: Cloud Forensics (CF), Cloud
Digital Forensic Readiness (CDFR), multi-jurisdictions, a description of formal channels
for cross-borders digital evidence access, CSPs transparency reports and LE guidelines,
and some existent law enforcement request management systems.

2.1. Cloud Forensics

Cloud Forensics (CF) is the application of digital forensics science to Cloud computing
[83, 82]. Several works have been done in this field. Researchers’ propositions fall in two
categories: (a) CF challenges and solutions classification, (b) contributions that focus on
a single challenge or a category of challenges.

There are numerous CF challenges classifications; [83] proposed a CF classification
based on three dimensions: Technical, Organizational and Legal; [76] made a survey on
the technical CF challenges; [87] suggested a new classification based on the DFI process
stages; [48] proposed the most enumerative classification (65 challenges and 9 primary
categories). And more recently, [62] presented a systematic survey on CF challenges,
proposed solutions, artifacts identification, forensic tools, and research gaps.

In regards to the second category, some research works focused on challenges, such
as logging, live forensics, and timeline reconstruction. For example, [104] presented a
forensic enabled architecture built on the top of the openstack platform [72]; [7] worked
on reliable timeline reconstruction; [51] presented a framework for Cloud digital evidence
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collection and analysis using a Security Information and Event Management (SEIM) tool;
And finally, [103] proposed a Secure-Logging-as-a-Service (SecLaaS) solution.

2.2. Cloud Digital Forensic Readiness

Digital forensic readiness (DFR) is the ability to maximize an environment’s potential
to use digital evidence, whilst minimizing the costs of an investigation. Introduced
by [93], it was then clearly stated as a ten step process by [81]. Seminal works in this
topic have been done by [27, 94, 45, 20]. Cloud Digital Forensic Readiness (CDFR) in
counterpart is the application of DFR in Cloud computing environments. A detailed and
concise definition was provided by [19]. Enhancing the CDFR was the subject of many
propositions; [95] exposed a proof of concept tool for a centralized Cloud logs; [55] added
event reconstruction to a CDFR model; [54] proposed a Cloud Forensic Readiness as a
Service (CFRaaS) model. Finally, one of the most significant advancements in DFR, and
CDFR was the introduction of the “Forensic-by-design” paradigm by [79, 78].

2.3. Multi-jurisdictions

Cloud computing elasticity induces data localization challenges. In fact, data may
be stored, processed, and mirrored across multiple jurisdictions. As for data, Cloud
services are also consumed by users across the globe. Multi-jurisdictions in its simplistic
form may be sketched as follow: How may a Spanish LE agent investigate a cybercrime
against Spanish victims committed by a USA cybercriminal resident in the UK, where
the potential evidence is stored in Ireland, and processed in Asia region data centers that
belong to a USA domiciled CSP?

Furthermore, the multi-jurisdictions challenge goes beyond the territoriality, or na-
tionality of customers and providers. In fact, from a legal perspective, a “Jurisdiction”
may take at least three forms as stated by (author?) 89, pg.3.

In the case of cross-borders investigations, international law experts specify two forms
of cooperation — “formal channels” and “informal channels”— between a foreign LE and
a CSP [97, 59]. Additionally, [97] formulated four possible courses of action for foreign
LE [97, pg.55]. Even so, major CSPs are still restricting foreign LE requests to the formal
channel through Mutual Legal Assistance Treaty (MLAT) or Rogatory letter.

2.4. Formal channels for cross-borders data access

There are three formal channels for cross-borders data access: (1) Mutual Legal
Assistance Treaties (MLATS) [34], (2) Rogatory letters, and (3) the Clarifying Lawful
Overseas Use of Data (CLOUD) act [22, 23]. While the two first mechanisms have been
there for decades, the last act was enacted in March 2018.

The MLAT channel is primarily used by LE, and the Rogatory letters are often
used by non-government litigants [see 34, pg.5, pg.17]. Even if, the MLAT process
is theoretically simple [see 60, pg.2], in practice it faces challenges ,such as procedure
complexity, processing latency, guideline issues, and requests processing capacity [21, 92,
53, 99].

As described in [60] (as shown in Figure. 1) , when a country A law enforcement
needs access to cross-borders data, the request is sent to its associated central processing
agency in step 1. Afterwards, the central processing agency sends the request to the
Office of International Affairs (OIA) at the US department of justice (2). The OIA
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reviews the foreign request in phase 3 and works with the U.S district Attorney’s office
(4). The request is then sent to a local magistrate judge for review (5). If the judge deems
the request receivable, a warrant is served to the company which holds the request data
(6). Complying to the warrant, the company provides the requested data to the OIA (7)
for post processing overview (8). Finally, the requested data is sent to the country’s A
central processing agency which forwards it to the law enforcement in the last step (10).
The whole process takes from six weeks to ten months.
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Figure 1: Example of a US MLAT process for Electronic Evidence. (adapted from [60]

Finally, the CLOUD act aims to address some of the ML AT's inefficiencies to speed up
the access to digital evidence [see 8, page 333]. It authorises bilateral agreement between
the US and a trusted foreign partner to obtain direct access to digital evidence, wherever
they are located. However, eligible foreign countries must meet some requirements such
as the protection of privacy and civil liberties during the data-collection activities. In
fact, the “trusted foreign partner” condition has some political ramifications. As for
now, only some countries such as the U.K have gained benefit from this mechanism.
Moreover, there are several research works discussing the impact of this new legislation
on the existent formal channels, privacy, and international laws [67, 18, 3].

2.5. Transparency reports and LE guidelines

A law enforcement request may vary from disclosure, preservation, removal, and tes-
timony. On counterpart, CSPs may approve, reject or even challenge a request [89, 33].
CSP’s response to received LE requests is mainly based on: (a) domestic jurisdiction
laws, (b) regulations, (c) internal policies [42, 1], (d) associated legal procedure, e.g.,
Subpoenas, Court orders, Search warrants, etc. [101], and (f) the request status (emer-
gency or not). In fact, emergency requests are handled promptly, and processed with the
due priority [6, 1].



Approved LE disclosure requests may lead to the communication of either “Non
Content Data” or “Content Data”, if available data is found for the request stated period
[42, 1, 6]. Statistics on disclosed users’ information are published in CSPs transparency
reports, which are often heterogeneous. In fact, only Microsoft [65] and Yahoo [101]
seem to use a similar format. Additionally, CSPs also publish guidelines for LE [101, 64,
42,1, 6]. Table. 1 provides a summary of transparency and law enforcement guidelines

attributes.

Transparency reports

Attribute Description

Volume Number (percentage) of received requests, Users’ impacted accounts, and delivered
responses (accepted, rejected). In case of accepted requests statistics on “content
data” vs “no content data” responses are also provided.

Requester Type of requester authority: Law Enforcement Agency (LEA), FISA

Legal procedure LE requests associated documents (subpoena, court order, search warrant, etc.).

Localization Requester geographical origins, either by country or a comparison between domes-
tic country vs. Foreign.

Status Specification on requests regime (emergency or not).

Objective Requested actions on target’s data (disclosure, removal, preservation and testi-
mony).

Historic Indications on past transparency reports.

Law Enforcement Guidelines

Legal requirements
Emergency exception

Request legal ground of acceptance.
Exceptions to the legal requirements for emergency requests.

