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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
At RAN2#113-bis electronic meeting, the SL DRX timer details for unicast, groupcast and broadcast have been discussed, and a bulk of agreements have been reached as following [1].
Agreements on details of timer
1: 	The following parameters are supported as part of the SL DRX configuration for all cast types: sl-drx-StartOffset, sl-drx-Cycle, sl-drx-onDurationTimer, and sl-drx-SlotOffset.
2:	The RX UE determines the symbol/slot/subframe associated with the start of the DRX cycle using the configured sl-drx-Cycle, sl-drx-StartOffset.  FFS on details.
3:	The RX UE starts the sl-drx-onDurationTimer after sl-drx-slotOffset from the beginning of the subframe.
4:	The RX UE’s active time includes the time in which sl-drx-on-DurationTimer is running.
5:	For unicast, the TX UE behaviors should be specified to keep aligned with the RX UE regarding the DRX Active time. FFS the specific Spec impacts needed at the TX side.
6:	For unicast, the RX UE maintains a separate SL inactivity timer for each pair of src/dest L2 ID.
7:	For unicast, the SL inactivity timer value may take into consideration the QoS.  Whether any specification impacts are needed is FFS.
8:	For unicast, RX UE starts/restarts the inactivity timer with the value configured for that pair of src/dest L2 ID.
9:	For unicast, the RX UE (re)starts the inactivity timer upon reception of a new SL data transmission from the RX UE perspective for that pair of src/dest L2 ID.
10:	For unicast, the RX UE (re)starts the inactivity timer based on information in SCI (SCI1+SCI2).  FFS if the MAC layer can stop the inactivity timer.
11:	For unicast, the RX UE (re)starts the inactivity timer in the first slot after SCI (SCI1+SCI2) reception.
12:	For unicast, the TX UE maintains a timer corresponding to the SL Inactivity timer in the RX UE for each pair of src/dest L2 ID, and uses the timer as part of criterion for determining the allowable transmission time for the RX UE.
13:	For unicast, the TX UE (re)starts its timer corresponding to the SL inactivity timer at the RX UE at the slot following an SCI transmission indicating a new data transmission. FFS the specific spec impacts needed at the TX side.
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.
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.
18:	SL HARQ RTT timer and SL HARQ retransmission timer are maintained per SL HARQ process at the RX UE.
19:	Working assumption: SL HARQ RTT timer can be derived from the retransmission resource timing when the SCI indicates a retransmission resource. FFS whether explicitly configured SL HARQ RTT timer may be still required. If big problem is identified next meeting, we can revisit it.
20:	The value(s) of the SL HARQ RTT Timer, when explicitly configured and not determined via SCI (if agreed to do so), is determined by UE or NW implementation.
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.
22:	For transmissions with HARQ feedback, the RX UE starts the SL HARQ RTT timer in the symbol/slot following the end of PSFCH transmission.
23:	If the RX UE does not transmit PSFCH for a HARQ enabled transmission (e.g. due to UL/SL prioritization) the RX UE still starts the HARQ RTT timer in the symbol/slot following the end of PSFCH resource.
24:	For cases where there is some uncertainty in the timing of a retransmission for a HARQ process (e.g. due to no retransmission resource indicated in the SCI, or possible reselection by the TX UE) the RX UE uses a configured retransmission timer.
25:	Retransmission timer can be started upon expiry of the HARQ RTT timer.
26:	The value(s) of the SL retransmission timer can be determined by UE or NW implementation.
27:	The SL active time of the RX UE includes the time in which any of its applicable sl-drx-OnDuration(s), sl-DRXInactivityTimer(s), or sl-drx-RetransmissionTimer(s) are running.
28:	Working assumption: The slots when the UE is expected CSI report following a CSI request is considered as SL active time.
29:	RAN2 assumes LCP enhancements for ensuring a TX UE transmits data in the active time of an RX UE are needed. FFS on the resource (re)selection enhancements (e.g. limiting the resources to the active time for peer UE).
Based on the above agreements, there are still many left issues that need resolutions. In this contribution, we aim at further analysis and proposals on mechanisms of SL DRX configuration and FFS parts in chair’s notes.

2. Discussion
In the following subsections, we will discuss issues common for all cast types, issues specific to unicast, groupcast and broadcast separately and then provide our proposals.
2.1. Issues common for all cast types 
Issue 1: DRX duration calculation SFN v.s. DFN
In legacy Uu DRX operation, SFN of the cell would be used to determine when to start drx-onDurationTimer, as follows:
	1>	if the Short DRX cycle is used for a DRX group, and [(SFN × 10) + subframe number] modulo (drx-ShortCycle) = (drx-StartOffset) modulo (drx-ShortCycle):
2>	start drx-onDurationTimer for this DRX group after drx-SlotOffset from the beginning of the subframe.
1>	if the Long DRX cycle is used for a DRX group, and [(SFN × 10) + subframe number] modulo (drx-LongCycle) = drx-StartOffset:
2>	if DCP monitoring is configured for the active DL BWP as specified in TS 38.213 [6], clause 10.3:
3>	if DCP indication associated with the current DRX cycle received from lower layer indicated to start drx-onDurationTimer, as specified in TS 38.213 [6]; or
3>	if all DCP occasion(s) in time domain, as specified in TS 38.213 [6], associated with the current DRX cycle occurred in Active Time considering grants/assignments/DRX Command MAC CE/Long DRX Command MAC CE received and Scheduling Request sent until 4 ms prior to start of the last DCP occasion, or during a measurement gap, or when the MAC entity monitors for a PDCCH transmission on the search space indicated by recoverySearchSpaceId of the SpCell identified by the C-RNTI while the ra-ResponseWindow is running (as specified in clause 5.1.4); or
3>	if ps-Wakeup is configured with value true and DCP indication associated with the current DRX cycle has not been received from lower layers:
4>	start drx-onDurationTimer after drx-SlotOffset from the beginning of the subframe.
2>	else:
3>	start drx-onDurationTimer for this DRX group after drx-SlotOffset from the beginning of the subframe.
NOTE 2:	In case of unaligned SFN across carriers in a cell group, the SFN of the SpCell is used to calculate the DRX duration.


