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Introduction
TR 23.776 [1] has concluded the level of provisioned PC5 DRX schedules, as follows: 
	7 Conclusions
Provisioned default PC5 DRX schedules (or cycles, as they are termed by some solutions) can be associated with the PC5 RAT type (i.e., one default cycle for all NR PC5 communications, as suggested by Solution#6) or they can be more fine-granular, e.g., associated with either V2X service types (as suggested by Solution#2) or PQIs (as suggested by Solution#5). If V2X services apply their own, independent, and uncoordinated PC5 DRX cycles, this could indeed lead to increased ON durations of the UEs that run many services.
NOTE:	SA WG2 does not plan to continue with any further evaluation of the solutions.


Since SA2 has already made the default PC5 DRX related conclusion but without any plan for further evaluation, RAN2, we believe, should take over the remaining issues for further discussion.
In this contribution, we discuss the necessity of the default PC5 DRX in different service scenarios (i.e., broadcast, groupcast, and unicast), and express our views on PC5 DRX operations in consideration of the default PC5 DRX and the specific PC5 DRX.
[bookmark: _GoBack]Discussion
DRX mechanism can be operated with both default PC5 DRX and specific PC5 DRX, as suggested by Solution#6 [1].
	DRX mechanism is to put the UE in Idle mode properly for power saving. If each of V2X service has its own DRX cycle, it may lead the UE to be awake on most occasions, which is not desirable in terms of power saving. Therefore, this solution proposes to define one PC5 DRX cycle per NR PC5 RAT (not per V2X service type). NG-RAN takes PC5 QoS parameters (which are provided from the AMF during registration procedure as described in clause 6.5.2 of TS 23.287) into account when the NG-RAN determines and configures the UE with the UE specific PC5 DRX cycle for NR PC5 RAT.
In addition to the information specified in clause 5.1.2.1 of TS 23.287, the following sets of information for V2X communications over PC5 reference point is provisioned to the UE:
· Default PC5 DRX cycle for NR PC5 RAT. The UE uses the default DRX cycle when the UE is "not served by E-UTRA" and "not served by NR".
The UE uses default PC5 DRX cycle for NR PC5 RAT when the UE is "not served by E-UTRA" and "not served by NR".



Accordingly, RAN2 should take over the remaining issues, and clarify the necessity of defining both default PC5 DRX and specific PC5 DRX, in conjunction with the RAN2 agreements.
Regarding the PC5 DRX configuration, RAN2 has made the relevant agreements as follows:
	The SL DRX configuration for SL unicast
· For SL unicast (after SL unicast link is established), SL DRX configuration can be configured per a pair of source/destination. FFS whether SL DRX operates per direction or for both directions.
· For SL unicast, TX-UE centric DRX configuration based on the assistance information from RX-UE is agreed as baseline.
The SL DRX configuration for SL groupcast and broadcast
· For GC/BC, DRX cycle should take at least QoS requirement into consideration.
· For GC/BC, DRX cycle(s) is configured per QoS profile. FFS on the need of down-select one DRX cycle from available DRX cycles for a specific L2 DST ID if UE has multiple QoS profiles for same DST L2 ID.
· For GC/BC, DRX cycle is configured per QoS profile.
· For GC/BC, RAN2 understands that sl-drx-startoffset does not take QoS requirement into consideration.
· For GC/BC, For GC/BC, sl-drx-startoffset is set based on DST L2 ID.



According to the above agreements in RAN2, most of them are relating to the PC5 DRX configurations either after establishing the link, or after acquiring the QoS profiles and destination L2 ID. Thanks to that, the PC5 DRX cycle can be configured to tailor the specific link for unicast or ensure the QoS profiles for broadcast and/or groupcast. We believe that such a mechanism is suitable to the specific PC5 DRX configuration, which relies either on the negotiation fashion between peer UEs, or on the predefined manner among the UEs.
[bookmark: _Ref77862514]The current RAN2 agreements only realize the specific PC5 DRX for power saving in V2X services.

However, the remaining issues in RAN2 are, how RAN2 can make the DRX operation properly in the initial stage of V2X service, applied for unicast, groupcast, and broadcast. To this end, RAN2 needs to further take into consideration the study on the default PC5 DRX configuration for all cast types, in addition to the specific PC5 DRX.
[bookmark: _Ref77862871]RAN2 should further study the default PC5 DRX configuration operated in the initial stage of V2X service for all cast types.