Suited actions Type of receivable requests, and suited actions on data. In the case of a preserva-
tion request, the associated preservation delay.

Targeted user required identity (Id, Account, Email, etc.).

Target notification policy, when and how a CSP may (or not) notify a user about
an issued government request on its data.

Information required from a requester to show authenticity and authentication.
Permissible means for request submission (email, mail, fax or online).

Regime, and exception on cost reimbursement to due business disturbances and
request compliance induced fees.

Target
Target notification

Requester identity
Submission means
Costs reimbursement

Table 1: CSP’s Transparency reports and law enforcement guidelines attributes

2.6. LE requests management system

To the best of our knowledge, there is no previous work on law enforcement requests
management systems. Certainly, major CSPs do have their own solutions to manage and
process LE requests. However, LE pre-submission request is only permitted via Fax or
Email. As far as we know, only Facebook and Google [31, 43] propose an online requests
pre-submission portal for the exclusive usage of LE agents.

In the following section, we provide details on some of the law enforcement request
handling challenges.

2.7. Legal request processing Issues

As stated in Subsection. 2.3 multi-jurisdiction is a persistent challenge in Cloud
Forensics and more specially in cross-border data access. However, legal request pro-
cessing faces also other challenges that are amplified by legal consideration, such as the
following:

1. Volumes: There is for sure a significant growth in LE requests. For example,
the number of legal requests for users’ information disclosure submitted to Google
grew from 165,894 in 2019 to 217,424 in 2020. If this is the current state for
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CSPs, the situation may be worse considering the central entity—Office of Inter-
national Affairs— that evaluates foreign LE requests through —via Formal channel
(MLAT)—. Indeed, in the United State, the OIA state that:

Over the past decade the number of requests for assistance from foreign
authorities handled by the Criminal Division’s Office of International
Affairs (OTA) has increased nearly 60 percent, and the number of requests
for computer records has increased ten-fold. [21, see page 1].

The growing number of LE requests implies a need for automation for both the
responder and the central entity that evaluate the foreign request.

2. Delays: Latency in processing LE requests is observed in two cases: (1) At the
CSPs level, in fact a request is not processed until the reception of the associated
legal documents via mail, (2) in case of foreign request via formal channel where a
nine step process is enacted and which involve many instance other then the CSP
(see Subsection. 2.4). The MLAT process takes from six weeks to ten months on
average [60, see page 3].

3. Transparency: The lack of transparency is observed at least in two cases: (1)
Generally, CSPs do not provide any technical capabilities for LE to monitor the
process flow of their submitted requests —with the exception of those that pro-
pose an online portal—, additionally, CSPs do not provide response to testimony
requests, (2) Counsidering foreign request, formal channel procedure are so complex
and involve several parties that it is difficult to monitor the handling of the sub-
mit request. Furthermore, in case of requests leading to the collection of digital
evidence, the admissibility of those collected evidence stands only on the trustwor-
thiness of the CSPs, and may be challenged in a foreign court of law. Indeed, some
researcher have already pointed out this possibility:

It is important to recognize that data obtained from a cloud-based service
may be excluded from use in court proceedings on a number of grounds
[see 97, pg. 64].

4. Procedures: Law enforcement guidelines are mainly in English or translated into a
few languages. Assisting LE in the submission process is crucial. However, CSPs do
not provide detailed procedure for request submission, nor do they provide standard
forms. Assuming that LE agents are fully trained or do have the necessary training
to make such a request may lead to submission being rejected due to error or
misinformation. As for the foreign requests, procedures are more complex. Foreign
LE training on how to formulate request through formal channel is required as
stated by [24]:

Coordinate with OIA to develop a plan to improve its training and out-
reach efforts including considering the creation of an external site of
resources for foreign authorities.[24, see page 29|

A stated above, there is certainly a dependency between the legal and technical
aspects of LE requests processing. The complexity of legal procedures for cross-border
data access induce some technical challenges, such as latency, volume and transparency.
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On the other hand the lack of automation in both responder and central entity (OIA)
request processing induce an increase of the cases backlog and therefore latency in legal
reviews of the formulated request both domestic and foreign.

The need for a scalable technical solution for LE requests processing for both respon-
der and central entity —in case of a foreign request— is persistent. Indeed, even the OTA
have expressed the need for a reform in MLAT processing and the adoption of scalable
case management system (CMS) as expressed below in [24]:

Coordinate with CRM ITM to ensure OIA has access to CRM’s Oracle Apex
platform and support the automation of OIA’s team trackers and leadership
dashboards. [24, see page 29).

In the following section, we describe clearly the main problem that we aim to resolve
in this study.

3. Problem statement

Certainly digital evidence access in Cloud computing environments is very challenging
(see Subsections. 2.3 and 2.4). Technical issues are amplified by legal aspects. If the
handling of domestic LE requests seems straightforward, foreign requests in counterpart
are subject to more complex procedures. Among the aforementioned challenges, trust
and transparency seem to be the most difficult to resolve. Moreover, these two aspects
(transparency and trust) are also required to ensure the soundness of the conducted DFI
processes and the admissibility of the collected digital evidence.

After the analysis of transparency reports and LE guidelines (see Subsection. 2.5),
it appears that there is a need to either maintain the current state of LE request han-
dling —processes and associated technical capabilities— waiting for advancement in le-
gal frameworks establishment especially in case of foreign LE requests, or anticipate the
venue of these “legal frameworks” by designing and developing new technical capabilities
that may resolve some challenges and attenuate the complexity of other ones. In fact,
some major CSPs are already providing an online portal for LE request pre-submission
(see Subsection. 2.6).

If CSPs possess the resources needed to the design and the development of associated
LE requests processing technical capabilities, other organisations (eg., Small and Medium
Sized Enterprise) that are outsourcing part of their information system to a CSP may
not. And, in some circumstances those organisations may be asked to respond to legal
requests.

So, in abstraction of the nature of the responder (CSP or not), in the rest of this
paper we aim to answer the following question:

What are the required technical capabilities that a responder should possess in order
to handle transparently legal requests in accordance with specified quidelines, laws, and
requlations ?

4. Motives and Scope

To the best of our knowledge, there is no prior work addressing specifically cloud legal
request management system. Moreover, the only existing systems are proprietary (CSP
7



in-house made), which are exclusively used by the law enforcement agencies without any
public or published documentation.

Therefore, our main motivation in this research is to establish an affordable, scalable,
and open source based technical solution that may ease some of the LE request handling
challenges. More precisely, we are aiming towards the design and the development of
solutions that fit any organisation ranging from public CSPs to the smallest enterprise
which outsources its Information System (IS) from a CSP. The main objectives to achieve
are:

1. Facilitate the communication between the requester and the responder and a ensure
a transparent request handling,

2. Provide the responder with a minimal DFR baseline to guarantee a sound DFI
process and the admissibility of the collected digital evidence.

5. The Proposed solution

Upon statement of the main problem (see Section. 3), in this section, we propose a
technical solution for some of the LE requests handling challenges. Therefore, we will
address the following points:

1. Analysis of LE request handling workflow.
2. Proposition of abstract architecture.

Analysis of the system requirement.

- W

Design, development and deployment of a prototype.

o

Validation of the proposed system with two hypothetical scenarios.

