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1 [bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK175][bookmark: OLE_LINK176]Introduction
[bookmark: OLE_LINK23]The following agreements related to DRX for sidelink groupcast and broadcast were achieved in RAN2#113 e-meeting [1]:
	Agreements on SL DRX for broadcast and groupcast:
1. For SL groupcast/broadcast, SL DRX configuration can be configured in common. FFS on granularity of SL DRX configuration.
2. Short DRX cycle is not introduced for SL unicast, groupcast and broadcast in Rel-17.
3. At least, on-duration timer is supported for SL groupcast. FFS for the need and detailed condition when inactivity timer is supported.
4. HARQ RTT is supported in SL groupcast. FFS for the detailed condition when it is supported. FFS whether HARQ RTT is explicitly configured or can be based on SCI. FFS on the need of HARQ retransmission timer.
5. At least, on-duration timer is supported for SL broadcast.
6. SL DRX Command MAC CE is introduced for SL DRX operation in unicast. FFS on the need of groupcast. FFS on the detailed UE behaviour (including relation to inactivity timer).
7. [bookmark: OLE_LINK54]For broadcast/groupcast, for out-of-coverage case, TX-UE/RX-UE obtain DRX configuration from pre-configuration.
8. For broadcast/groupcast, for in-coverage case, RRC_IDLE/INACTIVE TX-UE/RX-UE obtain DRX configuration from SIB. It is up to network implementation how to coordinate active time between different cells.
9. For broadcast/groupcast, for in-coverage case, for RRC_CONNECTED TX-UE/RX-UE can obtain DRX configuration from SIB. FFS on whether dedicated-RRC is also used.
10. [bookmark: OLE_LINK57][bookmark: OLE_LINK58]RAN2 kindly agree that for groupcast and broadcast communication further granularity to multiple sets of DRX configurations (beyond just cast type) is required i.e. more than two DRX Cycle configurations should be supported in specification.
11. [bookmark: OLE_LINK55][bookmark: OLE_LINK56]RAN2 will study/discuss how PQI and/or L2 destination ID is used to derive groupcast and broadcast DRX configuration.
12. Timer-based SL DRX is also applied to SL groupcast/broadcast.


[bookmark: OLE_LINK26]Furthermore, the following agreements related to DRX for sidelink groupcast and broadcast were achieved in RAN2#113bis e-meeting [2]:
	Agreements on details of timer:
[bookmark: OLE_LINK67][bookmark: OLE_LINK68][bookmark: OLE_LINK119]14:	SL Inactivity timer is supported for groupcast. FFS on the scenarios where it is supported.
15:	SL Inactivity timer is not supported for broadcast transmissions.
16:	The RX UE is active on sidelink (monitors SCI1+SCI2) as long as at least one of the SL inactivity timers associated with unicast or groupcast (if supported) is running.
[bookmark: OLE_LINK118]17:	As a baseline, agreements 7-13 inclusive are applied to SL inactivity timer for groupcast, with the difference that “src/dest L2 ID pair” is replaced with “groupcast L2 destination ID or src/dest L2 id pair” (dependent on the conclusion of proposal 17).  Any specific handling which may be needed for synchronization of inactivity timers for the groupcast case is FFS.