However, in sidelink operation, it should be clarified how the DRX duration would be calculated, e.g. based on TX/RX UE’s SFN/DFN. As we need to consider the UEs which are out-of-coverage and the UEs which are not synchronized to cells but GNSS, it is straightforward that the DFN should be consider in DRX duration calculation instead of SFN. For in-coverage UE, the SFN would also be converted into DFN.
[bookmark: _Ref71633567]Proposal 1	In sidelink operation, DFN is used to calculate the DRX duration instead of SFN, for both IC and OOC UEs.
Then it should be discussed whether DFN of TX UE or RX UE should be used. Generally, it can be categorized as two cases:
1. TX UE and RX UE have different synchronization reference source. E.g., TX UE and RX UE are synchronized to cells with different SFN, or TX UE and RX UE are synchronized to a cell and GNSS respectively, which are not synchronized to each other.
1. TX UE and RX UE have same synchronization reference source. E.g., TX UE and RX UE are synchronized to cells with same SFN, or TX UE and RX UE are both synchronized to GNSS.
For case b, as TX UE and RX UE have same synchronization reference source, it is straightforward that the same DFN should be used for DRX duration calculation, but we still need to clearly specify which UE’s DFN is used as DFN is a per-UE concept. 
For unicast, as we haven’t agreed on the manner of DRX configuration of TX or RX-centric, it is reasonable and simple that is can be based on DFN of the UE who sends DRX configuration to the other one.
For groupcast/broadcast, as there is no interactive message defined yet between TX and RX UEs, and both TX UE and RX UE acquire the DRX configuration from SIB/pre-configuration, it can be left to the UE’s own DFN to calculate the DRX duration.
For case a, however, it should be further discussed. In Rel-16, the case that NR-V2X UEs having different Tx-Sync was discussed and the following understanding is reached:
	RAN2 #113bis-e meeting chairman notes:
· RAN2 understands in Rel-16, there may be some cases where R16 NR-V2X UEs having different Tx-Sync may fail to communicate with each other for both FB enabled and disabled cases. There will be no specification impacts in this release. 


