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[bookmark: _Ref35586532]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In the last RAN2#113bis meeting, plenty of email discussions were launched to promote the progress for Rel-17 SL enhancement. In this contribution, we focus on the key leftover issues without consistent understanding for sidelink groupcast and broadcast. The related issues are listed below:
Regarding to the sidelink DRX configuration:
· Issue 1: What is the DRX granularity for sidelink groupcast and broadcast?
· Issue 2: For RRC_CONNECTED TX-UE/RX-UE, whether sidelink broadcast/groupcast DRX configuration can be configured via dedicated signaling?
Regarding to the sidelink DRX timer maintenance:
· Issue 3: For sidelink groupcast, which scenarios should support the SL inactivity timer?
· Issue 4: For sidelink groupcast, what’s the detailed condition to support SL HARQ RTT and the configuration method?
· Issue 5: For sidelink groupcast, whether SL retransmission timer is needed?
· Issue 6: For sidelink broadcast, whether SL HARQ RTT and SL retransmission timer are needed?
Alignment between Uu/SL DRX:
· Issue 7: For sidelink groupcast and broadcast, whether new mechanism is needed to align Uu DRX and SL DRX?
Others:
· Issue 8: For sidelink groupcast and broadcast, whether SL DRX MAC CE is needed?
In this contribution, the above issues will be analyzed one by one, and our preference will be given based on the analysis.
Discussion
Leftover issues for sidelink DRX configuration
Granularity of DRX operation for groupcast/broadcast
[bookmark: _Ref65508622]In the last meeting, a FFS about further study/discuss on how PQI and/or L2 destination ID is used to derive groupcast and broadcast DRX configuration was posted. Hence, in the following, we will analyze which DRX granularity should be adopted for sidelink groupcast and broadcast, based on L2 destination or based on PQI? 
Regarding to the L2 destination ID, it consists of 24 bit. The most significant 8 bits are contained in the MAC subheader for SL-SCH and the remaining bits are contained in SCI. The detailed L2 destination ID allocation rule is described in [1], which is listed below:
	For SL groupcast:
For groupcast mode of V2X communication over PC5 reference point, the V2X application layer may provide group identifier information. When the group identifier information is provided by the V2X application layer, the UE converts the provided group identifier into a destination Layer-2 ID. When the group identifier information is not provided by the V2X application layer, the UE determines the destination Layer-2 ID based on configuration of the mapping between V2X service type and Layer-2 ID, as specified in clause 5.1.2.1.

For SL broadcast:
[bookmark: OLE_LINK22][bookmark: OLE_LINK23]For broadcast mode of V2X communication over PC5 reference point, the UE is configured with the destination Layer-2 ID(s) to be used for V2X services. The destination Layer-2 ID for a V2X communication is selected based on the configuration as described in clause 5.1.2.1.



Based on the above description, it is obvious that the L2 destination ID is related to the group identifier (for SL groupcast) or V2X services (for SL groupcast if group identifier is not provided and SL broadcast). In addition, the L2 destination ID(s) for one service should be changed frequently for security. The essence of using L2 destination ID as the DRX granularity for SL broadcast/groupcast is to allocate DRX based on the V2X service. In order to achieve this, the upper layer should indicate the linkage amongst the different L2 destination IDs based the association between V2X service and L2 destination ID(s) assigned in upper layer.  
In RAN2#113-e meeting, it has been agreed that:
	RAN2 reply AS layer can determine DRX parameters and no additional input from V2X layer other than the currently available QoS is needed.


It is obvious using the L2 destination ID as DRX granularity is contradict with the above meeting agreement. In addition, it may introduce too many set of DRX configurations since UE may be interested in many V2X broadcast/groupcast services, which may impact the power saving performance.
On the contrary, according to latest SA2’s output in 23.776 [2] as shown in following:
For Key Issue #1 (Support of QoS aware NR PC5 power efficiency for pedestrian UEs), regarding NR PC5 DRX operations the following principles are taken as the conclusion:
-	The Access Stratum (AS) layer determines the PC5 DRX parameter values for V2X communication over PC5 reference point to enable pedestrian UE power saving.
-	The existing PC5 QoS parameters provided by the V2X layer can be used by the AS layer to determine the PC5 DRX parameter values.
-	For groupcast and broadcast, the AS layer of Rx UE needs PC5 QoS parameters to determine the PC5 DRX parameter values for V2X communication over PC5 reference point. Therefore, the V2X layer of Rx UE determines the interested V2X service types, and derives the corresponding PC5 QoS parameters based on either the mapping of V2X service types to PC5 QoS parameters, or the V2X Application Requirements for the V2X service type (e.g. priority requirement, reliability requirement, delay requirement, range requirement) provided by the application layer. The V2X layer of Rx UE passes the PC5 QoS parameters together with the corresponding destination layer-2 ID(s) for reception to the AS layer.