In this contribution, based on the above agreements, we will focus on further details on sidelink DRX design specific for broadcast/groupcast, and provide corresponding observations and proposals on the left-overs.
2 Discussion
SL DRX configuration derivation
[bookmark: OLE_LINK64][bookmark: OLE_LINK65]In RAN2#113-e meeting, we reached the agreement that TX-UE/RX-UE can obtain DRX configuration from pre-configuration for OOC case and TX-UE/RX-UE can obtain DRX configuration from SIB for IC case. To support multiple sets of DRX configurations (beyond just cast type) for SL broadcast/groupcast, it was agreed that PQI and/or L2 destination ID can be considered to derive broadcast and groupcast DRX configuration. As the PQI is closely related to service requirements (e.g. priority and PDB), it can have clear impacts on DRX configurations (e.g. the on-duration time and DRX cycle). Moreover, if only the destination ID is used to derive DRX configuration, NW cannot directly obtain the intended information (e.g. service type, QoS requirements) from the destination ID, especially for RRC_IDLE/RRC_INACTIVE/OOC case, and this may further lead to unsuitable DRX configuration provided by NW. Therefore it is suggested to use PQI to derive groupcast and broadcast DRX configuration used by the UE.
[bookmark: OLE_LINK61][bookmark: OLE_LINK62][bookmark: OLE_LINK85]Proposal 1: PQI is used to derive broadcast and groupcast DRX configuration used by the UE. 
[bookmark: OLE_LINK36][bookmark: OLE_LINK37]As there can be one or more PQIs within a given destination ID for SL broadcast/groupcast, therefore, multiple DRX configurations may be available for a given destination ID, if the PQI is used to derive DRX configuration. However, since SCI only carries the destination ID related information for the associated TB even with multiple packets associated with different PQIs able to be multiplexed into the TB associated with the SCI, the MAC entity at the RX side certainly cannot operate DRX respectively towards various PQI of the data included in a given TB, considering that DRX is performed for SCI reception which is at a per TB (not per LCH) level. Moreover, if multiple DRX configurations were applied for a given destination ID by the MAC, it would cause a big challenge on UE implementation complexity, as there could be quite a few timers needing to be maintained in parallel. Therefore, we propose that at the RX UE side, only one DRX configuration shall be applied by the MAC entity at a given time for each destination ID.
[bookmark: OLE_LINK83][bookmark: OLE_LINK84]Proposal 2: Only one DRX configuration is applied by the MAC entity at a given time for each destination ID of SL groupcast/broadcast reception.
[bookmark: OLE_LINK30][bookmark: OLE_LINK45]In order to ensure the “TX-RX” alignment on the DRX configuration actually applied among the UEs involved in groupcast or broadcast, the available QoS parameters supported for a specific DST (i.e. a group for groupcast or a service type for broadcast) obtained by TX-UEs and RX-UEs from the upper layers should be aligned with each other. This can be ensured under the assumption that both TX-UE and RX-UE should be able to obtain the whole set of PQIs associated with the destination from upper layers, even when the PQI is not associated with on-going SL traffic for this destination. Then, the TX-UEs and RX-UEs use them to determine the associated DRX configuration it actually applies in the AS, as shown in the above Proposal 2/3. RAN2 can carry out further discussion under this assumption, or send LS to SA2 for such confirmation, if deemed as necessary by companies.
[bookmark: OLE_LINK46][bookmark: OLE_LINK47][bookmark: OLE_LINK53][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK66][bookmark: OLE_LINK48]Proposal 3: RAN2 assumes that for a DST of groupcast or broadcast, the UE can obtain the whole set of PQIs supported for this DST from the upper layers (based on which the DRX configuration actually applied for this DST is selected). If deemed as necessary, send an LS to SA2 for confirmation of this assumption.
Proposal 3a: Adopt the draft LS in the Appendix, if LS to SA2 is  agreed as necessary.
In order to support Proposal 2 above, if multiple PQIs are now associated with a given destination ID, two options can be considered. As Option1, first a target PQI among the multiple PQIs associated with the destination ID can be selected (e.g. the PQI whose priority level and/or PDB is the smallest), and then the DRX configuration associated with this target PQI is applied for this destination ID. As Option 2, first we can obtain multiple DRX configurations respectively corresponding to the PQIs associated with the destination ID, and then select a DRX configuration according to some criteria (e.g. the DRX configuration with the smallest DRX cycle) within these DRX configurations.
[bookmark: OLE_LINK81][bookmark: OLE_LINK88][bookmark: OLE_LINK89][bookmark: OLE_LINK29]Proposal 4: RAN2 to decide how to decide the DRX configuration applied by the MAC entity for each broadcast/groupcast destination ID by taking into account the following two options:
· Option 1: first select a target PQI among the multiple PQIs associated with the destination ID (e.g. the PQI whose priority level and/or PDB is the smallest), and then use the the DRX configuration associated with this PQI for this destination ID;
· Option 2: first decide multiple DRX configuration(s) respectively corresponding to the PQI(s) associated with the destination ID, and then select a target DRX configuration as per some specific criteria (e.g. the DRX configuration with the smallest DRX cycle) within these DRX configurations.
SL DRX timers related behaviors
SL Inactivity timer for groupcast
[bookmark: OLE_LINK116][bookmark: OLE_LINK117][bookmark: OLE_LINK31][bookmark: OLE_LINK32][bookmark: OLE_LINK69][bookmark: OLE_LINK70]It has been agreed that SL Inactivity timer is supported for groupcast [2]. However, it has not been decided if inactivity timer is maintained per L2 destination ID or per src/dst L2 ID pair. In our view, inactivity timer should be maintained per L2 destination ID since Rx UE receives transmissions from all UEs in the group instead of one particular UE. Inactivity timer per src/dst L2 ID pair results in UE complexity due to maintaining many timers for one group and spec complexity without any benefit. 