6. Economic assessment of the associated deployment costs.

5.1. LE request processing flow

CSPs governance is based on: (1) business term of services, (2) applicable domestic
jurisdiction laws, and (3) compliance to regulations and standards.

That said, governance is also asserted through organizational policies and technical
capabilities. Therefore, the specification of the internal workflow, data flow, and external
partners’ communication channels are vital. In this context, existent incidents response
and digital forensic investigation policies may be enhanced with a new law enforcement
policy that specifies the communication with LEs. Furthermore, on the technical side, the
implementation of a law enforcement request management system will ease the CSP-LE
communication and ensure a transparent requests processing.

Based on available CSP LE guidelines [42, 1], a typical LE request processing workflow
(Figure. 2) comprises 3 major steps: submission, evaluation and response.

Even if there are some considerations in the processing of some LE requests (see.
Subsection. 2.5) (e.g., an emergency request is considered as an exception to the LE
guideline and handled promptly), the above cited stages are still present and the handling
particularities appear in some procedures and tasks.
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Figure 2: LE request processing workflow

In the following details on the LE request handling stages:

1. Submission: we observe that major CSPs accept only requests submitted via Fax
or Email. Even if there are some CSPs that offer an online portal for request
pre-submission, the effective request evaluation is only initiated at the reception of
the legal documents via the mail. However, in case of emergency or preservation
requests, some actions may be initiated (anticipated) in due respect to the adopted
law enforcement policy.

2. Evaluation: upon effective reception of the request’s legal documents, a team
composed of law assistance, IT manager, incident response members, and forensic
experts may gather to evaluate a possible response based on pre-established internal
law enforcement policy. In case of approved disclosure (or preservation) requests
an escalation to a full DFT is required. In such a case, collected digital evidence,
chain of custody documents and other DFI reports may be included within the
formal response to the requester.

3. Response: a formal answer is transmitted to the requester (via email or mail).
Approved requests may lead to: (1) the application of the requested actions (preser-
vation, disclosure, deletion) on the target’s data, (2) notification the target (in some
cases), establishment of an invoice for the costs reimbursement. Moreover, a re-
sponder may also reject a request or even challenge it (see Subsection. 2.5). Finally,
we observe that major CSPs do not respond to testimony requests and offer only
a certificate in exchange of expert testimony.

5.2. Architecture definition

With the established LE request processing workflow (Figure. 2), the information
gathered from CSPs transparency reports, LE guidelines analysis (Section. 2.5), and the
composition of the evaluation team, we may sketch an abstract architecture for a law
enforcement requests management system (see Figure. 3).

After the submission phase, if an escalation to a full DFI is required, the Digital
Forensic Investigation Capabilities (DFIC) are activated through the connection (A),
and a new case is opened in the Case Management Capability (CMC). Legal expertise
may also be solicited through the connection (B). Once the DFIC is activated, a sound
DFT process is engaged. First, the collection of potential digital evidence is made across
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Figure 3: An abstract architecture for a law enforcement requests management system. OLEMS: Online
Law Enforcement Management System. DFIC: Digital Forensic Investigation Capabilities. DEMC:
Digital Evidence Management Capabilities. CMC: Cases Management Capabilities.

the CSP’s infrastructure using the DFIC data core sub-capabilities, then evidence are ex-
tracted with the DFIC extraction process, and securely managed by the Digital Evidence
Management Capabilities (DEMC).

When the required digital evidence are available, they are included in the associated
case via the connection (2), and the findings transmitted to the OLEMS for reporting via
the connection (3). Legal advisor’s having a secure access to the CMC via the connection
(D) may establish their reports based on elements of the current case, and the knowledge
that they may have discovered from similar past cases. Once the technical, forensic,
and legal reports are available, the CSP formulates a response to the LE, either via the
OLEMS or any available legal means.

The following sections provide details on the different modules of the proposed archi-
tecture.

5.2.1. Online law enforcement management system (OLEMS)
This group of capabilities aims to improve the interactions between: (1) CSP and
LEs, (2) involved teams in a request processing, and it contains the following:

1. A secure pre-submission portal to accelerate in some instances the evaluation and
response delays. In fact, even if the authenticated documents are required, the
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emergency and preservation requests may benefit from proactive measures dictated
by the evaluation team:;

2. An issue tracking system for the internal staff and the LE to monitor the request
processing workflow;

3. Productivity tools (information exchange, virtual meeting, redactions tools, etc.)
to enhance the collaboration of the involved teams (internal/external).

5.2.2. Digital forensic investigation capabilities (DFIC)
This group contains the required capabilities that ensure a proper and sound DFI.
Inspired from [19] abstract reference architect, it includes the following:

1. Data collection: represents the inventory of the potential digital evidence sources
and the suited collection tools. Therefore, log data, available and recovered artifacts
are gathered among the several layers (physical and virtual) of a CSP’ infrastructure
from the hardware to the application levels.

2. Data core: regroups the locally and remotely accessible core primitives that are
required for evidence collection and analysis, monitoring, data format unification,
log preservation, etc.

3. Extraction process: contains the suited tools for data consolidation, filtering, re-
duction and transformation.

5.2.8. Digital evidences management capabilities (DEMC)

This group of capabilities aims to ensure evidence safeguard and admissibility, and
the maintenance of the chain of custody. As shown in Figure. 3, this group contains four
capabilities: storage, transport, chain of custody and destruction. As for the storage,
several formats of digital evidence exist. These include Raw, DEB and AFF4 [14, 77].
In addition, there are also some other attributes related to a storage capability, such as
storage area, infrastructure security, and scalability [16]. Concerning the transport, in
case of a cooperation among several forensic experts, a secure transport capability that
ensures the security of digital evidence and the maintenance of the chain of custody is
required. Indeed, the maintenance of the chain of custody is vital for the admissibility of
the collected evidence. In this scope contribution such as the one provided by [12] may
be considered. Finally, depending on the associated jurisdiction, the destruction of the
collected evidence may be considered.

5.2.4. Cases management capabilities (CMC)

Usually, when a request is processed, it generates a case that contains elements, such
as a digitized version of the request papers, evaluation reports, briefings notes, artifacts,
evidence, and evidence custody documents, etc. CMC capabilities aim to ensure the
storage and the preservation of the aforementioned elements. In the following section,
we provide details on the proposed system requirements.
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5.3. System requirements

This section aims to implement a Proof of Concept (PoC) of the proposed architecture
(Section. 5.2). Our methodology is project driven. However, to optimize the costs
of the implementation, we adopted the following guidelines: (1) candidate solutions
must be open source, or responder’s in-house made, (2) scalability, (3) portability and
interoperability. On the other hand, note that there some other non-functional system
requirements, such as (4) Cloud Digital Forensic Readiness (DFR) (i.e., ability to collect
admissible digital evidence while optimising the costs of an investigation), (5) ensure a
transparent LE request handling, and (6) Trust.

Even if the chosen modules are open source, there are still costs related to the Cloud
deployment. Nonetheless, in the following sections, we first assess the requirements for
each sub-module (Figure. 3) in Subsection. 5.4 and provide an economic assessment of
the proposed solutions costs in case of a real world enterprise deployment in Subsection.
5.7.