-	The AS layer provides the applied PC5 DRX information to the V2X layer.

With the above agreements by SA2, it is feasible for RX UE to use PQI as a common basis to initiate sidelink communication using a corresponding DRX configuration. That’s to say, the DRX parameters can be totally determined in AS layer and no SA2 input is needed. In order to reduce the number of DRX configurations, one set of DRX configurations can be used for one PQI list which with similar latency requirement. Hence, the DRX granularity based on PQI list is preferred.
[bookmark: _Ref68076637]Proposal 1: For SL groupcast and broadcast, SL DRX can be configured based on each PQI list.
During the email discussion [7], the DRX configuration parameters for SL groupcast and broadcast were discussed. It was summarized that different DRX configuration parameters can be configured on different basis (e.g. sl-drx-Cycle is configured per-PQI/QoS and sl-drx-StartOffset is configured per-destination). For Uu DRX, there is only one parameter to cover the above two parameters (drx-LongCycleStartOffset, it stands for drx-LongCycle in ms and drx-StartOffset in multiples of 1 ms). For SL groupcast and broadcast, some companies argued that there is no relationship between startoffset and QoS. Indeed, we share the same view with the above argument. But we think PQI/ QoS based DRX configuration can also distribute the load on the physical resources evenly across time. The main drawback of agreeing startoffset configured per-destination is at cost of more power consumption. E.g. if a UE is interested at one PQI service, there will be multi destination IDs for this PQI corresponding multi offsets, then the UE should wake up at every offset which is more power consumption. Additionally, if we agree that different DRX configuration parameters can be configured on different basis, it will cause more confusion about the configuration granularity in the spec. At last, the function of distributing the load is not in the scope of DRX configuration’s scope. So we prefer to configure the DRX parameters base on the same criterion.
[bookmark: _Ref71275507]Proposal 2: For SL groupcast and broadcast, SL DRX parameters should also be configured based on PQI list.
Dedicated-RRC for obtaining DRX configuration 
Regarding to the SL DRX configuration for groupcast and broadcast, the following agreements were reached in RAN2#113 meeting [3]:
Agreements on SL DRX configurations
1: 	For broadcast/groupcast, for out-of-coverage case, TX-UE/RX-UE obtain DRX configuration from pre-configuration.
2:	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.
3:	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.
For the above FFS, it is still unclear that for broadcast and groupcast, for in-coverage case, for RRC_CONNECTED TX-UE/RX-UE, whether dedicated-RRC is also can be used to obtain DRX configuration? During the email discussion [4], 12 of 21 companies supported to use dedicated-RRC to obtain DRX configuration for the above case.
The proponent of dedicated-RRC for this issue declared that the same principle should be followed with Rel-16 NR V2X. In Rel-16, sidelink UE has to apply the sidelink configuration via dedicated RRC, even if there is sidelink configuration included in SIB. The opponent of dedicated-RRC for this issue declared that it will cost more signaling overhead for sidelink groupcast and broadcast. From our point of view, in the case that there is no dedicated RRC configuration received, then the UE should follow the configuration in SIB; However in the case that the dedicated RRC configuration is received, then the UE should follow the dedicated configuration. And it is up to gNB implementation to ensure the configurations signalled via SIB and dedicated RRC signaling are aligned. So we prefer not to exclude dedicated-RRC for the above case.
[bookmark: _Ref70087521][bookmark: _Ref70438186]Proposal 3: For broadcast/groupcast, for in-coverage case, for RRC_CONNECTED TX-UE/RX-UE can obtain DRX configuration from dedicated-RRC.
Sidelink DRX timer maintainence
Regarding to the sidelink DRX timer maintenance, many agreements were reached in the RAN2#113bis, but there are still some open issues. In the following, we will further discuss these issues one by one.
SL inactivity timer support for groupcast
In the RAN2#113 meeting, it was agreed that:
Agreements on details of timer
14:	SL Inactivity timer is supported for groupcast. FFS on the scenarios where it is supported.
During the email discussion [5], 11 of 21 companies supported that sidelink groupcast transmissions support inactivity timer for specific groupcast HARQ-enabled transmissions; 8 of 21 companies supported that  sidelink groupcast transmissions support inactivity timer for specific group configuration from upper layers (e.g. presence of group size/member ID).