[bookmark: OLE_LINK122][bookmark: OLE_LINK123]Proposal 5: For groupcast, SL Inactivity timer is maintained per L2 destination ID.
[bookmark: OLE_LINK120][bookmark: OLE_LINK121]Regarding the FFS on whether any specific handling is needed for synchronization of inactivity timers among UEs in a group for the groupcast case, in our thinking, the mechanism of groupcast transmission is similar to unicast transmission; therefore, it is not needed to support any specific solution or standard impact for synchronization of inactivity timers for the groupcast case.
[bookmark: OLE_LINK124][bookmark: OLE_LINK125]Proposal 6: Compared to unicast, no specific handling for synchronization of inactivity timers is needed for groupcast.
SL Retransmission timer and HARQ RTT timer for groupcast
It was agreed in the last meeting that both retransmission timer and HARQ RTT timer are introduced in DRX for SL groupcast. Now we focus on a scenario as shown in Figure 1 below: For an SL process 1 used by the groupcast transmission, as depicted in Figure 1, we assume that RX-UE A decodes the data successfully, and thus sends ACK to TX-UE and does not start retransmission timer for the SL process after the corresponding HARQ RTT timer expires; by contrast, RX-UE B does not decode the data successfully, and thus sends NACK to TX-UE and starts retransmission timer for the SL process after the corresponding HARQ RTT timer expires. Assuming the DR(T)X status for this SL groupcast transmission is also maintained in TX-UE, TX-UE will start retransmission timer for the SL process when it receives NACK from RX-UE B and the corresponding HARQ RTT timer expires. 
[image: ]
Figure 1: the behaviours when retransmission timer is introduced in the DRX for SL groupcast
Based on the logic in Uu DRX, TX-UE may schedule the subsequent data transmission for any of the currently existing SL processes, as it supposes the retransmission timer of the peer UE is running. However, since the retransmission timer corresponding to this SL process 1 was not triggered to run by this transmission at RX-UE A which may thus remain sleeping, if TX-UE in this case schedules the data transmission of another SL process than that associated with SL process 1, RX-UE A will suffer from packet loss (though the TB reception associated with SL process 1 itself has been successfully completed). This issue attributes to the misaligned DRX timer status among the multiple peer UEs in the same group, and such misalignment is in nature inevitable along with the introduction of HARQ RTT timer and retransmission timer into SL groupcast. 
To avoid the occurrence of such packet loss as shown above, a simple method is to specify that when neither the Onduration timer nor Inactivity timer for the related groupcast Destination is running, TX-UE can only schedule the retransmission of the SL process(es) whose retransmission timer(s) is/are running, i.e. TX-UE cannot schedule the (re)transmission of the SL process(es) whose retransmission timer(s) is/are not running.
Proposal 7: TX-UE can only schedule the retransmission of the SL process(es) whose retransmission timer(s) is/are running, when neither Onduration timer nor Inactivity timer for the related groupcast Destination (maintained at the TX UE side) is running.
SL DRX configuration procedure
[bookmark: OLE_LINK77][bookmark: OLE_LINK78][bookmark: OLE_LINK79][bookmark: OLE_LINK80]One remaining issue on DRX configuration for broadcast/groupcast is whether dedicated RRC signaling can be used for RRC_CONNECTED TX-UE/RX-UE to obtain the DRX configuration. We think it is better to support it, in the favor of both consistency with legacy behavior and ease for later Spec development. This is proposed as follows.
[bookmark: OLE_LINK90]Proposal 8: For SL broadcast/groupcast, RRC_CONNECTED TX-UE/RX-UE can obtain DRX configurations from dedicated RRC signaling.
Moreover, according to the agreements for broadcast/groupcast DRX in RAN2#113e, for the out-of-coverage (OOC) case, TX-UE/RX-UE obtains DRX configuration from pre-configuration, while for the in-coverage (InC) case, TX-UE/RX-UE can obtain DRX configuration from at least SIB. However, if TX-UE is InC and RX-UE is OOC (i.e. the partial coverage case), the DRX configurations used by TX-UE and RX-UE may be different, because TX-UE and RX-UE obtain DRX configurations from gNB and from pre-configuration respectively. Consequently, sometimes TX-UE may perform SL transmission when RX-UE is not in its active time, which leads to packet loss. The similar problem exists in case when TX-UE is OOC and RX-UE is in InC.
Observation 1: For SL broadcast/groupcast, when the InC/OOC status between TX-UE and RX-UE is not consistent (i.e. the partial coverage case), the DRX configuration used by TX-UE may be different from that used by RX-UE, which leads to packet loss in SL broadcast/groupcast.
To overcome the above problem, a possible way is to enable the exchange of the InC/OOC status between TX-UEs and RX-UEs, in order to ensure that the DRX configurations used by TX-UE and RX-UE respectively are the same. Furthermore, considering the “1-to-M” nature in SL broadcast/groupcast, it is reasonable to make the RX-UEs adapt to the TX-UE in terms of what DRX configuration to use in the case of different coverage status. Thus, TX-UE is allowed to send the DRX configuration and indicate its own InC/OOC status to the potential RX-UEs. If the RX-UE finds that its InC/OOC status is consistent with TX-UE, it ignores the DRX configuration provided by the TX-UE, and uses the DRX configuration obtained from gNB/pre-configuration according to the above agreements; otherwise (i.e. inconsistent “TX-RX” coverage status), RX-UE uses the DRX configuration provided by the TX-UE.
Proposal 9: For broadcast/groupcast, TX-UE signals the DRX configuration and its own InC/OOC status to its peer RX-UE(s). If a RX-UE finds that its InC/OOC status is consistent with the TX-UE, it ignores the DRX configuration provided by TX-UE; otherwise, the RX-UE uses the DRX configuration provided by the TX-UE.