5.4. Prototype design & development

Starting from the OLEMS, a secure LE requests pre-submission portal is required.
The request processing may be tracked through a tickets system or any help desk solution.
Therefore, there is a need for Email and SMS notifications; Tickets assignment and
management; Dashboards and reporting features. There are many open source solutions
that fulfil the cited requirements, such as [73] and [102]. In this study, we opted for the
osTicket solution as sketched in Figure. 4.
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Figure 4: A Cloud Law Enforcement Request Management System (CLERMS) implementation using
open source components. The connection A, B, C, 1,2 and 3 represent the interactions between sub-
modules as specified in in the abstract architecture (Section. 5.2). Black colored box are capabilities
that are not implemented in the prototype.

At the reception of the request papers, they are scanned and stored for legal and
technical evaluation. So, there is a need for electronic documents management and
knowledge discovery solutions.

If a request is approved, an escalation to a full DFT is initiated. Therefore, the usage of
dedicated tools for live forensic, evidence and log data collection (acquisition), analysis
and examination are vital. These tools must support multiple types of artefacts, and
ensure secure evidence storage.

For the monitoring and log analysis, we opted for the Elasticsearch Logstash Kibana
stack [26]. Events, network packets and logs are collected via agents (Beats) deployed on
the customers plan and forwarded to the Elasticsearch cluster in real-time. The Kibana
dashboards help in monitoring, gaining insight, and hunting threats. For the incident
response and live forensic, we opted for the Google Rapid Response (Grr) solution [13,
66, 17].

Finally, for case management, we opted for the open source solution [58] that provides
support for (1) investigators and evidence management, (2) investigation and chain of
custody documents (request documents, evaluation reports, evidence analysis reports,
etc.) management, digital evidence storage. However, digital evidence storage and man-
agement may be feasible through a separated data store, such a MangoDB cluster as
suggested in [17].
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As for the evaluation module and the legal capabilities they are not considered in the
developed prototype as they may be ensured by offline (in-house made or open source)
solutions. Mainly consisting of an assistance and aid tool for reports editing (in case of
the evaluation module), and a knowledge database and electronic document discovery
for the legal capabilities, these elements may be separated from the connected system.

The following section provides details on the deployment of a proof of concept pro-
totype of the proposed solution on an IaaS infrastructure.

5.5. Cloud deployment

For the deployment of our prototype, we opted for a Cloud (IaaS) platform [40] as
shown in Figure. 4. The allocated resources for some modules, such as the Grr-server,
Elasticsearch, and Osticket, depend on the costumer plan (i.e, number of targeted nodes).
In fact, depending on the demand —growth or decrease in the number of client nodes—
the deployment of these modules may be scaled up or down.

Name ~ Zone Recommendation Internal IP External IP Connect
& arr-server europe-west1-b 10.132.0.2 (nic0) S5H
@ kirjurivm europe-northl-a 10.166.0.3 (nicd) S58H
Q linux-client-0 europe-west1-o 10.132.0.5 (nic0) 88H
& linux-client-1 europe-west1-b 10.132.0.4 (nic0) S5H
@ linux-client-2 surope-westl-b 10.132.0.3 (nicO) S58H
& log-monitor-vm surope-west2-c 10.154.0.2 (nic0) SS8H
Q osticketvm europe-westd-a 10.164.0.2 (nic0) 85H
@ windows<lient0 europe-westl1-b 10.132.0.6 (nic0) RDP -~

@ windows-client-1 10.132.0.7 (nic0) RDP =~

Figure 5: CLERMS deployment on an IaaS infrastructure.

In our case, the customer plan comprises 5 Virtual Machines (VMs) (3 were Linux
based, and two Microsoft Server 2010 instances). For larger deployment, the Grr docu-
ments [47] specify the type and requirements for the Grr-server deployment. So, in our
case a single VM instance was sufficient (see Figure. 5); The Grr-server administration
interface is shown in Figure. 6.
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Figure 6: Grr-server administration user interface.

Logging and monitoring are done via agents (LogStach agents, Beats) on the cus-
tomer’s VMs plan. The collected information is forwarded to the ELK cluster. In the
production mode —real world case usage— the ELK cluster deployment requires at least
three nodes. However, in our case a single node was sufficient. The Figure. 7 shows log
visualization through Kibana dashboards.
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Figure 7: Monitoring, logs ingestion, and threat hunting via Kibana dashboards.

The online request pre-submission is feasible through an osTicket instance (Fig 8),
which was deployed in a single VM instance. In the case of traffic increase, the scaling
up may be achieved through redundancy and load balancing.

The required information for request pre-submission based on LE guidelines (see
Section. 2.5) are: (a) agent contact information, (b) agent superior contact information,
(c) agency contact information, (d) scan of legal documents that support the request,
and (e) target information.

When a request is correctly submitted (see Figure. 8), a notification is sent to the
crisis manager. Consultation is then made with the legal assistance, and in some cases an
investigation is initiated. In case of escalation, tickets and tasks are forwarded to those
concerned by the investigation. At the conclusion of the investigation, elements related
to the case are forwarded to the case management solution.
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Figure 8: Online LE request pre-submission portal

At the reception of the request documents, a new case is opened in the Kirjuri solution
(see Figure. 9). The requester and target information, digital evidence, log, briefing,
forensic analysis and examination reports are securely stored.

Front page 2018

Kirjuri 0.9.2
Forensic examination requests 2018 <» Search requests and devices
Report.
8 Statistics 2018 No.s Cases no.s Ccrime & Suspects Investigator & Fexr.s Mob.exr.s Addeds
118 GoogleCC  9999/R001 Datavahingonteko RL alfonso diroya  igor rovenski sergen Apceliah - 08.11.2018 %

+ Add 2 request
Filter by status: No fitering ([0 (0 C2E9

2 Help and licenses
@ Showing a total of 1 devices n 1 requests (0 new, 1 open, 0 reacly)

Figure 9: Kirjuri open source case management User Interface.

The following section provides two hypothetical cases to validate our proposition.

5.6. Prototype Validation

This section provides two hypothetical usage scenarios for the CLERMS:(1) user
information disclosure request, (2) content removal request.

5.6.1. User information disclosure request

A LE agent “Mike Davies” is filling a user content information disclosure request
for the target surname “John smith”. The target is suspected of posting illicit content
on a discussion forum hosted at http://wwww.mydomain.com/fluzbb. At the request
approval, the crisis manager decide to escalate the event to a full DFI. Based on the
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target associated IP, the investigation team interrogate the customer plan (via the Grr-
servers) for more indications. Afterwards, the forensic expert may opt for:

1. Remote raw disk image acquisition, for further examining and analysis, or

2. Database files acquisition via the filefinder flow (see Grr-server administration
panel) on the path “/var/lib/mysql/fluzbd”.

Moreover, when the forensic expert gains the target “Jhon smith” associated registra-
tion IP; A comparison with the provided logs from the ELK stack may confirm whether
the illicit content was posted from the target IP address or not. Progressively the as-
sociated request case will then comprise elements, such as the digital forensic evidence,
logs analysis reports, briefing memos, tasks assignment, a clear investigation workflow
and a proper chain of custody documentation. Finally, a response to the request may be
provided via the ticket system or by any official means.