For the problem of unsynchronized inactivity timers, it is unnecessary to guarantee 100% synchronization at the cost of complex protocol design. Even for Uu DRX, there will be some PDCCH missing happened that cause DRX state misalignment between base station and UE for a while. Furthermore the mentioned unsynchronized issue can be solved naturally when the next on-duration is coming. For the case of HARQ feedback for groupcast, two distinct options were supported:
· Option 1: Receiver UE transmits HARQ-NACK on PSFCH if it fails to decode the corresponding TB after decoding the associated PSCCH. It transmits no signal on PSFCH otherwise.
· Option 2: Receiver UE transmits HARQ-ACK on PSFCH if it successfully decodes the corresponding TB. It transmits HARQ-NACK on PSFCH if it does not successfully decode the corresponding TB after decoding the associated PSCCH which targets the receiver UE.
Obviously, option1 can’t distinguish between the correct reception and the missed reception. For Option2, if we just stare on one pair of Tx UE and Rx UE, indeed, option2 can be used to achieve better alignment between Tx UE and Rx UE for inactivity timer, but considering there will be one Tx UE and multi Rx UEs in the scenario of sidelink groupcast. It is not feasible and unnecessary to guarantee 100% synchronization for inactivity timer for sidelink groupcast, so we prefer to support the inactivity timer for sidelink groupcast in all cases.
[bookmark: _Ref70087531]Proposal 4: For sidelink groupcast, the inactivity timer should always be supported.
Details to support SL HARQ RTT  for groupcast
In the RAN2#113bis meeting, it was agreed that:
6b: 	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.
[bookmark: _Ref65686335]For sidelink groupcast:
· If sidelink HARQ FB is disabled, drx-HARQ-RTT timer is not needed. How to start the drx-RetransmissionTimer should be further discussed, one possible method is to start the drx-retransmissionTimer upon sending/receiving the SCI.
· If sidelink HARQ FB is enabled, drx-HARQ-RTT timer is needed. Regarding to the drx-RetransmissionTimer, it can be started upon drx-HARQ-RTT timer expiry. Considering there will be multi-Tx UEs and Rx UEs involved, we can’t directly reuse related procedure as SL unicast and need further discussion. 
[bookmark: _Ref71298195][bookmark: _Ref70438192]Proposal 5: For sidelink groupcast, when sidelink HARQ FB is disabled, the drx-HARQ-RTT-Timer is not supported.
During the discussion, there is still one FFS about whether HARQ RTT is explicitly configured or can be based on SCI. The detail analysis for SL unicast for this issue was in our company’s contribution in [8]. In order to simplify the design, a common solution for SL unicast and SL groupcast for HARQ RTT timer maintenance is preferred. For sidelink groupcast, an explicit sidelink HARQ RTT timer length should be configured, not determined based on the SCI.
[bookmark: _Ref60842052][bookmark: _Ref60842100][bookmark: _Ref70087534][bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 6: For sidelink groupcast, an explicit sidelink HARQ RTT timer length should be configured, not determined based on the SCI.
For groupcast, whether SL retransmission timer is needed?
In the RAN2#113bis meeting, it was agreed that:
Proposal 22 [14/21] For unicast, sidelink retransmission timer can be supported for at least some cases of HARQ disabled transmissions.  FFS whether HARQ RTT is supported or not.
[bookmark: _Ref60842056][bookmark: _Ref60842106][bookmark: _Ref70087537]For sidelink groupcast, similar as SL unicast, no matter whether sidelink HARQ feedback is enabled or not, the retransmission timer should be supported in order to extend the active time for retransmission. 
[bookmark: _Ref70438198]Proposal 7: For sidelink groupcast, the retransmission timer should always be supported.
For broadcast, whether SL HARQ RTT and SL retransmission timer are needed
For sidelink broadcast, there is no HARQ feedback compared to sidelink groupcast, in order to align with our proposal in Proposal 5, we propose that for sidelink groupcast, there is no need to maintain the SL HARQ RTT timer.  For SL retransmission timer aspect, considering we had reached the conclusion that for sidelink broadcast, SL Inactivity timer is not supported to further simplify the DRX design, we propose that there is no need to support SL retransmission timer for sidelink broadcast. Some company may comment that for that case, how to guarantee the blind retransmission? We think it can be solved through the appropriate configuration with On-duration Timer.
[bookmark: _Ref65686333]Proposal 8: For sidelink broadcast, there is no need to introduce the drx-HARQ-RTT-Timer and drx-RetransmissionTimer.