Others
Another thing that is worth discussing under the SL broadcast/groupcast DRX design is how to handle the DCR (direct communicating request) message which is transmitted before a unicast PC5 RRC connection is established. Some companies in the earlier meetings proposed to introduce a specific solution for such DCR message transmission. However, from our perspective, there is no need of doing so. The DCR message can be sent via broadcast or unicast manner according to [3]. Nevertheless, with the DCR message being the first message before the establishment of a PC5 RRC connection, it is in nature transferred in the AS via a broadcast way, even in the case where it uses the target UE’s ID, because a UE has no perception on whether/when there will be a DCR message received from any other nearby UE(s) seeking for PC5 RRC connection establishment with it. Also, the DCR message is transmitted before the establishment of a PC5 RRC connection, thus impossibly using the dedicated SL configurations exchanged by PC5 RRC message as SL unicast data transmissions. As the sidelink DRX configuration is coordinated via PC5-RRC signaling for unicast after the corresponding PC5 RRC connection is already there, the DCR message can only be sent out before sidelink DRX coordination between the peer UEs. 
To this end, a direct solution is to categorize DRX handling for DCR message into the DRX design for SL broadcast. That is, we use the SL broadcast DRX to also treat DCR transmission and reception, and on top of this, RAN2 can further discuss whether any DCR-specific issues need to be additionally addressed (e.g. difference between PC5-S signaling and UP data transfer). Taking an example, if default DRX configuration is supported for SL broadcast, we can use default SL broadcast DRX configuration for DCR message transfer.
Proposal 10: Apply SL broadcast DRX mechanism for DCR message transfer. FFS whether any additional DCR-specific issue needs to be addressed under the SL broadcast DRX framework.
There are also some other PC5-S messages (SMC, DCA, etc.) that are transmitted between the two UEs for unicast connection establishment, as shown in the below figure. On the one hand, different from DCR message, they are transferred when a UE has already perceived the possibility for other nearby UE(s) to establish a PC5 RRC connection with it (after sending/receiving DCR to/from others), and must be transmitted using the unicast DST ID(s) associated with the target UE(s). On the other hand, they are still transmitted before the dedicated RRC configuration (incl. DRX configuration) via PC5 RRC signaling is possible. Therefore, how to design the DRX for such PC5-S signaling transfer can be further investigated by RAN2, after Proposal 5 is concluded.
[image: ]
Figure 2: Illustration of unicast connection establishment
Proposal 11: FFS how to design the SL DRX for the transfer of other PC5-S messages than DCR message (e.g. SMC, DCA, etc.).
3 Conclusion
[bookmark: OLE_LINK6]This contribution further discuss sidelink DRX for groupcast/broadcast. The observations and proposals are as follows:
Observation 1: For SL broadcast/groupcast, when the InC/OOC status between TX-UE and RX-UE is not consistent (i.e. the partial coverage case), the DRX configuration used by TX-UE may be different from that used by RX-UE, which leads to packet loss in SL broadcast/groupcast.
Proposal 1: PQI is used to derive broadcast and groupcast DRX configuration used by the UE. 
Proposal 2: Only one DRX configuration is applied by the MAC entity at a given time for each destination ID of SL groupcast/broadcast reception.
Proposal 3: RAN2 assumes that for a DST of groupcast or broadcast, the UE can obtain the whole set of PQIs supported for this DST from the upper layers (based on which the DRX configuration actually applied for this DST is selected). If deemed as necessary, send an LS to SA2 for confirmation of this assumption.
Proposal 3a: Adopt the draft LS in the Appendix, if LS to SA2 is  agreed as necessary.
Proposal 4: RAN2 to decide how to decide the DRX configuration applied by the MAC entity for each broadcast/groupcast destination ID by taking into account the following two options:
· Option 1: first select a target PQI among the multiple PQIs associated with the destination ID (e.g. the PQI whose priority level and/or PDB is the smallest), and then use the the DRX configuration associated with this PQI for this destination ID;
· Option 2: first decide multiple DRX configuration(s) respectively corresponding to the PQI(s) associated with the destination ID, and then select a target DRX configuration as per some specific criteria (e.g. the DRX configuration with the smallest DRX cycle) within these DRX configurations.
Proposal 5: For groupcast, SL Inactivity timer is maintained per L2 destination ID.
Proposal 6: Compared to unicast, no specific handling for synchronization of inactivity timers is needed for groupcast.
Proposal 7: TX-UE can only schedule the retransmission of the SL process(es) whose retransmission timer(s) is/are running, when neither Onduration timer nor Inactivity timer for the related groupcast Destination (maintained at the TX UE side) is running.
Proposal 8: For SL broadcast/groupcast, RRC_CONNECTED TX-UE/RX-UE can obtain DRX configurations from dedicated RRC signaling.
Proposal 9: For broadcast/groupcast, TX-UE signals the DRX configuration and its own InC/OOC status to its peer RX-UE(s). If a RX-UE finds that its InC/OOC status is consistent with the TX-UE, it ignores the DRX configuration provided by TX-UE; otherwise, the RX-UE uses the DRX configuration provided by the TX-UE.
Proposal 10: Apply SL broadcast DRX mechanism for DCR message transfer. FFS whether any additional DCR-specific issue needs to be addressed under the SL broadcast DRX framework.
Proposal 11: FFS how to design the SL DRX for the transfer of other PC5-S messages than DCR message (e.g. SMC, DCA, etc.).
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Appendix: A draft LS to SA2