5.6.2. User content removal request

The same LE agent is now suspecting that one of the machines in the customer
plan is hosting a Command and Control program that is in contact with disseminated
malware agents. A removal request with a target machine IP address is then formulated.
Upon reception of the request, the crisis manager’s main objective is the disinfection
of the potential infected machines. A detailed process for such action may be found in
[13]. However, the forensic expert may also envision the following: (1) analysis of the
processes list flow search (see Figure. 6) for a potential Command and Control process,
(2) proceed to a forensic memory analysis of the suspected machines, and (3) analyze
the logs, SSH transactions, and bash command history, etc. The aforementioned actions
may then help to find the identity of the culprit.

The following section provides an economic assessment of the CLERMS deployment
costs.

5.7. Economic assessment

The economic optimality of our solution stands on two facts: (1) open source compo-
nents, therefore there are no related license fees, (2) Cloud based deployment for a pay
per usage model and scalability (up or down) on demand. Thus, the CLERMS solution
could fit any enterprise or CSPs. Moreover, in the case of compliance to a LE request, the
CSP (requested company) may formulate a concise, detailed and transparent costs reim-
bursement invoice based on the deployment costs (hourly /minutes), man power charges,
consulting and support fees, etc.

Concerning the deployment related charges, Table. 2 provides an assessment of the
CLERMS monthly costs for a customer plan that consists of 7000 (7K) nodes which is
about the size of the infrastructure of a large enterprise. The costs listed in Table. 2
are related to the functioning of the incident response and forensic plan (see Figure. 4),
to be accurate. Considered as the baseline configuration for both the Grrr and ELK
deployment in such a case (a customer plan with 7000 nodes), it may be scaled up
and down depending on the usage. Moreover, the responder may opt for additional
digital evidence storage capacity, such as a Mongodb cluster (more than three nodes
with additional storage disks) as specified in [16].
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Table 2: Economic assessment of CLERMS deployment solution for a customer plane of 7000 nodes.

Module Deployment Monthly
requirements costs ($)
Osticket 1 VM (nl-standard-1) 24,27
(1 vCPU, 3,75 GB Memory)
Kirjuri 1 VM (nl-standard-1) 24,27

(1 vCPU, 3,75 GB Memory)
ELK 3 VMs (nl-standard-2)

(2 vCPU, 7.5 GB Memory), 165,63
500 GB Boot disk,
3 persistent disks of 500 GB each [2]

Grr-servers  Recommended [47] 5 AWS cba.xlarge ($0.077 per hour)  1,940.4
, and one r3.4xlarge [5] ($1.328 per Hour) 6,693.12
Total 8.847,69

6. Opportunities & limits

The proposed solution aims to: (1) ensure a transparent LE request handling, and
(2) enable a responder with a due digital forensic readiness capability in order to guar-
antee the soundness of conducted digital forensic investigation and the admissibility of
the collected evidence. Based on open source components it permits : (a) a reduction of
inherent in-house or solution acquisition fees, and (b) an effortless integration process.
Designed to fit any sized responder (i.e., going for a public CSP to the smallest enter-
prise that is outsourcing parts of its own IS to a CSP) the proposed solution will aid a
responder to formulate a concise and precise estimation of LE request processing costs
reimbursement fees.

By ensuring the due digital forensic readiness the proposed solution empower a re-
sponder to conduct sound investigation both in case of a response to a legal request, and
an internal investigation in case of a security incident.

In regards to legal request processing, the proposed solution induces automation —
and scalability— that for sure will reduce: (1) the request’s volume and lower its growth
rate, (2) latency and expected response delays.

Distributed and scalable technical solutions are not only envisioned for a responder.
Indeed, it is also recommended for the central entity (OIA) that handles incoming foreign
requests via formal channels such as MLAT. Such technical improvement will for sure
reduce the case backlog and processing delays and therefore accelerate the handling of
foreign legal requests. In fact, in an effort to reform the MLAT processing the US
Department of Justices has already expressed the following recommendation:

Coordinate with CRM ITM to ensure OIA has access to CRM’s Oracle Apex
platform and support the automation of OIA’s team trackers and leadership
dashboards. [24, page 29].

Even if there are promising opportunities that may emerge from the adoption of the
proposed solution there are still some remaining challenges, such as multi-tenancy and
digital evidence collection in PaaS or SaaS service models.
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7. Conclusion and future works

In this paper, we proposed a Cloud Law Enforcement Requests Management System.
Interests in this proposition come from the growth of law enforcement request volume,
the latency, and the complexity of requests processing.

Our primary goal was to provide CSPs and organizations with an affordable solution
to comply with the received requests. Therefore, we first analysed CSP’s transparency
reports and law enforcement guidelines. Second, we sketched a request processing work
flow, enumerated the involved teams, and provided an abstract architecture. Afterwards,
we enumerated the system’s requirements, provided a proof of concept prototype based
on available open source components, and advanced to the deployment phase.

The optimality and validity of our proposition was shown through the response to
two hypothetical scenarios and an economic assessment of its related costs. As a future
work, we would like to investigate how to integrate automatic (or semi-automatic) request
evaluation via decision aid tools and legal expert systems.

Finally, we were concerned by the technical aspects of the proposition, it may be
interesting to investigate in details the associated organizational efforts such the law
enforcement policy.

References

[1] Facebook law enforcement guidelines. https://www.facebook.com/help/494561080557017/, 2020.
Accessed: 2025-02-01.

[2] Google cloud elasticsearch deployement. https://console.cloud.google.com/marketplace/
details/click-to-deploy-images/elasticsearch, 2020. Accessed: 2025-02-01.

[3] Halefom H Abraha. How compatible is the US ‘CLOUD act’ with cloud computing? a brief
analysis. International Data Privacy Law, 9(3):207-215, July 2019.

[4] Amazon. Amazon transparency reports. http://d0.awsstatic.com/certifications/
Transparency_Report.pdf, 2015. Accessed: 2025-02-01.

[5] Amazon. Amazon aws pricing, 2020. Accessed: 2025-02-01.

[6] Amazon. Amazon law enforcement guidelines. https://dl.awsstatic.com/certifications/
Amazon_LawEnforcement_Guidelines.pdf, 2021. Accessed: 2025-02-01.

[7] Roberto Battistoni, Roberto Di Pietro, and Flavio Lombardi. CURE—towards enforcing a reliable
timeline for cloud forensics: Model, architecture, and experiments. Computer Communications,
91-92:29-43, October 2016.

[8] Secil Bilgic. Something old, something new, and something moot: The privacy crisis under the
cloud act. Harv. JL & Tech., 32:321, 2018.

[9] Carrier, Brianand, and Eugene H. Spafford. Getting physical with the digital investigation process.
International Journal of digital evidence, 2.2:1-20, 2003.

[10] Anupam Chander and Uyén P Lé. Data nationalism. Emory LJ, 64:677, 2014.

[11] Lei Chen, Nhien-An Le-Khac, Sebastian Schlepphorst, and Lanchuan Xu. Cloud forensics. In Se-
curity, Privacy, and Digital Forensics in the Cloud, pages 201-216. John Wiley & Sons Singapore
Pte. Ltd, February 2019.

[12] Chit-Jie Chew, Wei-Bin Lee, Tzu-Li Sung, Ying-Chin Chen, Shiuh-Jeng Wang, and Jung-San Lee.
Lawful remote forensics mechanism with admissibility of evidence in stochastic and unpredictable
transnational crime. IEEE Transactions on Information Forensics and Security, 19:5956-5970,
2024.

