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Foreword
[bookmark: spectype3]This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).
The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:
Version x.y.z
where:
x	the first digit:
1	presented to TSG for information;
2	presented to TSG for approval;
3	or greater indicates TSG approved document under change control.
y	the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.
z	the third digit is incremented when editorial only changes have been incorporated in the document.
In the present document, modal verbs have the following meanings:
shall		indicates a mandatory requirement to do something
shall not	indicates an interdiction (prohibition) to do something
The constructions "shall" and "shall not" are confined to the context of normative provisions, and do not appear in Technical Reports.
The constructions "must" and "must not" are not used as substitutes for "shall" and "shall not". Their use is avoided insofar as possible, and they are not used in a normative context except in a direct citation from an external, referenced, non-3GPP document, or so as to maintain continuity of style when extending or modifying the provisions of such a referenced document.
should		indicates a recommendation to do something
should not	indicates a recommendation not to do something
may		indicates permission to do something
need not	indicates permission not to do something
The construction "may not" is ambiguous and is not used in normative elements. The unambiguous constructions "might not" or "shall not" are used instead, depending upon the meaning intended.
can		indicates that something is possible
cannot		indicates that something is impossible
The constructions "can" and "cannot" are not substitutes for "may" and "need not".
will		indicates that something is certain or expected to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
will not		indicates that something is certain or expected not to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
might	indicates a likelihood that something will happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
might not	indicates a likelihood that something will not happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
In addition:
is	(or any other verb in the indicative mood) indicates a statement of fact
is not	(or any other negative verb in the indicative mood) indicates a statement of fact
The constructions "is" and "is not" do not indicate requirements.
[bookmark: introduction][bookmark: scope][bookmark: _Toc43116527]
1	Scope
Editor's Note: This clause will describe the work scope of this study item.The objective of this Technical Report is to investigate 5G System enhancements based on what has been specified in Rel-16, for enhanced support of V2X operation for pedestrian UEs (i.e. UEs for Vulnerable Road Users), e.g. V2X communication with power efficiency, according to vehicular services requirements defined in TS 22.185 [2] and TS 22.186 [3].
Editor's note: The definition of pedestrian UE needs to be added to clause 3.1.
[bookmark: references][bookmark: _Toc43116528]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	3GPP TS 22.185: "Service requirements for V2X services; Stage 1".
[3]	3GPP TS 22.186: "Enhancement of 3GPP support for V2X scenarios; Stage 1".
[4]	3GPP TS 23.501: "System architecture for the 5G System (5GS); Stage 2".
[5]	3GPP TS 23.287: "Architecture enhancements for 5G System (5GS) to support Vehicle-to-Everything (V2X) services".
[bookmark: definitions][bookmark: _Toc43116529]3	Definitions of terms and abbreviations
[bookmark: _Toc43116530]3.1	Terms
For the purposes of the present document, the terms given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].
Definition format (Normal)
<defined term>: <definition>.
example: text used to clarify abstract rules by applying them literally.
[bookmark: _Toc43116531]3.2	Abbreviations
For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].
Abbreviation format (EW)
<ABBREVIATION>	<Expansion>DRX	Discontinuous Reception
P-UE	Pedestrian UE
VRU	Vulnerable Road Users