[bookmark: _Ref71633555]Observation 1	RAN2 understands in Rel-16, there may be some cases where R16 NR-V2X UEs having different Tx-Sync may fail to communicate with each other.
If we follow the Rel-16 design, when NR-V2X UEs having different Tx-Sync fail to communicate with each other, of course the DRX operation is not valid as well because it is on top of normal communications. However, as we are saying the communication just ‘MAY’ to fail, and consider the DRX operation is only RX UE behaviour, it can also be discussed whether the DRX operation is still valid when UEs have different synchronization reference source, and if so, how the DRX duration should be calculated, e.g. based on TX or RX UE DFN. On the other hand, as we haven’t agreed on the manner of DRX configuration of TX or RX-centric, this can also be considered in this issue. so there may be possible options as follows:
· Based on TX UE DFN;
· Based on RX UE DFN;
· Based on DFN of the UE who sends DRX configuration to the other one.
Although the options can be discussed if companies agree to consider DRX in case when UEs having different Tx-Sync in Rel-17, we actually slightly prefer to take Rel-16 as baseline, i.e., we only consider DRX when UEs having same Tx-Sync. 
[bookmark: _Ref71633568]Proposal 2	RAN2 focus on the discussing the scenario that UEs have same synchronization reference source for SL DRX operation.
[bookmark: _Ref71633570]Proposal 3	For unicast, DFN of the UE who sends DRX configuration to the other one is used to calculate the DRX duration.
[bookmark: _Ref71633571]Proposal 4	For groupcast/broadcast, the TX UE uses its own DFN to calculate the DRX duration, and RX UE uses its own DFN to calculate the DRX duration as well.
Issue 2: Details of SL DRX timer
In Uu, DRX related timers have the following units/values:
· The unit of drx-LongCycle and drx-StartOffset is millisecond. 
· The values of drx-onDurationTimer are in multiples of 1/32 ms (subMilliSeconds) or in ms (milliSecond).
· The values of drx-SlotOffset are in multiples of 1/32 ms. 
· The values of drx-InactivityTimer are in multiple integers of 1 ms.
Meanwhile, 
· The values of drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL are in number of symbols of the BWP where the transport block was received/transmitted.
· The values of drx-RetransmissionTimerDL and drx-RetransmissionTimerUL are in number of slot lengths of the BWP where the transport block was received/transmitted.
Although SL DRX can be designed separately from the Uu DRX, e.g. units of timers, different units between SL DRX timer and Uu DRX timer may cause non-alignment issues, e.g. not aligned with each other completely or extra complexity for mode 1 TX UE scheduling.
Hence, we propose that SL DRX timers can follow similar units with Uu DRX timers.
[bookmark: _Ref71633572]Proposal 5	RAN2 to confirm that SL DRX timers take the units of Uu DRX timers as baseline:
· sl-drx-LongCycle and sl-drx-StartOffset in millisecond.
· sl-drx-onDurationTimer in multiples of 1/32 ms (subMilliSeconds) or in ms (milliSecond). 
· sl-drx-SlotOffset in multiples of 1/32 ms.
· sl-drx-InactivityTimer in multiple integers of 1 ms.
· sl-drx-HARQ-RTT-Timer in number of symbols where the transport block was received, if configured.
· sl-drx-RetransmissionTimer in number of slot lengths where the transport block was received.
Furthermore, the starting point of each Uu DRX timer has the following characteristics:
Slot granularity:
· drx-onDurationTimer: start drx-onDurationTimer for this DRX group after drx-SlotOffset from the beginning of the subframe.
Symbol granularity:
· drx-InactivityTimer: start or restart drx-InactivityTimer for this DRX group in the first symbol after the end of the PDCCH reception.
· drx-HARQ-RTT-TimerDL/UL: e.g. start the drx-HARQ-RTT-TimerDL for the corresponding HARQ process in the first symbol after the end of the corresponding transmission carrying the DL HARQ feedback;
· drx-RetransmissionTimerDL/UL: e.g. start the drx-RetransmissionTimerDL for the corresponding HARQ process in the first symbol after the expiry of drx-HARQ-RTT-TimerDL.
For SL DRX timers, except for onDuration timer which should keep the starting point at slot granularity as Uu and Inactivity timer agreed the starting point at slot grnularity, we understand that it is feasible that the rest of SL DRX timers can use the starting point at symbol granularity or slot granularity from the sidelink perspective.
[bookmark: _Ref71633573]Proposal 6	RAN2 to decide whether other SL DRX timers except for onDuration timer and Inactivity timer (always starting at slot granularity) use the starting point at symbol granularity as Uu or at slot granularity as a new rule for SL.
The second issue is how to handle sidelink resource pools when calculate SL DRX active time based on the related timers. In Uu DRX, we understand that timers are consecutive and only PDCCH subframes are considered. In SL, resource pools are usually not consecutive. Some companies proposed that only subframes/slots within the configured resource pools will be calculated into SL DRX timers and total valid subframes/slots of DRX timers kept constant, i.e. non-consecutive SL DRX timers counting. But we think these non-consecutive calculations for SL DRX timers will increase big complexity for both TX UE and RX UE without obvious benefits. Furthermore, itNW must be up to NW to guarantee the synchronized configuration of resource pools between TX UE and RX UE. Otherwise, communication will fail due to that active time calculated in TX and RX may be different, even completely non-overlap. Hence, Uu rule can be baseline, i.e. SL DRX timers counting are consecutive and only consider the valid subframes/slots within the configured resource pools, e.g. some subframes/slots not used to transmit user data will be excluded.
[bookmark: _Ref71633575]Proposal 7	RAN2 to confirm that SL DRX timers counting are consecutive and only consider the valid subframes/slots within the configured resource pools.
Issue 3: TX UE behaviours
In Uu DRX, the peer node of UE is gNB. The behaviors of gNB do not need to be specified. But the behaviors of gNB is decided by UE’s DRX timers and related operations. Synchronization on active time between UE and gNB is definite.
In SL DRX, the peers are all UEs. From the perspective that UE behaviors need to be specified, TX UE behaviors should be specified. But our concern is specified TX UE behaviors may be almost the mirror/copy of RX UE behaviors. Lots of specification effort are meaningless. On the other hand, specified TX UE behaviors is better to find and handle some abnormal cases, e.g. transmission failure or state asynchronization cases. 
[bookmark: _Ref71633577]Proposal 8	RAN2 to decide whether the behaviours of TX UE should be specified in details as RX UE or just specified that TX UE should have aligned behaviours with RX UE and details left to smart UE implementation.
Issue 4: L2 ID misunderstanding issue
Similar as Uu, RAN2 had agreed for SL unicast DRX that the RX UE (re)starts the inactivity timer based on information in SCI (SCI1+SCI2). As we know, only truncated parts of L2 ID are included in SCI, i.e. 16-bit destination L2 ID and 8-bit source L2 ID from the total 24-bit for both destination L2 ID and source L2 ID. The rest of L2 ID are included in MAC header, i.e. 8-bit destination L2 ID and 16-bit source L2 ID. That is to say, there may be some probability of false detection, e.g. the L2 ID parts in SCI is right/matched but later it is found to be wrong/mismatched after decoding MAC header. This issue needs to be handled in RAN2.
From our view, the time point of SCI (SCI1 + SCI2) reception is consistent-understood by TX UE and RX UE(s). The (re)starting point of inactivity timer based on SCI reception is accurate for two peers. Hence the (re)starting point of inactivity timer should be based on the SCI reception, e.g. in the first symbol after the end of the SCI (SCI2) reception. Later, if the rest of L2 IDs in MAC header is also matched which is the expected case, no extra behavior is needed, i.e. maintaining the current inactivity timer as it is. If the rest of L2 IDs in MAC header is not matched which is the false-detection case, the previous inactivity timer should be stoped. But there is a complex scenario that the inactivity timer has been restarted once more upon a new SCI reception. We give an simple illustations and expected behaviors about consecutive SCI reception cases with the basic assumption that L1 IDs of these SCI are matched.
Table 1 Examples for consecutive SCI reception cases
	