[13] M.I. Cohen, D. Bilby, and G. Caronni. Distributed forensics and incident response in the enterprise.
Digital Investigation, 8:5S101-S110, August 2011.

[14] Michael Cohen and Bradley Schatz. Hash based disk imaging using AFF4. Digital Investigation,
7:5121-S128, August 2010.

[15] USA Congress. International communications privacy act. https://www.congress.gov/bill/
114th-congress/senate-bill/2986, 2017. Accessed: 2025-02-01.

19


https://www.facebook.com/help/494561080557017/
https://console.cloud.google.com/marketplace/details/click-to-deploy-images/elasticsearch
https://console.cloud.google.com/marketplace/details/click-to-deploy-images/elasticsearch
http://d0.awsstatic.com/certifications/Transparency_Report.pdf
http://d0.awsstatic.com/certifications/Transparency_Report.pdf
https://d1.awsstatic.com/certifications/Amazon_LawEnforcement_Guidelines.pdf
https://d1.awsstatic.com/certifications/Amazon_LawEnforcement_Guidelines.pdf
https://www.congress.gov/bill/114th-congress/senate-bill/2986
https://www.congress.gov/bill/114th-congress/senate-bill/2986

[16]
(17)
(18]

(19]

[20]
(21]
(22]
23]

24]

[25]

[26]
27)

(28]
29]
(30]
(31]
32]

33]

(34]

(35]

(36]
(37)

(38]

(39]

[40]
[41]

[42]

[43]

Flavio Cruz, Andreas Moser, and Michael Cohen. A scalable file based data store for forensic
analysis. Digital Investigation, 12:5S90-S101, March 2015.

Flavio Cruz, Andreas Moser, and Michael Cohen. A scalable file based data store for forensic
analysis. Digital Investigation, 12:5S90-S101, March 2015.

Jennifer Daskal. Microsoft ireland, the cloud act, and international lawmaking 2.0. Stan. L. Rev.
Online, 71:9, 2018.

Lucia De Marco, M-Tahar Kechadi, and Filomena Ferrucci. Cloud forensic readiness: Foundations.
In Lecture Notes of the Institute for Computer Sciences, Social Informatics and Telecommunica-
tions Engineering, pages 237—244. Springer International Publishing, 2014.

Ausra Dilijonaite. Digital forensic readiness. In Digital Forensics, pages 117-145. John Wiley &
Sons, Ltd, May 2017.

USA DOJ. U.s. department of justice fy 2015 budget. http://www.justice.gov/sites/default/
files/jmd/legacy/2014/07/13/mut-legal-assist.pdf, 2014. Accessed: 2025-02-01.

U.S.A DOJ. Clarifying lawful overseas use of data (cloud) act. https://www.justice.gov/dag/
page/file/1236281/download, 2018. Accessed: 2025-02-01.

U.S.A DOJ. Cloud act ressources. https://www.justice.gov/dag/cloudact, 2020. Accessed:
2025-02-01.

USA DOJ. Audit of the criminal division’s process for incoming mutual legal assistance requests
audit division. https://oig. justice.gov/sites/default/files/reports/21-097.pdf, 2021. Ac-
cessed: 2025-02-01.

Charles Doyle. National security letters in foreign intelligence investigations: A glimpse of the
legal background and recent amendments, 2006.

ELK. Elasticsearch. https://www.elastic.co, 2020. Accessed: 2025-02-01.

Barbara Endicott-Popovsky, Deborah A. Frincke, and Carol A. Taylor. A theoretical framework
for organizational network forensic readiness. Journal of Computers, 2(3):1-11, May 2007.
Europarl. European convention on cybercrimes. http://www.europarl.europa.eu, 2014. Accessed:
2025-02-01.

Facebook. Facebook transparency reports. https://govtrequests.facebook.com/, 2017. Ac-
cessed: 2025-02-01.

Facebook. Company information. https://about.fb.com/company-info/, 2020. Accessed: 2025-
02-01.

Facebook. Law enforcement online requests. https://www.facebook.com/records/login/, 2020.
Accessed: 2025-02-01.

Electronic Frontier Fondation. Timeline of nsa domestic spying 1791-2015 — electronic frontier
foundation, 2015.

Electronic Frontier Fondation. Warrant for microsoft email stored in dublin, ireland. https://
www.eff.org/fr/cases/re-warrant-microsoft-email-stored-dublin-ireland, 2015. Accessed:
2025-02-01.

T. Markus Funk. Mutual legal assistance treaties and letters rogatory: A guide for judges. Stanford
Public Law Working Paper, 2014.

Gartner. Gartner says worldwide public cloud services market to total $177 billion. https:
//www.gartner.com/doc/3027317/forecast-analysis-public-cloud-services, 2015. Accessed:
2025-02-01.

Google.  Gmail blocked in china. https://www.google.com/transparencyreport/traffic/
disruptions/127/, 2014. Accessed: 2025-02-01.

Google. Google revenue. https://investor.google.com/earnings.html, 2015. Accessed: 2025-
02-01.

Google. Digital security and due process: Modernizing cross-border surveillance law
for the cloud era. https://storage.googleapis.com/gweb-uniblog-publish-prod/documents/
CrossBorderLawEnforcementRequestsWhitePaper_2.pdf, 2017. Accessed: 2025-02-01.

Google. Google transparency reports. https://transparencyreport.google.com/, 2017. Ac-
cessed: 2025-02-01.

Google. Google cloud. https://cloud.google.com, 2020. Accessed: 2025-02-01.

Google. Google data centre locations. https://www.google.com/about/datacenters/inside/
locations/, 2020. Accessed: 2025-02-01.

Google.  Google legal process. https://support.google.com/transparencyreport/answer/
97139617hl=en, 2020. Accessed: 2025-02-01.

Google. Law enforcement request system. https://lers.google.com/signup_v2/landing?hl=en,
2020. Accessed: 2025-02-01.

20


http://www.justice.gov/sites/default/files/jmd/legacy/2014/07/13/mut-legal-assist.pdf
http://www.justice.gov/sites/default/files/jmd/legacy/2014/07/13/mut-legal-assist.pdf
https://www.justice.gov/dag/page/file/1236281/download
https://www.justice.gov/dag/page/file/1236281/download
https://www.justice.gov/dag/cloudact
https://oig.justice.gov/sites/default/files/reports/21-097.pdf
https://www.elastic.co
http://www.europarl.europa.eu
https://govtrequests.facebook.com/
https://about.fb.com/company-info/
https://www.facebook.com/records/login/
https://www.eff.org/fr/cases/re-warrant-microsoft-email-stored-dublin-ireland
https://www.eff.org/fr/cases/re-warrant-microsoft-email-stored-dublin-ireland
https://www.gartner.com/doc/3027317/forecast-analysis-public-cloud-services
https://www.gartner.com/doc/3027317/forecast-analysis-public-cloud-services
https://www.google.com/transparencyreport/traffic/disruptions/127/
https://www.google.com/transparencyreport/traffic/disruptions/127/
https://investor.google.com/earnings.html
https://storage.googleapis.com/gweb-uniblog-publish-prod/documents/CrossBorderLawEnforcementRequestsWhitePaper_2.pdf
https://storage.googleapis.com/gweb-uniblog-publish-prod/documents/CrossBorderLawEnforcementRequestsWhitePaper_2.pdf
https://transparencyreport.google.com/
https://cloud.google.com
https://www.google.com/about/datacenters/inside/locations/
https://www.google.com/about/datacenters/inside/locations/
https://support.google.com/transparencyreport/answer/9713961?hl=en
https://support.google.com/transparencyreport/answer/9713961?hl=en
https://lers.google.com/signup_v2/landing?hl=en

[44]

[45]

[46]
(47)

(48]

[49]

(50]

51]

[52]
(53]
[54]
[55]
[56]
[57)

[58]
[59]

[60]
(61]

(62]

(63]
(64]
(65]
(6]
[67)
(68]

(69]

George Grispos, William Bradley Glisson, and Kim-Kwang Raymond Choo. Medical cyber-
physical systems development: a forensics-driven approach. In Proceedings of the Second
IEEE/ACM International Conference on Connected Health: Applications, Systems and Engi-
neering Technologies, pages 108-114. IEEE Press, 2017.