Uu/SL DRX alignment
Regarding to the Uu/SL DRX alignment for groupcast and broadcast, the following agreement was reached in the last RAN2 meeting[6]:
Agreements on alignment between Uu DRX and SL DRX
2:	Alignment of Uu DRX and SL DRX for groupcast and broadcast is supported. FFS on whether new mechanisms are needed.
[bookmark: _Ref70087540]For RRC_CONNECTED Tx UE, there is no AS level interaction between UEs for SL groupcast and broadcast as per legacy NR SL V2X design, but the DRX related information can be reported by the involved UE to its serving gNB. Then left to gNB implementation to achieve the alignment Uu DRX and SL DRX for SL groupcast and broadcast. About the detailed reported manner, there are two alternative listed:
· Option 1: SUI;
· Option 2: New RRC signalling.
For SUI, in Rel-16, for connected UE, SUI is used to report PC5 QoS profile to its serving gNB, then the serving gNB configures SLRB based on the reported PC5 QoS profile. The current mechanism is enough to achieve the requirement for the alignment between Uu DRX and SL DRX for sidelink groupcast and/or broadcast. In the other word, a new PC5-RRC signalling is not needed.
[bookmark: _Ref70438207][bookmark: _Ref71535668]Proposal 9: In order to alignment of Uu DRX and SL DRX for groupcast and broadcast, legacy SUI procedure should be used. 
From the perspective of coordinating Uu DRX and SL DRX, in our understanding, there is no strong motivation to align the Uu DRX and sidelink DRX for RRC_IDLE and RRC_INACTIVE UE since Uu DRX is only used for paging reception. Considering for RRC_IDLE and RRC_INACTIVE UE, the Uu DRX configuration was decided based on the coordination between NAS layer and AS layer, hence it cannot be changed flexibly. For sidelink groupcast or broadcast, its DRX configuration is acquired based on each PQI list, and it is also cannot be changed flexibly. That’s to say, there is no way to compromise for both side. So if Tx UE is in RRC_IDLE or RRC_INACTIVE state, the Uu/SL DRX alignment is not supported for sidelink groupcast and broadcast. 
[bookmark: _Ref70087543]Proposal 10: If Tx UE is in RRC_IDLE or RRC_INACTIVE state, the Uu/SL DRX alignment is not supported for sidelink groupcast and broadcast.
DRX MAC CE usage
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In the RAN2#113 meeting, it was agreed that [3]:
	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).


For Uu DRX, the main function of DRX command MAC CE is to perform DRX cycle switching. But for SL broadcast and groupcast, although multiple sets of DRX configuration may be used, but which DRX configuration(s) are used depends on the PQI of the service, there is no need to use DRX MAC CE to switch the DRX cycle. In addition, for SL unicast, some companies suggest DRX MAC CE can be used for forcing the Rx UE to enter DRX inactive time. But for SL broadcast and groupcast, there may be multiple Tx UEs, one Tx UE should not let the Rx UE to enter DRX inactive time since the other Tx UEs may still have sidelink data transmission requirement. Based on the above analysis, SL DRX MAC CE does not need to be introduced for SL broadcast/groupcast.
[bookmark: _Ref70438210][bookmark: _Ref58504870]Proposal 11: For sidelink groupcast and broadcast, SL DRX Command MAC CE is not introduced in Rel-17.
Conclusion
According to the analysis in section 2, it is proposed:
Proposal 1: For SL groupcast and broadcast, SL DRX can be configured based on each PQI list.
Proposal 2: For SL groupcast and broadcast, SL DRX parameters should also be configured based on PQI list.
Proposal 3: For broadcast/groupcast, for in-coverage case, for RRC_CONNECTED TX-UE/RX-UE can obtain DRX configuration from dedicated-RRC.
Proposal 4: For sidelink groupcast, the inactivity timer should always be supported.
Proposal 5: For sidelink groupcast, when sidelink HARQ FB is disabled, the drx-HARQ-RTT-Timer is not supported.
Proposal 6: For sidelink groupcast, an explicit sidelink HARQ RTT timer length should be configured, not determined based on the SCI.
Proposal 7: For sidelink groupcast, the retransmission timer should always be supported.
[bookmark: _GoBack]Proposal 8: For sidelink broadcast, there is no need to introduce the drx-HARQ-RTT-Timer and drx-RetransmissionTimer.
Proposal 9: In order to alignment of Uu DRX and SL DRX for groupcast and broadcast, legacy SUI procedure should be used.
Proposal 10: If Tx UE is in RRC_IDLE or RRC_INACTIVE state, the Uu/SL DRX alignment is not supported for sidelink groupcast and broadcast.
Proposal 11: For sidelink groupcast and broadcast, SL DRX Command MAC CE is not introduced in Rel-17.
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