According to the SA2 conclusion, the default PC5 DRX cycle is operated per NR PC5 RAT (not per V2X service type). Here, we envisage that, the default PC5 DRX configured with a sparse resource pool is running for all the time once a DRX mode is required in the UE application layer. In other words, after the configuration of specific PC5 DRX, most likely, keeping running a default PC5 DRX cycle in parallel is still necessary due to the variation of the V2X services (e.g., new V2X service initiation, new member joining in the group).
Since the procedures for V2X communication over PC5 reference point are different in different cast types, the discussion on the default PC5 DRX should be separately performed accordingly. In what follows, we discuss the issues on the default PC5 DRX configuration for all cast types.
Default PC5 DRX Configuration for Broadcast
According to the procedure for broadcast mode of V2X communication over PC5 [2], before the broadcast service, the Rx UE(s) determine the destination Layer-2 ID for broadcast reception and pass it down to the AS layer. Meanwhile, the Tx UE determines the destination Layer-2 ID for broadcast as well. Then, the Tx UE self-assigns the source Layer-2 ID, and determines the PC5 QoS parameters for the broadcast V2X service. Finally, the Tx UE sends the V2X broadcast service data using the source Layer-2 ID and the destination Layer-2 ID.
Based on the RAN2 DRX related agreements in Rel-17, when DRX operation is ongoing in a Rx UE, it needs to follow up the PQI to determine the DRX cycles, and the destination Layer-2 ID to determine the DRX offset, respectively. Since each Rx UE could have multiple interested PQIs and destination Layer-2 IDs for broadcast reception in general, it indeed leads the Rx UE to operate the multiple DRX cycles with the individual offsets and keeps awake on most occasions even the associated broadcast services are not ongoing yet. This could result in much more receptions than necessary, and make the power saving inefficient.
[bookmark: _Ref77862517]Based on the current RAN2 DRX related agreements, if Rx UEs potentially run multiple broadcast services, it leads the Rx UEs to be awake on most occasions, and result in an inefficient power saving.

In order to make the power saving more efficient, RAN2 should study on the default PC5 DRX in broadcast, whereby the Rx UEs can operate the DRX cycle with the minimum power consumption, independently of the service types and the destination Layer 2 IDs.
It is noted that, as long as the ongoing QoS profiles are obtained after the initiation of the service in broadcast, a specific DRX pattern configured with the QoS profile and the DST L2 ID is running in parallel with the default DRX pattern.
According to the suggestion in TR23.776 [1], the configuration mechanism for the default PC5 DRX could be diverse; Rx UEs can rely either on the registered area based configuration, or on the per-RAT configuration. However, finding a reasonable configuration mechanism is a remaining task in RAN2 which should be accomplished in Rel-17.
[bookmark: _Ref77862873]RAN2 studies on the default PC5 DRX and its configuration mechanism before a Tx UE and Rx UE(s) are going to run the broadcast service(s).

Default PC5 DRX Configuration for Groupcast
According to the procedure for groupcast mode of V2X communication over PC5 [2], before running the groupcast service(s), the V2X application layer carries out V2X group management, and provides group identifier information (i.e., an application-layer V2X group identifier), as well as V2X application requirements for the groupcast communication. Thereafter, the procedure for the Tx UE and the Rx UEs is quite like what the broadcast does, in terms of the determination of the PC5 QoS parameters, the destination Layer-2 ID, and the group size and the member ID in the potential ongoing group. Finally, the Tx UE sends the V2X groupcast service data using the source Layer-2 ID and the destination Layer-2 ID.
It can be observed that the same issue as in broadcast occurs in the groupcast as well; when DRX operation is ongoing in a Rx UE, it needs to follow up the PQI to determine the DRX cycles, and the destination Layer-2 ID to determine the DRX offset, respectively. Since each Rx UE could have multiple interested PQIs and destination Layer-2 IDs for groupcast reception in general, it indeed leads the Rx UE to operate the multiple DRX cycles with the individual offsets and keeps awake on most occasions even the associated groupcast services are not ongoing yet. This could result in much more receptions than necessary, and make the power saving inefficient.
[bookmark: _Ref77862519]Based on the current RAN2 DRX related agreements, if Rx UEs potentially run multiple groupcast services, it leads the Rx UEs to be awake on most occasions, and result in an inefficient power saving.