C P Grobler and C P Louwrens. Digital forensic readiness as a component of information security
best practice. In New Approaches for Security, Privacy and Trust in Complex Environments,
pages 13—-24. Springer US, 2007.

NIST Cloud Computing Forensic Science Working Group et al. Nist cloud computing forensic
science challenges, 2014. Accessed: 2025-02-01.

Google Grr. Google grr faq. https://grr-doc.readthedocs.io/en/latest/faq.html, 2020. Ac-
cessed: 2025-02-01.

Martin Herman, Michaela Iorga, Ahsen Michael Salim, Robert H Jackson, Mark R Hurst, Ross
Leo, Richard Lee, Nancy M Landreville, Anand Kumar Mishra, Yien Wang, and Rodrigo Sardi-
nas. NIST cloud computing forensic science challenges. Technical report, National Institute of
Standards and Technology, August 2020.

W Kuan Hon, Christopher Millard, Jatinder Singh, Ian Walden, and Jon Crowcroft. Policy, legal
and regulatory implications of a europe-only cloud. International Journal of Law and Information
Technology, 24(3):251-278, 2016.

Christopher Hooper, Ben Martini, and Kim-Kwang Raymond Choo. Cloud computing and its im-
plications for cybercrime investigations in australia. Computer Law € Security Review, 29(2):152—
163, 2013.

Muhammad Irfan, Haider Abbas, Yunchuan Sun, Anam Sajid, and Maruf Pasha. A framework for
cloud forensics evidence collection and analysis using security information and event management.
Security and Communication Networks, 9(16):3790-3807, July 2016.

Kristina Irion. Government cloud computing and national data sovereignty. Policy & Internet,
4(3-4):40-71, 2012,

Joshua I. James and Pavel Gladyshev. A survey of mutual legal assistance involving digital
evidence. Digital Investigation, 18:23-32, September 2016.

Victor R. Kebande and H. S. Venter. Novel digital forensic readiness technique in the cloud
environment. Australian Journal of Forensic Sciences, 50(5):552-591, January 2017.

Victor R. Kebande and H.S. Venter. Adding event reconstruction to a cloud forensic readiness
model. In 2015 Information Security for South Africa (ISSA), pages 1-9. IEEE, August 2015.
Gail Kent. Sharing investigation specific data with law enforcement - an international approach.
Stanford Public Law Working Paper, 2014.

Karen Kent, Suzanne Chevalier, Tim Grance, and Hung Dang. Guide to integrating forensic
techniques into incident response. NIST Special Publication, 10:800-86, 2006.

Kirjuri. Kirjuri. https://github.com/AnttiKurittu/kirjuri, 2020. Accessed: 2025-02-01.
Bert-Jaap Koops and Morag Goodwin. Cyberspace, the cloud, and cross-border criminal investi-
gation. the limits and possibilities of international law. SSRN Electronic Journal, 2014.

Tiffany Lin and Mailyn Fidler. Cross-border data access reform: A primer on the proposed us-uk
agreement. Berkman Klein Center Research Publication, (2017-7), 2017.

Edward C Liu. Reauthorization of the fisa amendments act. Congressional Research Service,
Library of Congress, 2012.

Bharat Manral, Gaurav Somani, Kim-Kwang Raymond Choo, Mauro Conti, and Manoj Singh
Gaur. A systematic survey on cloud forensics challenges, solutions, and future directions. ACM
Computing Surveys (CSUR), 52(6):1-38, January 2020.

Peter Mell and Timothy Grance. The nist definition of cloud computing. Nist sp800-145, National
Institute of Standards and Technology, Septembre 2011.

Microsoft. Data law. https://blogs.microsoft.com/datalaw/our-practices/, 2020. Accessed:
2025-02-01.

Microsoft. Microsoft transparency reports. https://www.microsoft.com/en-us/about/
corporate-responsibility/lerr, 2020. Accessed: 2025-02-01.

Andreas Moser and Michael I. Cohen. Hunting in the enterprise: Forensic triage and incident
response. Digital Investigation, 10(2):89-98, September 2013.

Stephen P Mulligan. Cross-Border Data Sharing Under the CLOUD Act. Congressional Research
Service, 2018.

USA Department of justice. Justice information sharing. https://it.ojp.gov/PrivacyLiberty/
authorities/statutes/1285, 2017. Accessed: 2025-02-01.

USA Department of State. Treaties and agreements - us department of state. https://wuw.state.

21


https://grr-doc.readthedocs.io/en/latest/faq.html
https://github.com/AnttiKurittu/kirjuri
https://blogs.microsoft.com/datalaw/our-practices/
https://www.microsoft.com/en-us/about/corporate-responsibility/lerr
https://www.microsoft.com/en-us/about/corporate-responsibility/lerr
https://it.ojp.gov/PrivacyLiberty/authorities/statutes/1285
https://it.ojp.gov/PrivacyLiberty/authorities/statutes/1285
https://www.state.gov/documents/organization/273494.pdf
https://www.state.gov/documents/organization/273494.pdf

[70]

[71]
[72]

[73]
[74]

[75]

[76]
[77]

78]

[79]

(80]
(81]

(82]

(83]

(84]

(85)

(86]

(87]

(88]

(89]

[90]

[91]

[92]
(93]

gov/documents/organization/273494.pdf, 2017. Accessed: 2025-02-01.

Michedl O’Floinn. It wasn’t all white light before prism: Law enforcement practices in gathering
data abroad, and proposals for further transnational access at the council of europe. Computer
Law & Security Review, 29(5):610-615, 2013.

OIA. Office of international affairs. https://www.justice.gov/criminal-oia, 2017. Accessed:
2025-02-01.

Openstack. open source cloud computing infrastructure. https://www.openstack.org, 2020. Ac-
cessed: 2025-02-01.

Osticket. Support ticketing system. https://www.osticket.com, 2020. Accessed: 2025-02-01.
Gary Palmer et al. A road map for digital forensic research. In First Digital Forensic Research
Workshop, Utica, New York, pages 27-30, 2001.

Sungmi Park, Nikolay Akatyev, Yunsik Jang, Jisoo Hwang, Donghyun Kim, Woonseon Yu, Hyun-
woo Shin, Changhee Han, and Jonghyun Kim. A comparative study on data protection legislations
and government standards to implement digital forensic readiness as mandatory requirement. Dig-
ital Investigation, 24:593-S100, 2018.