[bookmark: clause4][bookmark: _Toc466352937][bookmark: _Toc496418252][bookmark: _Toc497790730][bookmark: _Toc497790751][bookmark: _Toc250980585][bookmark: _Toc326037252][bookmark: _Toc386545310][bookmark: _Toc435670429][bookmark: _Toc436124699][bookmark: _Toc484181138][bookmark: _Toc43116532]4	Architectural Assumptions and Requirements 
[bookmark: _Toc466352961][bookmark: _Toc472222528][bookmark: _Toc348346498][bookmark: _Toc435670430][bookmark: _Toc436124700][bookmark: _Toc484181139][bookmark: _Toc43116533]4.1	Architectural Assumptions
Editor's Note: This clause will define the underlying architectural assumptions for FS_eV2XARC_Ph2.
[bookmark: _Toc348346499][bookmark: _Toc435670431][bookmark: _Toc436124701][bookmark: _Toc484181140][bookmark: _Toc43116534]4.2 	Architectural Requirements 
Editor's Note: This clause will define the architectural requirements for FS_eV2XARC_Ph2.
[bookmark: _Toc435670432][bookmark: _Toc436124702][bookmark: _Toc484181141][bookmark: _Toc43116535]5	Key Issues
Editor's Note: This clause will describe the key issues for for FS_eV2XARC_Ph2. 
[bookmark: _Toc435670433][bookmark: _Toc436124703][bookmark: _Toc484181142][bookmark: _Toc43116536]5.1X	Key Issue #1X: <Key Issue Title>Support of QoS aware NR PC5 power efficiency for pedestrian UEs
[bookmark: _Toc435670434][bookmark: _Toc436124704][bookmark: _Toc484181143][bookmark: _Toc43116537]5.1X.1	General description
A pedestrian UE might have a lower battery capacity and limited radio capability, and therefore may have to work in a low power consumption mode, e.g. not being able to send/receive V2X messages with the same periodicity as a Vehicular UE. Continuous sending/receiving V2X messages by the pedestrian UE would affect UE power efficiency.
Discontinuous Reception (DRX) as defined in clause 5.4.5 of TS 23.501 [4] has been identified by RAN WGs as one of the mechanisms for power saving and to be supported in the 5GS for power efficient sidelink communications. Rel-17 RAN work item on NR Sidelink enhancement (NRSL_enh) includes the following objective to support power saving required for pedestrian UEs in V2X use cases and for UEs in public safety and commercial use cases:
-	Sidelink DRX for broadcast, groupcast, and unicast
Various service scenarios for V2X need to be investigated regarding whether DRX mechanism can be applied or is suitable for V2X services. For example, periodic broadcast of road safety messages by UEs that is one of the main V2X services should be considered, including broadcast of V2X message by vehicular UEs every 100 msec, broadcast of V2X message by pedestrian UEs every 1 second, etc. This is because the pedestrian UEs have to send the V2X message periodically and/or receive the V2X message periodically, and as such the broadcast periodicity affects DRX cycle.
NR PC5 DRX has an on- and off-durations, and pedestrian UEs with limited power capacities would only turn on its radio interface and perform PC5 transmission/reception during the on-duration.
When the pedestrian UE has multiple PC5 communication sessions, especially with different peer UEs or in different groups, the use of DRX mechanism may result in some traffic missing the on-duration and thus incur longer than usual delays. In other cases, when it is not well coordinated, some transmissions may not be properly received by the UEs, and thus reduce the reliability of the V2X applications. Additionally, different V2X services have different QoS requirements, e.g. in terms of latency, and traffic pattern. If not coordinated properly, there may be conflicts from these V2X applications, and would render the DRX mechanism not usable.
To support QoS aware NR PC5 power efficiency for pedestrian UEs, the following issues need to be studied:
-	Whether and how NR PC5 DRX and other mechanisms can be applied to V2X operation for pedestrian UEs in the 5GS, e.g. study any impact on V2X layer, 5GC by considering:
-	whether and how 5GC can authorize the usage of the DRX mechanism and provision the required information to enable the DRX for the pedestrian UE.
-	whether and how the pedestrian UE can make use of the DRX mechanism without degrading QoS of the PC5 communication.
-	whether and how to coordinate the requirements from different V2X services so that the QoS and power efficiency can be maintained.
Editor's note: This aspect has RAN dependency and needs coordination with RAN WGs.
Editor's note: Whether there is 5GC impact by other PC5 power efficiency solution than DRX is FFS.
[bookmark: _Toc435670435][bookmark: _Toc436124713][bookmark: _Toc484181144][bookmark: _Toc43116538]6	Solutions
Editor's Note:	This clause is intended to document the agreed solutions. Each solution should clearly describe which of the key issue(s) it covers and how.
[bookmark: _Toc23232155][bookmark: _Toc23238463][bookmark: _Toc23239069][bookmark: _Toc23244489][bookmark: _Toc26520137][bookmark: _Toc26530875][bookmark: _Toc26530925][bookmark: _Toc26530974][bookmark: _Toc28869878][bookmark: _Toc30008178][bookmark: _Toc31035879][bookmark: _Toc31037026][bookmark: _Toc31037100][bookmark: _Toc31270498][bookmark: _Toc31270526][bookmark: _Toc31270554][bookmark: _Toc43116539][bookmark: _Toc510607499]6.0	Mapping Solutions to Key Issues
Editor's Note:	This clause will include a Table for Mapping of Solutions to Key Issues.Table 6.0-1: Mapping of Solutions to Key Issues
	
	Key Issues

	Solutions
	1
QoS aware NR PC5 power efficiency

	1
	♥



[bookmark: _Toc435670436][bookmark: _Toc436124714][bookmark: _Toc484181145][bookmark: _Toc43116540][bookmark: _Toc375233714]6.1X	Solution #1X: <Solution Title>QoS aware power efficient PC5 communication for Pedestrian UEs
[bookmark: _Toc375233723][bookmark: _Toc435670437][bookmark: _Toc436124715][bookmark: _Toc484181146][bookmark: _Toc43116541]6.1X.1	Functional Description
Editor's Note:	General description, assumption, and principles of the solution.As explained in "Key Issue #1: Support of QoS aware NR PC5 power efficiency for pedestrian UEs" defined in clause 5.1, a Pedestrian UE may have multiple V2X services, which place different service level requirements on the QoS. Additionally, the Pedestrian UE may have multiple PC5 communication sessions, e.g. participate in different groupcasts, or have multiple unicast L2 links with other UEs. In order to make the DRX based PC5 communication effective, these different communication requirements need to be consolidated.
Additionally, the Pedestrian UE is most likely a mobile phone form of device and would have Uu connection as well. It is therefore necessary to coordinate its Uu DRX operation with the PC5 DRX operation. 
The V2X layer may consolidate all the service requirements from different V2X Applications and determines the necessary timeline for the PC5 communications to maximize the DRX off-duration.
Editor's Note: The input from V2X layer to AS layer depends on the RAN WG DRX design.
Optionally, if the Pedestrian UE also has active Uu connection (in RRC_CONNECTED state), the V2X layer may also trigger the Uu RRC signalling towards the NG-RAN to coordinate the Uu DRX if necessary, so that there will be no conflict of the PC5 operation and Uu operations.
In case new V2X Applications are initiated, the V2X layer may optionally notify the application of transmission schedule information based on the UE level DRX schedule so that the application can determine the traffic generation schedule to minimize the end to end latency of the application layer traffic, e.g. reducing the time packets need to be buffered when UE is in DRX off-duration.
[bookmark: _Toc348346506][bookmark: _Toc435670438][bookmark: _Toc436124716][bookmark: _Toc484181147][bookmark: _Toc43116542]6.1X.2	Procedures
Editor's Note: This clause describes the high-level operation, procedures and information flows for the solution.Figure 6.1.2-1 illustrates an example operation of the solution for QoS aware power efficient PC5 communication for Pedestrian UEs.


