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Abstract of the contribution: This paper proposes an update of Solution#2 for Key Issue #1, in order to clarify details related to PC5 DRX schedule association to V2X services, (de)activation of the PC5 DRX mode, and AS-layer adjustments of the PC5 DRX schedule.
1 Introduction
Solution#2 uses DRX patterns (i.e. DRX schedules associated to V2X services) but does not specify all the details of the relationship/association between DRX schedules, V2X services, and QoS parameters (PQI and range) of those services. Therefore, this update explains how the required or default QoS parameters of a V2X service may be taken into account for the mapping of DRX schedules to V2X services.
Further, Solution#2 does not address the issue of DRX mode (de)activation. Therefore, this update clarifies that this is up to UE local configuration and/or application-layer decisions, which are out of scope of the V2X layer.
Finally, solution#2 assumes that the AS layer has the "final word" for applying (or not) the DRX schedule of the DRX pattern that has been selected by the V2X layer, but this updates clarifies how the AS layer can also adjust the schedule, if needed.
2 Proposal
[bookmark: _Hlk513714389]It is proposed to update TR 23.776-020 as follows:
* * * * First Change * * * *
[bookmark: _Toc26173047][bookmark: _Toc26516367][bookmark: _Toc31037102][bookmark: _Toc31270500][bookmark: _Toc31270528][bookmark: _Toc31270556][bookmark: _Toc49965122][bookmark: _Toc50025207]6.2.1	Functional Description
This solution is for "Key Issue #1: Support of QoS aware NR PC5 power efficiency for pedestrian UEs".
In road safety as well as public safety use cases, Pedestrian UEs are often involved in PC5 groupcast or broadcast communication in connectionless manner. One pedestrian UE may need to listen to various PC5 Tx UEs in proximity without knowing about Tx UEs in advance. Thus, possible DRX operation for PC5 Rx UE needs to cope with various and random Tx UEs present in proximity. PC5 Tx UE, on the other hand, may not know or care about presence of any particular Rx UE in proximity. This makes PC5 DRX operation specific to each pair of PC5 Tx UE and Rx UE rather impractical, especially for PC5 groupcast and broadcast.
In connection-oriented PC5 unicast case, DRX operation specific to a pair of Tx UE and Rx UE over PC5 may be agreed beforehand between Rx UE and Tx UE. However, if the PC5 unicast Tx UE or Rx UE has other PC5 unicast/groupcast/broadcast communication services with the same or different peer UEs in addition to the PC5 unicast in question, uncoordinated PC5 DRX configuration for each PC5 unicast communication may lead to mis-aligned PC5 DRX patterns. This makes PC5 DRX overall less effective in terms of power saving.
To coordinate PC5 DRX configurations not only between the peered PC5 Tx UE and Rx UEs for one SL application/service but also among a number of PC5 UEs involved in multiple PC5 communications in proximity, this solution is based on having a common set of PC5 DRX patterns configured in PC5 UEs by the serving network for in-coverage operation or pre-configured for out-of-coverage operation. A PC5 DRX pattern includes information about the ON/OFF periods that shall be used in the (AS-layer) PC5 DRX schedule and each PC5 DRX pattern may be associated with one or more V2X services. Note that there may be PC5 DRX patterns that would rather fit combinations of services, therefore probably using longer ON periods than patterns associated with only one of these services. Thus, the (pre-)configured set of PC5 DRX patterns may be corresponding to supported combinations of different use cases, service profiles, status or classes of PC5 UEs. The (pre-)configured set of PC5 DRX patterns can be also in line with resource pool configurations, because the patterns can be known to the AS layer when the resource pools are configured (or the other way round), so that the V2X layer does not need to deal with or understand resource pool configurations. However, the resource pool configuration does not need to be performed in a way that guarantees dedicated radio resources for specific V2X services.
The contents of the PC5 DRX pattern set may take into account the V2X service QoS parameters, e.g. the default PC5 QoS parameters configured in the UE for this V2X service, as described in TS 23.287 [5] clause 5.4.2.5. The fact that the QoS for a certain V2X service may be different on different UEs can be compensated by the PC5 DRX schedule selection and application procedure that takes place on the UE (see clause 6.2.2).
 In this way, the extensive coordination between relevant PC5 UEs in proximity to determine and agree on the PC5 DRX patterns can be avoided. The relevant PC5 UEs only needs to select one or more PC5 DRX pattern(s) from the limited set of configured PC5 DRX patterns and adapt SL transmissions and receptions to the selected pattern(s) of their own and other PC5 UEs in proximity.
The PC5 DRX mode shall be activated only if a PC5 DRX pattern that fits the V2X services running on the UE is found. Further, the V2X layer may offer an API for the application layer to request the deactivation of the PC5 DRX mode. When and why a V2X application may request the deactivation of the PC5 DRX mode is up to the implementation of the V2X application and out of scope for the V2X layer.