	The first SCI
	The second SCI

	Case 1:
	Matched in MAC header
	Unmatched in MAC header

	Case 2:
	Unmatched in MAC header
	Unmatched in MAC header

	Case 3:
	Unmatched in MAC header
	Matched in MAC header

	Case 4:
(No extra behavior)
	Matched in MAC header
	Matched in MAC header




Figure 1 Illustrations for L2 ID mismatching issues
In the above case 1, the inactivity timer triggered by the first SCI reception is right/matched, which should be kept. The inactivity timer trigger by the second SCI reception is wrong/unmatched, which should be stopped. In case 2, the inactivity timer triggered by the first SCI reception is wrong/unmatched, which should be stopped. The inactivity timer trigger by the second SCI reception is wrong/unmatched, which should also be stopped. In case 3, the inactivity timer triggered by the first SCI reception is wrong/unmatched, which should be stopped. The inactivity timer trigger by the second SCI reception is right/matched, which should be kept. Furthermore, the time point of second SCI reception should be in the period of original active time, otherwise TX UE will not send a new transmission. 
In summary, if L2 ID in MAC header is found to be unmatched, only the inactivity timer triggered by the same SCI reception should be stopped. If the inactivity timer is restarted by other SCI reception, it should not be touched. The new inactivity timer should be left to the second MAC header for correction.
[bookmark: _Ref71633579]Proposal 9	RAN2 to agree that the inactivity timer should be stopped after L2 IDs in MAC header is found mismatched only if the inactivity timer is not restarted by the second SCI reception.

2.2. Issues specific to Unicast
Issue 1: CSI reporting impacts 
About” working assumption: The slots when the UE is expected CSI report following a CSI request is considered as SL active time.”, we think the states and service of UE should be differentiated. If the UE has not power saving requirements or only uni-directional service exists, i.e. no DRX configuration /always monitoring in this UE for its receiving direction, no extra specification effort is needed. Only when the UE has DRX configuration for its receiving direction, new rule is needed for CSI reporting.
In the case that the UE has DRX configuration for its receiving direction, after the SCI carried CSI report request, till to the period of sl-LatencyBound-CSI-Report, the UE’s receiving direction should be in SL active time.
[bookmark: _Ref71633580]Proposal 10	RAN2 to agree that from the first symbol/slot after the end of SCI carried CSI report request, the transmitting UE’s receiving direction should be in DRX active time for the period of sl-LatencyBound-CSI-Report when the UE has DRX configuration for its receiving direction.
[bookmark: _Ref71633582]Proposal 11	If the TX UE has no power saving requirements or only uni-directional service exists, i.e. no DRX configuration /always monitoring in this UE for its receiving direction, no extra specification effort is needed to define DRX active time for CSI reporting.
Issue 2: SL DRX configuration for unicast
As in R16 V2X, SLRB related configuration can be obtained via three methods: dedicated RRC signalling for RRC-Connected TX UE, SIB for RRC-Idle/Inactive TX UE and preconfigured signalling for OOC TX UE.  SL DRX configuration is also a typical SL related configuration. Hence same acquisition method for SL DRX is reasonable.
[bookmark: _Ref71633583]Proposal 12	Similar to R16 V2X configuration acquisition, SL DRX parameters of TX UE comes from:
· Dedicated RRC signaling for RRC-Connected TX UE;
· SIB for RRC Idle/Inactive TX UE;
· Pre-configuration signaling for OOC TX UE.
In RRC-Connected mode, TX UE should report SL QoS flow combination to its serving cell via dediacted RRC signaling and the serving cell then decides and configures SL DRX parameters based on reported QoS flow combination. But for SIB and pre-configuration signaling, it is unreasonable to give SL DRX parameters based on QoS flow combination, i.e. one direction link level, since the number of QoS flow combinations may be very huge and flexible.
However unicast service must be composed of one or sevaral QoS flows. Each QoS flow will have standardized QoS profile or defined QoS profile since both standardized PQI values and non-standardized PQI values are applied by the UE for unicast. SIB/pre-configuration signaling can define a DRX parameter set for each QoS flow and TX UE select the final DRX parameter set based on pre-defined criteria, e.g. the most stringent parameters set. The following table gives an DRX configuration example based on standardized QoS flows. If a unicast service has one QoS flow of set 1, e.g. delay sensitive, no DRX can be configured, whereas DRX set 2, 3, 4, and 5 are traversed in turn and the most stringent DRX parameter set can be chosen.
	
	PQI
Value
	Default Priority Level
	Packet Delay Budget
	Packet Error
Rate 
	Example DRX parameters

	DRX Set 1
	91
	2
	3 ms
	10-5
	No DRX

	
	55
	3
	10 ms 
	10-4
	

	
	90
	3 
	10 ms
	10-4
	

	DRX Set 2
	21
	3
	20 ms

	10-4
	No DRX or 
10ms cyle + 2ms onDuration


	
	56
	6
	20 ms
	10-1
	

	
	57
	5
	25 ms 
	10-1
	

	DRX Set 3
	22
	4
	50 ms
	10-2
	32 ms cycle + 4ms onDuration

	DRX Set 5
	23
	3
	100 ms
	10-4
	64ms cycle + 6ms onDuration

	
	58
	4
	100 ms
	10-2
	

	DRX Set 5
	59
	6
	500 ms
	10-1
	320ms cycle + 10ms onDuration

	
	