Figure 6.1.2-1: QoS aware power efficient PC5 communication procedure for Pedestrian UEs
1.	On UE-1, the V2X Application 1 provides the V2X Application Requirements, including delay requirements, etc., for the PC5 communication, as specified in TS 23.287 clause 5.4.1.1 [5]. For example, this Application 1 may be requesting a groupcast communication.
2.	Similarly, V2X Application 2 provides the V2X Application Requirements including delay requirements, etc., for the PC5 communication. In this example, the Application 2 may be requesting a unicast communication.
3.	UE-1's V2X layer consolidates requirements from Application 1 and Application 2, and generates a UE level DRX schedule, so that the UE-1 would be able to maximize the DRX off-duration.
4.	UE-1's V2X layer sets the AS layer DRX schedule corresponds to Application 1's groupcast communication that is aligned with Application 2's DRX schedule and provides it to AS layer. 
5.	UE-1's AS layer applies the DRX schedule for the corresponding groupcast communication.
6.	UE-1's V2X layer sets the AS layer DRX schedule corresponds to Application 2's unicast communication and provides it to AS layer.
Editor's Note: What are included in the SL DRX configuration generated in V2X layer when:
1)	it generates the SL DRX configuration, how does V2X layer understand the TX/RX resource pool adopted in the access stratum;
Note that a UE can only transmit or receive in a certain resource pool, while the V2X layer could configure the UE to be awake outside such resource pool, which makes it useless
2)	it generates the SL DRX configuration, how does V2X layer try to align the SL DRX with Uu DRX configured by gNB?
These aspects need to be considered and they are within the scope of RAN work, to align the SL DRX with Uu DRX. As such dependent on RAN work.
7.	UE-1 initiates PC5-S and/or PC5-RRC signalling towards UE-2 that is relevant for the Application 2's unicast communication, and then negotiates and confirms the DRX schedule. If there is no existing L2 link with the UE-2, this step also comprises the establishment of the L2 link.
Editor's Note: It is FFS if PC5-S or PC5-RRC signalling should be used for the DRX negotiation between UE-1 and UE-2 for the unicast DRX configuration.
8.	UE-1's V2X layer may expose transmission schedule information to Application 3, based on the UE level DRX schedule.
9.	If UE-1 has also active connection to NG-RAN over Uu (in RRC_CONNECTED state), the V2X layer determines if the PC5 DRX and Uu DRX need alignment. If necessary, V2X layer triggers RRC signalling towards NG-RAN.
10.	UE-1 sends RRC signalling over Uu interface towards NG-RAN to update the Uu DRX configuration so that there is no conflict of PC5 DRX and Uu DRX.
Editor's Note: The Uu RRC singling for this DRX alignment is up to RAN WG to decide.
[bookmark: _Toc348346507][bookmark: _Toc435670439][bookmark: _Toc436124717][bookmark: _Toc484181148][bookmark: _Toc43116543]6.1X.3	Impacts on services, entities and interfaces
Editor's Note: This clause lists impacts to services, entities and interfaces.The solution has the following impact to the existing entities:
-	Pedestrian UE:
-	the V2X Layer of the UE needs to be able to consolidate Application Layer QoS requirements and generate a DRX schedule for AS layer;
-	the V2X layer also needs to be able to expose the DRX schedule to the Application layer for traffic generation management; and
-	optionally, the UE can signal to the NG-RAN to align the Uu DRX and PC5 DRX.
Editor's Note: If this can be already supported by existing signalling depends on RAN WG design.
-	NG-RAN:
-	optionally, NG-RAN supports the signalling from UE to update the Uu DRX configurations.
Editor's Note: If this can be already supported by NG-RAN depends on RAN WG design.
[bookmark: startOfAnnexes][bookmark: _Toc310438366][bookmark: _Toc324232216][bookmark: _Toc326248735][bookmark: _Toc386545321][bookmark: _Toc435670442][bookmark: _Toc436124720][bookmark: _Toc487009930][bookmark: _Toc43116544]7	Conclusions
Editor's Note:	This clause will capture agreed conclusions from the study.
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