NOTE:	The solution applies to the management of a single AS-layer DRX schedule on a UE, which is applied for all communication modes and all V2X services. In case a UE can have multiple different DRX schedules active at the same time (e.g., for broadcast and unicast), then the entire procedure is applicable separately and independently for each DRX schedule, i.e., there are different pattern sets for each schedule etc.
Editor's note:	The question of having a single or two separate DRX schedules for Uu and PC5 is still open also in RAN WG.
* * * * Next Change * * * *
[bookmark: _Toc49965123][bookmark: _Toc50025208]6.2.2	Procedures
Figure 6.2.2-1 illustrates an example operation of the solution for power efficient PC5 communication for Pedestrian UEs based on pre-defined PC5 DRX patterns.


Figure 6.2.2-1: PC5 DRX configuration procedure for QoS-aware and power-efficient communication of Pedestrian UEs
1a.	UEs are (pre-)configured with the PC5 DRX related parameters including a set of applicable PC5 DRX patterns from which UEs can select. The PC5 DRX configuration may be either provided by the PCF (or by the AF via NEF/PCF) using the procedure specified in TS 23.287 [5] clause 6.2, or pre-configured as specified in TS 23.287 [5] clause 5.1.1. 
1b.	If the UE is "served by NR" (as defined in TS 23.287 [5]), the PC5 DRX configuration may be alternatively provided by the NG-RAN, either broadcasted or with dedicated RRC signalling. In this option, the AS layer may indicate the relevant configured PC5 DRX parameters to the V2X layer or apply PC5 DRX configuration on the AS layer (see also the description of step 5).
Editor's note:	Whether and how the NG-RAN provides the PC5 DRX configuration to the UE is up to RAN WGs to decide.
2.	V2X applications provide their requirements to the V2X layer as defined in TS 23.287 [5] clause 5.4.1.1.
3.	The V2X layer of UE1 may selects at least one or more PC5 DRX patterns from the (pre-)configured PC5 DRX pattern set. If more than one PC5 DRX patterns are selected, this means that the V2X layer can accept the application of any of them. The selection takes into account i) the PC5 DRX pattern parameters provided in the pattern set, ii) the requirements of all active PC5 applications that the UE1 currently has, iii) the Uu DRX configurations received by the NG-RAN (if any), and iv) the selected PC5 DRX patterns that other relevant UEs have applied and indicated.
NOTE 1:	The triggering of the selection of the PC5 DRX pattern(s) at the V2X Layer, e.g. upon expiration of a timer, upon changes of the V2X application requirements or the DRX-related information about other UEs, or similar, is up to implementation.
4.	The V2X layer of UE1 requests applying (one of) the selected PC5 DRX pattern(s) to the AS layer for control of PC5 transmission and reception according to the selected PC5 DRX pattern.
5.	The AS layer of UE1 decides to apply or not the requested PC5 DRX pattern (or one of the requested PC5 DRX patterns), i.e., it configures the (AS-layer) PC5 DRX schedule based on the ON/OFF periods indicated in the PC5 DRX pattern. The AS layer of UE1 may decide to extend the ON durations of a selected (and applied) PC5 DRX schedule based on AS layer information (e.g., full buffers, misalignment with resource pools or AS-layer signalling, monitored QoS, etc) but it shall not reduce the ON duration or change its period.
[bookmark: _Hlk49324676]NOTE 2:	The selection and request of PC5 DRX patterns at the V2X layer is optional and the PC5 DRX schedule (and further related configuration) might be decided on the AS layer only, though ideally based on knowledge about V2X application requirements and traffic patterns. RAN WG will have a final confirmation on the criteria used in this case. In this case the AS layer may know the set of applicable PC5 DRX patterns (as well as all further inputs that it requires) and send indications about the applied PC5 DRX schedule to other UEs using mechanisms specified by the RAN WG.
6.	The AS layer informs the V2X layer about the success or failure of the application of the requested PC5 DRX pattern(s), indicating which pattern was selected applied if multiple were provided in the request.
7.	The V2X layer of UE1 indicates (using broadcast or groupcast communication over the PC5 interface) the applied PC5 DRX pattern to other relevant UE(s) (e.g. UE2) to allow UE2 to select its PC5 DRX pattern in a coordinated manner.
8.	The V2X applications of UE2 may retrieve from the V2X layer information about the PC5 DRX patterns applied by one or more related UEs and adjust their communication schedule.
9.	The V2X layer of UE2 may provide the V2X layer information about the PC5 DRX patterns applied by one or more related UEs to the AS layer and the AS layer adapts the PC5 transmission schedule accordingly.
* * * * End of Changes * * * *
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