For example, SL unicast service 1 includes QoS flows with PQI = 91(in DRX set 1), PQI = 21 (in DRX set 2) and PQI = 22 (in DRX set 3). Hence the final chosen DRX parameter set is DRX set 1, i.e. No DRX. SL unicast service 2 includes QoS flows with PQI = 57(in DRX set 2) and PQI = 59 (in DRX set 5). Hence the final chosen DRX parameter set is DRX set 2. 
In addition, DRX offset is an important parameter to distribute different active time for different UE pairs, which is better for resource efficiency and collision avoidance. If DRX offset is fixed in SIB/pre-configuration signaling for each DRX parameter set, all UE pairs which select same DRX parameter set will have aligned active time and the probability of resource collision will be increased. Hence random offset selection may be considered.
[bookmark: _Ref71633587]Proposal 13	DRX parameter configuration in SIB and pre-configuration may include the mapping of QoS flow to DRX parameters set and the most stringent DRX parameters set among multiple QoS flows mapping and random offset should be finally chosen. 
Issue 3: SL DRX alignment between two directions
From the perspective of SL communication scenarios and requirements, there are not only uni-directional services but also bi-directional services. For the uni-directional services, only one DRX pattern needs to be configured between a pair of UEs. But for the bi-directional services, if both two peers are P-UEs, two DRX patterns may need to be configured between a pair of UEs. For example, UE1 and UE2 establish a unicast PC5 RRC connection and transmit bi-directional services with two DRX patterns. It needs to be discussed whether alignment or coordination of these two DRX patterns is needed, e.g. active time of two DRX patterns may avoid collision (e.g. for half duplex issue and reduced UE complexity) and be close as much as possible. An example is shown in the following Figure 2.
[image: ] 
Figure 2 Two DRX pattern for bi-direction between a pair of UEs
In order to align active time between two directions, UE1 and UE2 can negotiate with each other to adjust some DRX parameters, e.g. DRX cycle offset. The baseline negotiation procedure can be:
· Step 1: TX UE 1 firstly sends DRX configuration of UE 1 -> UE 2 direction to RX UE 2. Optionally, there may be some parameters absence, e.g. DRX cycle offset, which means that RX UE 2 can decide these parameters by itself and return to TX UE 1 in the confirmation/complete message;
· Step 2: RX UE 2 may accept all of DRX parameters and send complete message to TX UE 1 for Acknowledgement. 
· Step 2-1: Additionally, UE 2 as a TX role meanwhile can carry the DRX configuration of the other direction, i.e. UE 2 -> UE 1, into the same message or separate message with complete message to UE 1;
· Step 2a: RX UE 2 may send updated DRX parameters, e.g. DRX cycle offset, to TX UE 1 for negotiation purpose. Then TX UE 1 accepts or rejects it. 
· Step 2a-1: Additionally, UE 2 as a TX role meanwhile can carry the DRX configuration of the other direction, i.e. UE 2 -> UE 1, into the same message or separate message with updated message to UE 1;
· Step 3: TX UE2 sends DRX configuration of the other direction, i.e. UE 2 -> UE 1, to RX UE 1, whose parameters are set based on alignment with received DRX parameters from UE 1 of UE 1 -> UE 2 direction;
· Step 4: RX UE 1 may accept all of DRX parameters and send complete message to TX UE 2 for Acknowledgement.
· Note: Step 2-1, step 2a-1 and step 3 will be one out of three. The former two mean interleaved bidirectional DRX configuration procedures. The last one shows serial bidirectional DRX configuration procedure.
We propose:
[bookmark: _Ref71633589]Proposal 14	RAN2 to confirm that details can be left to UE implementation for alignment between TX and RX UEs when interactive messages had been specified.
The second issue is active time overlapping, which causes by DRX active time of one direction extension, e.g. triggered by inactivity timer restarting, into the onDuration period of the other direction. In fact, this overlapping issue is not specific for TX and RX DRX pattern alignment. As long as two directions DRX patterns are configured, active time overlapping issue exists even though the positions of two onDuration are configured far from each other.  Figure 3 exemplifies the active time overlapping between two directions in unicast communication.


Figure 3 Active time overlapping between two directions
[bookmark: _Ref68189517]Due to the half-duplex constraint, a UE can only perform one direction during active time overlapping, the following potential prioritization rules can be considered when active time overlapping occurs:
· Compare the highest LCH priority between two directions, the direction with higher priority can be prioritized when overlapped;
· The direction with extended active time will be prioritized;
· The direction with starting active time will be prioritized;
· Negotiation of prioritized direction/rule with each other; 
It can be further studied and compared which rule(s) is reasonable and worth to be selected.
[bookmark: _Ref71633590]Proposal 15	RAN2 to decide the prioritization rule(s) when DRX active time overlapping between two directions occurs when the UEs cannot support transmission and reception simultaneously.
Furthermore, a RX UE may communicate with more than one TX UEs or it will also transmit PC5 data, different TX UEs transmission time or its reception/transmission time will need some coordination. For example, a RX UE will have the best power saving performance when all of its data reception from different TX UEs can be as concentrated as possible. The UE1, as a TX UE, has already a configured transmission pattern with its RX UE2, e.g. called RX UE2 DRX pattern = TX UE1 transmission pattern. When the UE1, as a RX UE, wants to receive another UE3’ PC5 data, RX UE1 DRX pattern can be configured. Active time of RX UE1 DRX pattern will avoid collision with the one of RX UE2 DRX pattern if the UE1 has not simultaneous transmission and reception capability. An example is shown in the following Figure 4. In order to achieve the above alignment or collision avoidance, DRX parameters negotiation mechanism between RX UE and TX UE, at least for unicast, may be also considered.
[image: ]
Figure 4 SL DRX pattern negotiation
This complex scenario can re-use the basic negotiation procedure between a pair of TX/RX UEs to achieve common alignment with multiple links. Each RX UE can suggest some new DRX parameters to its TX UE, e.g. DRX pattern offset. If TX UE accepts it, one negotiation procedure complete. There may be many negotiation procedures to align multiple links. Details can be left to UE implementation.
[bookmark: _Ref71633592]Proposal 16	Basic TX-RX DRX parameters negotiation procedure is defined per link/L2 ID pair.
Issue 4: SL DRX command MAC CE for unicast
RAN2 agreed SL DRX Command MAC CE is introduced for SL DRX operation in unicast in the last meeting, while the UE behavior is pending on the email discussion of SL DRX related timers. At least the SL DRX Command MAC CE format can be considered. 
In NR Uu, the DRX Command MAC CE is identified by a MAC subheader with LCID with zero MAC CE payload.  The control granularity of the DRX Command MAC CE is per UE/link. For NR sidelink unicast, there may be one or more unicast links established between two peers UEs, thus the control granularity of the SL DRX Command MAC CE should be per unicast link. According to Rel-16 NR V2X, each unicast link is identified by a specific Destination L2 ID. Therefore, the control granularity of the SL DRX Command MAC CE is per Destination L2 ID. 
Given that the Destination L2 ID of a SL MAC PDU is implicitly carried by SCI and MAC SL-SCH subheader, there is no need to duplicate the Destination L2 ID information in the SL DRX Command MAC CE payload.  From this perspective, the SL DRX Command MAC CE format can reuse the NR Uu DRX Command MAC CE, which is illustrated in below Figure 5.