Ameer Pichan, Mihai Lazarescu, and Sie Teng Soh. Cloud forensics: Technical challenges, solutions
and comparative analysis. Digital Investigation, 13:38-57, June 2015.

Yudi Prayudi and Azhari SN. Digital chain of custody: State of the art. International Journal of
Computer Applications, 114(5):1-9, March 2015.

Nurul Hidayah Ab Rahman, Niken Dwi Wahyu Cahyani, and Kim-Kwang Raymond Choo. Cloud
incident handling and forensic-by-design: cloud storage as a case study. Concurrency and Com-
putation: Practice and Experience, 29(14):€3868, May 2016.

Nurul Hidayah Ab Rahman, William Bradley Glisson, Yanjiang Yang, and Kim-Kwang Raymond
Choo. Forensic-by-design framework for cyber-physical cloud systems. IEEE Cloud Computing,
3(1):50-59, January 2016.

Reuters. Google to shut down news site in spain over copyright fees. http://www.reuters.com/
article/us-google-spain-news-idUSKBNOJPOQM20141211, 2014. Accessed: 2025-02-01.

Robert Rowlingson. A ten step process for forensic readiness. International Journal of Digital
Evidence, 2(3):1-28, 2004.

Keyun Ruan, Joe Carthy, Tahar Kechadi, and Ibrahim Baggili. Cloud forensics definitions and
critical criteria for cloud forensic capability: An overview of survey results. Digital Investigation,
10(1):34-43, June 2013.

Keyun Ruan, Joe Carthy, Tahar Kechadi, and Mark Crosbie. Cloud forensics. In Advances in
Digital Forensics VII, pages 35—46. Springer Berlin Heidelberg, 2011.

Richard Salgado. Updating our transparency report and elec-
tronic privacy laws. https://www.blog.google/topics/public-policy/
updating-our-transparency-report-and-electronic-privacy-laws/, 2017. Accessed: 2025-02-
01.

Ned Schultheis. Warrants in the clouds: How extraterritorial application of the stored communi-
cations act threatens the united states’ cloud storage industry. Brook. J. Corp. Fin. & Com. L.,
9:661, 2014.

Stavros Simou, Christos Kalloniatis, and Stefanos Gritzalis. Modelling cloud forensic-enabled
services. In Trust, Privacy and Security in Digital Business, pages 147—163. Springer International
Publishing, 2017.

Stavros Simou, Christos Kalloniatis, Stefanos Gritzalis, and Haralambos Mouratidis. A survey on
cloud forensics challenges and solutions. Security and Communication Networks, 9(18):6285-6314,
November 2016.

Stavros Simou, Christos Kalloniatis, Haralambos Mouratidis, and Stefanos Gritzalis. A meta-
model for assisting a cloud forensics process. In Lecture Notes in Computer Science, pages 177—-187.
Springer International Publishing, 2016.

Dan Svantesson and Felicity Gerry. Access to extraterritorial evidence: The microsoft cloud case
and beyond. Computer Law & Security Review, 31(4):478-489, 2015.

Dan Jerker B Svantesson and Lodewijk van Zwieten. Law enforcement access to evidence via
direct contact with cloud providers—identifying the contours of a solution. Computer Law &
Security Review, 32(5):671-682, 2016.

T-CY. Criminal justice access to data in the cloud: challenges. https://rm.coe.int/1680304b59,
2020. Accessed: 2025-02-01.

T-CY. T-cy assessment report. https://rm.coe.int/16802e726c, 2020. Accessed: 2025-02-01.
John Tan. Forensic readiness. Cambridge, MA:@ Stake, pages 1-23, 2001.

22


https://www.state.gov/documents/organization/273494.pdf
https://www.state.gov/documents/organization/273494.pdf
https://www.justice.gov/criminal-oia
https://www.openstack.org
https://www.osticket.com
http://www.reuters.com/article/us-google-spain-news-idUSKBN0JP0QM20141211
http://www.reuters.com/article/us-google-spain-news-idUSKBN0JP0QM20141211
https://www.blog.google/topics/public-policy/updating-our-transparency-report-and-electronic-privacy-laws/
https://www.blog.google/topics/public-policy/updating-our-transparency-report-and-electronic-privacy-laws/
https://rm.coe.int/1680304b59
https://rm.coe.int/16802e726c

[94]
[95]

[96]

[97]
(98]
[99]
[100]
[101]
[102]

[103]

[104]

Carol Taylor, Barbara Endicott-Popovsky, and Deborah A. Frincke. Specifying digital forensics:
A forensics policy approach. Digital Investigation, 4:101-104, September 2007.

Philip M Trenwith and H.S. Venter. Digital forensic readiness in the cloud. In 2013 Information
Security for South Africa, pages 1-5. IEEE, August 2013.

UNCITAL. United nations commission on international trade law. http://www.uncitral.org/
uncitral/en/commission/working_groups/6Security_Interests.html, 2014. Accessed: 2025-02-
01.

Tan Walden. Accessing data in the cloud: The long arm of the law enforcement agent. In Computer
Commumnications and Networks, pages 45—71. Springer London, June 2012.

Andrew K Woods. Data beyond borders: Mutual legal assistance in the internet age. Global
Network Initiative, 2015.

Andrew Keane Woods. Mutual legal assistance in the digital age. In The Cambridge Handbook of
Surveillance Law, pages 659-676. Cambridge University Press, 2017.

Songyang Wu and Yong Zhang. Secure logging monitor service for cloud forensics. In Communi-
cation Technology (ICCT), 2015 IEEE 16th International Conference on, pages 757-762. IEEE,
2015.

Yahoo. Yahoo law enforcement guidelines. https://wuw.verizonmedia.com/transparency/about/
fag-glossary.html, 2020. Accessed: 2025-02-01.

Zammad. Zammad community. https://wuw.zammad.org, 2020. Accessed: 2025-02-01.

Shams Zawoad, Amit Kumar Dutta, and Ragib Hasan. Towards building forensics enabled cloud
through secure logging-as-a-service. IEEE Transactions on Dependable and Secure Computing,
13(2):148-162, March 2016.

Shams Zawoad and Ragib Hasan. Trustworthy digital forensics in the cloud. Computer, 49(3):78—
81, March 2016.

23


http://www.uncitral.org/uncitral/en/commission/working_groups/6Security_Interests.html
http://www.uncitral.org/uncitral/en/commission/working_groups/6Security_Interests.html
https://www.verizonmedia.com/transparency/about/faq-glossary.html
https://www.verizonmedia.com/transparency/about/faq-glossary.html
https://www.zammad.org

	Introduction
	Background
	Cloud Forensics
	Cloud Digital Forensic Readiness
	Multi-jurisdictions
	Formal channels for cross-borders data access
	Transparency reports and LE guidelines
	LE requests management system
	Legal request processing Issues

	Problem statement
	Motives and Scope
	The Proposed solution
	LE request processing flow
	Architecture definition
	Online law enforcement management system (OLEMS)
	Digital forensic investigation capabilities (DFIC)
	Digital evidences management capabilities (DEMC)
	Cases management capabilities (CMC)

	System requirements
	Prototype design & development
	Cloud deployment
	Prototype Validation
	User information disclosure request
	User content removal request

	Economic assessment

	Opportunities & limits
	Conclusion and future works