As discussed in TS 38.287 [2], although V2X group formation is initiated by the V2X application layer, which is out of scope of 3GPP specification, the V2X group management is carried out in VAE and SEAL layers, which is within the scope of 3GPP specification. We believe that, in nature, the communication before the group formation should be realized by means of V2X groupcast as well.
[bookmark: _Ref78205257]Before the group formation in PC5 DRX mode, the initial communication carried out from Tx UE to Rx UEs can be realized by means of V2X broadcast default PC5 DRX.

Towards the power saving in groupcast, therefore, RAN2 does not need to introduce any new mechanism in PC5 DRX for groupcast, and instead, RAN2 can simply reuse the same default PC5 DRX mechanism as in broadcast for V2X group formation if the default PC5 DRX mechanism is supported for SL broadcast.
[bookmark: _Ref77862875]RAN2 studies to reuse the same default PC5 DRX mechanism for the V2X group formation if the default PC5 DRX mechanism is supported for SL broadcast.

Default PC5 DRX Configuration for Unicast
The unicast link establishment and its DRX configuration is completed via PC5-S message and PC5-RRC. The Tx UE initiates the unicast layer-2 link establishment (via broadcast using default destination L2 ID or unicast), by sending a DCR to the Rx UE (or target UE). Only after a DCA message, which contains source user information and QoS information, is sent to the Tx-UE by the Rx UE(s) that has successfully established security with the Tx UE, PC5 QoS parameters are available in both Tx-UE and Rx-UE. Thereafter, the specific PC5 DRX cycle corresponding to the unicast link can be configured accordingly.
Nevertheless, the question needs to be answered is, how to operate the PC5 DRX for the PC5-S / PC5-RRC messages before AS-layer configuration. As discussed in the previous section, the default PC5 DRX mechanism could be possibly supported for SL broadcast, and thus, we believe, the same default PC5 DRX mechanism as in broadcast can be applied at least for DCR message transferring.
It is worthwhile noting that, to make sure the first reception successful, the DCR message should be transmitted during the On-duration configured in the default PC5 DRX.
[bookmark: _Ref78208840]Before the unicast establishment in PC5 DRX mode, the communication carried out at least for the DCR message can be realized by means of V2X broadcast default PC5 DRX.

Therefore, RAN2 does not need to introduce any new mechanism in PC5 DRX for unicast link establishment, and instead, RAN2 can simply reuse the same default PC5 DRX mechanism as in broadcast at least for DCR message transferring if the default PC5 DRX mechanism is supported for SL broadcast.
[bookmark: _Ref77862876]RAN2 studies to reuse the same default PC5 DRX mechanism for the V2X unicast establishment if the default PC5 DRX mechanism is supported for SL broadcast.

Conclusions
In this contribution, we have discussed the necessity of the default PC5 DRX in different service scenarios and expressed our views on PC5 DRX operations in consideration of the default PC5 DRX and the specific PC5 DRX. The observations and proposals are as follows:
Observation 1: 	The current RAN2 agreements only realize the specific PC5 DRX for power saving in V2X services.
Observation 2:	Based on the current RAN2 DRX related agreements, if Rx UEs potentially run multiple broadcast services, it leads the Rx UEs to be awake on most occasions, and result in an inefficient power saving.
Observation 3:	Based on the current RAN2 DRX related agreements, if Rx UEs potentially run multiple groupcast services, it leads the Rx UEs to be awake on most occasions, and result in an inefficient power saving.
Observation 4	Before the group formation in PC5 DRX mode, the initial communication carried out from Tx UE to Rx UEs can be realized by means of V2X broadcast default PC5 DRX.
Observation 5	Before the unicast establishment in PC5 DRX mode, the communication carried out at least for the DCR message can be realized by means of V2X broadcast default PC5 DRX.

Proposal 1: 	RAN2 should further study the default PC5 DRX configuration operated in the initial stage of V2X service for all cast types.
Proposal 2: 	RAN2 studies on the default PC5 DRX and its configuration mechanism before a Tx UE and Rx UE(s) are going to run the broadcast service(s).
Proposal 3: 	RAN2 studies to reuse the same default PC5 DRX mechanism for the V2X group formation if the default PC5 DRX mechanism is supported for SL broadcast.
Proposal 4: 	RAN2 studies to reuse the same default PC5 DRX mechanism for the V2X unicast establishment if the default PC5 DRX mechanism is supported for SL broadcast.
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