Figure 5 Example of a SL MAC PDU carrying SL DRX Command MAC CE
Hence,
[bookmark: _Ref71633593]Proposal 17	The control granularity of the SL DRX Command MAC CE for unicast is per link/destination. The destination information is implicitly carried by SCI and MAC SL-SCH subheader.
[bookmark: _Ref71633594]Proposal 18	Similar to NR Uu, a new LCID in the MAC CE subheader with zero MAC CE payload is defined as the SL DRX Command MAC CE format for unicast.
2.3. Issues specific to Groupcast and Broadcast
Issue 1: support scenario for SL DRX Inactivity timer 
RAN2 agreed SL Inactivity timer is supported for groupcast in the last meeting.  However, the supported scenario is still FFS. Generally, there are 3 kinds of scenarios.
· Scenario 1: groupcast HARQ-enabled transmissions;
· Scenario 2: group configuration from upper layers (e.g. presence of group size/member ID);
· Scenario 3: certain types of transmissions (e.g. certain QoS/priority).
In scenario 1, the situation is much similar to unicast when HARQ is enabled and no big issues are foreseen to support this scenario. Besides, one of the major concerns to support SL DRX Inactivity timer for groupcast is for the case when some UEs join the group in the middle. Such UEs may miss the SCI transmitted by TX UE before and then miss some DRX active time started by SL Inactivity timer consequently. From this perspective, scenario 2 can be considered to support SL Inactivity timer since it is a connection managed group and has stable group size and members. Last but not the least, Inactivity timer is used to extend active time (i.e. transmit data timely) upon continuous arrival of data and avoid delaying these data to the next cycle. With an assumption that there are 19 UEs in the group with good link quality and 1 newest UE or with bad link quality, w/o SL DRX Inactivity timer configuration means that the data of the 19 UEs may be delayed to next DRX cycle due to the 1 newest/bad UE, which results in Undesirable service down gradation. Therefore, scenario 3 should also be supported considering some service with certain QoS e.g., which is latency critical. Although all above 3 scenarios are possible to be supported, we prefer not take more time to discuss additional mechanism on how to identify the specific scenario when SL DRX Inactivity timer can be configured or not. Smart UE implementation can just take into account of the beneficial scenarios and enable the usage of SL DRX Inactivity timer if configured.
[bookmark: _Ref71633597]Proposal 19	The following are all possible scenarios to support SL DRX Inactivity timer, and NO additional mechanism to identify the specific scenario when SL DRX Inactivity timer can be configured or not.
· groupcast HARQ-enabled transmissions; 
· group configuration from upper layers (e.g. presence of group size/member ID);
· certain types of transmissions (e.g. certain QoS/priority).
Issue 2: SL DRX cycle configuration 
The proposals marked with [EASY] in offline summary of DRX configuration for SL groupcast and broadcast are listed as below [2]. 
[EASY] WA: RAN2 assumes that 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, as per TR 23.776 conclusion, and will further discuss SL DRX design based on this working assumption. RAN2 does not need to send LS to SA2 to clarify this issue.
[EASY]Proposal 1-1:[16/20]For GC/BC, RAN2 understands that DRX cycle should take at least QoS requirement into consideration.
[bookmark: OLE_LINK1][EASY]Proposal 1-3:[15/20]For GC/BC, if DRX cycle is configured per PQI/QoS, and if UE has multiple PQIs for same DST L2 ID, UE needs to down-select one DRX cycle from available DRX cycles for a specific L2 DST ID, FFS on how to down-select the DRX cycle or leave it to UE implementation.
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]The above proposals are postponed mainly due to lack of online time. However, we assume they are all agreeable. Hence, we further analyze the highlighted FFS point based on the assumption of above easy proposals.
There are 2 options on the table in general:
· Option1: Leave to UE implementation;
· Option2: Down-select one DRX cycle from available DRX cycles for a specific L2 DST ID.
In option 1, as for SL groupcast and broadcast there is no PC5 RRC signaling, RX UE cannot know which DRX cycle is finally selected by TX UE. It also means that misalignment of DRX active time between TX UE and RX UE can arise, which causes QoS down gradation as a consequence of missing packet reception by RX UE. Therefore, we don’t think option 1 is a feasible solution. While in option 2, at least some rule on down-selecting one DRX cycle from available DRX cycles for a specific L2 DST ID needs to be specified. Moreover, if the down-selection rule is fixed, the final DRX cycle which is applied by TX UE can be derived by RX UE, which avoids the misalignment issue in option 1. As above, option 2 is preferred.
Moreover, we further consider how to do the down selection of one DRX cycle from available DRX cycles for a specific L2 DST ID, assuming that DRX cycle is configured per PQI/QoS, and UE has multiple PQIs for same DST L2 ID. There can be 2 alternatives:
· [bookmark: OLE_LINK2][bookmark: OLE_LINK3]Alt 1: Based on the most stringent QoS, i.e., first decide which PQI among the multiple PQIs has the most stringent QoS, and then use the DRX cycle associated the selected PQI;