[bookmark: _Hlk21442131]3GPP TSG-RAN2 Meeting #114-e 	R2-21XXXXX
Electronic meeting, online, 19th May- 27th May 2021

Title:	[Draft] LS on QoS availability for SL broadcast and groupcast DRX
Response to:	-
Release:	Rel-17
Work Item:	NR_SL_enh-Core

Source:	Huawei, Hisilicon (to be RAN2)
To:	SA2
Cc:	-

Contact Person:	
· Name:	 
· E-mail Address:	

Send any reply LS to:	3GPP Liaisons Coordinator, mailto:3GPPLiaison@etsi.org

Attachments:	-



1. Overall description:
[bookmark: OLE_LINK51][bookmark: OLE_LINK52][bookmark: OLE_LINK49][bookmark: OLE_LINK50]RAN2 is discussing DRX design for NR SL groupcast and broadcast. RAN2 agreed that the PQI is used to derive the DRX configuration used by the MAC entity for NR sidelink groupcast/broadcast transmission and reception. Moreover, to enable the DRX configuration alignment between the transmitter UEs and the receiver UEs, RAN2 also assumes that all the UEs involved in the SL groupcast or broadcast communication for a given Destination can know the whole set of QoS parameters supported for this destination in its AS, as indicated by the upper layers, even when the QoS parameter is not associated with an ongoing traffic currently communicated for this Destination. 

RAN2 would like SA2 to provide feedback on whether the above RAN2 assumption is a feasible assumption for Rel-17 SL enhancement.


2. Actions:
To 3GPP SA2:
RAN2 respectfully request SA2 to provide feedback on whether the above RAN2 assumption is feasible for Rel-17 SL enhancement.

3. Date of next TSG RAN WG2 meetings:
RAN2#115	23th Aug – 27th Aug 2021	Online
RAN2#116	01th Nov – 12th Nov 2021	Online
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