· Alt 2: Based on the shortest DRX cycle, i.e., first decide all available DRX cycles associated with each PQI and then use the shortest DRX cycle among all available DRX cycles.
Both alternatives are feasible but we slightly prefer Alt 2, which avoids further discussion on the definition of what the most stringent QoS is e.g., the PQI whose priority level is highest, and/or whose PDB is lowest, and/or whose PRR is highest etc. 
[bookmark: _Ref71633598]Proposal 20	For GC/BC, if DRX cycle is configured per PQI/QoS, and if UE has multiple PQIs for same DST L2 ID, how to down-select one DRX cycle from available DRX cycles for a specific L2 DST ID needs to be specified.
[bookmark: _Ref71633600]Proposal 21	For GC/BC, RAN2 to discuss which alternative is adopted for down-selecting one DRX cycle from available DRX cycles for a specific L2 DST ID.
· Alt 1: Based on the most stringent QoS, i.e., first decide which PQI among the multiple PQIs has the most stringent QoS, and then use the DRX cycle associated the selected PQI;
· Alt 2: Based on the shortest DRX cycle, i.e., first decide all available DRX cycles associated with each PQI and then use the shortest DRX cycle among all available DRX cycles.
Issue 3: SL DRX offset configuration
The following proposals related to DRX startoffset configuration are summarized in offline summary as below [2]:
Proposal 2-1:[13/20] For GC/BC, RAN2 understands that sl-drx-startoffset does not take QoS requirement into consideration.
Proposal 2-2:[13/20]For GC/BC, For GC/BC, sl-drx-startoffset is set based on DST L2 ID, FFS on whether it is configured per DST L2 ID[12/20] or per DST L2 ID group[9/20], or by some other means.
The above proposals are also postponed due to lack of online time. We are supportive for the above proposals and want to further analyze details on the highlighted FFS point.
According to the offline discussion and contribution review, the potential solutions on how to decide the SL DRX offset for a specific L2 DST ID are summarized as follows:
· Option 1: explicit mapping configuration
· Option 1-1: SL DRX offset configured per DST L2 ID
· [bookmark: OLE_LINK6][bookmark: OLE_LINK7]Option 1-2: SL DRX offset configured per DST L2 ID group
· Option 2: implicit derivation way
· Option 2-1: DST L2 ID applied as an input to some equation in the determination of SL DRX offset
In option 1, the precondition is that either the NW has to get knowledge of the DST L2 IDs of the on-going groupcast and broadcast services in advance, or the NW has to blindly configure the full set of the DST L2 IDs. For the former choice (i.e., the NW has to get knowledge of the DST L2 IDs of the on-going groupcast and broadcast services in advance), it is not practical because there are RRC IDLE and RRC INACTIVE UEs who doesn’t have connection to the NW and cannot report the on-going DST L2 IDs. It is also not reasonable to mandate all the RRC IDLE and RRC INACTIVE UEs to enter RRC CONNECTED just for the DST L2 IDs reporting. 
For the latter choice (i.e., the NW has to blindly configure the full set of the DST L2 IDs), the SIB signaling overhead brings strong concern. Since the number of DST L2 IDs can be up to 2^24. the SIB signaling overhead is not acceptable, especially by option 1-1. Option 1-2 alleviates the signaling overhead by grouping the DST L2 IDs to some extent. However, there is still some complexity in implementing option 1-2. For example, how to group the DST L2 IDs and notify to the UEs in RRC IDLE and RRC INACTIVE? Additional signaling overhead in SIB may still be inevitable.
In option 2, a UE only needs to implement some equation associated with SL DRX offset similar to what we have in MAC, by substituting DST L2 ID into the equation. This implies that, configuring the basic parameter used in the equation is enough. By such implicit derivation way, the potential signaling overhead can be resolved.
In consideration of minimizing the SIB signaling overhead to decide the SL DRX offset for a specific L2 DST ID, option 2 is preferred compared with option 1-1 and 1-2.
[bookmark: _Ref71633601]Proposal 22	For GC/BC, SL DRX offset is set based on DST L2 ID in a derivation way, i.e., DST L2 ID applied as an input to some equation in the determination of SL DRX offset. FFS on the details of the equation.
Issue 4: Support of SL DRX Command MAC CE for groupcast
Whether to support SL DRX Command MAC CE for groupcast is left as a FFS issue from the RAN2 #113-e meeting. In groupcast scenario, any group member can be TX UE or RX UE, and thus, the usage of SL DRX Command MAC CE among a group of UEs is not that efficient in most of the time and may cause much signalling overhead. Moreover, the group leader and member managed in application layer don’t necessarily mean the sender or receiver of the SL DRX Command MAC CE. Who is sending or receiving the SL DRX Command MAC CE in groupcast could be a much more complex issue than in unicast scenario. From overall viewpoint, we don’t see any necessity and benefit in using SL DRX command MAC CE for groupcast. Therefore, we suggest not to support SL DRX Command MAC CE for groupcast.
[bookmark: _Ref71633602]Proposal 23	For Groupcast, SL DRX Command MAC CE is NOT supported. 
3. Conclusion
This contribution further discussed left issues on SL DRX for unicast, groupcast and broadcast. Our observations and proposals are summarized as follows:
Observation 1	RAN2 understands in Rel-16, there may be some cases where R16 NR-V2X UEs having different Tx-Sync may fail to communicate with each other.
Issues common for all cast types
Proposal 1	In sidelink operation, DFN is used to calculate the DRX duration instead of SFN, for both IC and OOC UEs.
Proposal 2	RAN2 focus on the discussing the scenario that UEs have same synchronization reference source for SL DRX operation.
Proposal 3	For unicast, DFN of the UE who sends DRX configuration to the other one is used to calculate the DRX duration.
Proposal 4	For groupcast/broadcast, the TX UE uses its own DFN to calculate the DRX duration, and RX UE uses its own DFN to calculate the DRX duration as well.
Proposal 5	RAN2 to confirm that SL DRX timers take the units of Uu DRX timers as baseline:
· sl-drx-LongCycle and sl-drx-StartOffset in millisecond.
· sl-drx-onDurationTimer in multiples of 1/32 ms (subMilliSeconds) or in ms (milliSecond). 
· sl-drx-SlotOffset in multiples of 1/32 ms.
· sl-drx-InactivityTimer in multiple integers of 1 ms.
· sl-drx-HARQ-RTT-Timer in number of symbols where the transport block was received, if configured.
· sl-drx-RetransmissionTimer in number of slot lengths where the transport block was received.
Proposal 6	RAN2 to decide whether other SL DRX timers except for onDuration timer and Inactivity timer (always starting at slot granularity) use the starting point at symbol granularity as Uu or at slot granularity as a new rule for SL.
Proposal 7	RAN2 to confirm that SL DRX timers counting are consecutive and only consider the valid subframes/slots within the configured resource pools.
Proposal 8	RAN2 to decide whether the behaviours of TX UE should be specified in details as RX UE or just specified that TX UE should have aligned behaviours with RX UE and details left to smart UE implementation.
Proposal 9	RAN2 to agree that the inactivity timer should be stopped after L2 IDs in MAC header is found mismatched only if the inactivity timer is not restarted by the second SCI reception.
· groupcast HARQ-enabled transmissions; 
· group configuration from upper layers (e.g. presence of group size/member ID);
· certain types of transmissions (e.g. certain QoS/priority).
Issues specific to Unicast
Proposal 10	RAN2 to agree that from the first symbol/slot after the end of SCI carried CSI report request, the transmitting UE’s receiving direction should be in DRX active time for the period of sl-LatencyBound-CSI-Report when the UE has DRX configuration for its receiving direction.
Proposal 11	If the TX UE has no power saving requirements or only uni-directional service exists, i.e. no DRX configuration /always monitoring in this UE for its receiving direction, no extra specification effort is needed to define DRX active time for CSI reporting.
Proposal 12	Similar to R16 V2X configuration acquisition, SL DRX parameters of TX UE comes from:
· Dedicated RRC signaling for RRC-Connected TX UE;
· SIB for RRC Idle/Inactive TX UE;
· Pre-configuration signaling for OOC TX UE.
Proposal 13	DRX parameter configuration in SIB and pre-configuration may include the mapping of QoS flow to DRX parameters set and the most stringent DRX parameters set among multiple QoS flows mapping and random offset should be finally chosen.
Proposal 14	RAN2 to confirm that details can be left to UE implementation for alignment between TX and RX UEs when interactive messages had been specified.
Proposal 15	RAN2 to decide the prioritization rule(s) when DRX active time overlapping between two directions occurs when the UEs cannot support transmission and reception simultaneously.
Proposal 16	Basic TX-RX DRX parameters negotiation procedure is defined per link/L2 ID pair.
Proposal 17	The control granularity of the SL DRX Command MAC CE for unicast is per link/destination. The destination information is implicitly carried by SCI and MAC SL-SCH subheader.
Proposal 18	Similar to NR Uu, a new LCID in the MAC CE subheader with zero MAC CE payload is defined as the SL DRX Command MAC CE format for unicast.
Issues specific to Groupcast and Broadcast
Proposal 19	The following are all possible scenarios to support SL DRX Inactivity timer, and NO additional mechanism to identify the specific scenario when SL DRX Inactivity timer can be configured or not.
Proposal 20	For GC/BC, if DRX cycle is configured per PQI/QoS, and if UE has multiple PQIs for same DST L2 ID, how to down-select one DRX cycle from available DRX cycles for a specific L2 DST ID needs to be specified.
Proposal 21	For GC/BC, RAN2 to discuss which alternative is adopted for down-selecting one DRX cycle from available DRX cycles for a specific L2 DST ID.
· Alt 1: Based on the most stringent QoS, i.e., first decide which PQI among the multiple PQIs has the most stringent QoS, and then use the DRX cycle associated the selected PQI;
· Alt 2: Based on the shortest DRX cycle, i.e., first decide all available DRX cycles associated with each PQI and then use the shortest DRX cycle among all available DRX cycles.
Proposal 22	For GC/BC, SL DRX offset is set based on DST L2 ID in a derivation way, i.e., DST L2 ID applied as an input to some equation in the determination of SL DRX offset. FFS on the details of the equation.
Proposal 23	For Groupcast, SL DRX Command MAC CE is NOT supported.
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