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[bookmark: _Ref488331639]Introduction
[bookmark: _Ref178064866]This paper is to discuss the left issues on sidelink DRX configuration and DRX timers. 
Who to configure?
DRX for Broadcast and Groupcast
According to RAN2#113e agreement, the only FFS point for BC/GC DRX configuration is whether dedicated-RRC can be used for RRC_CONNECTED TX-UE/RX-UE.
Firstly, one should exclude the case of SIB delivery using dedicated-RRC, which is still based on the cell-specific SIB information, i.e., not UE-specific configuration.
Proposal 1 [bookmark: _Toc71622412]For SL broadcast/groupcast, for in-coverage case, for RRC_CONNECTED TX-UE/RX-UE can obtain DRX configuration from SIB (which can be delivered via dedicated-RRC signalling).
[bookmark: _Toc59021316][bookmark: _Toc59021463][bookmark: _Toc59031912]Secondly, whether UE-specific RRC is feasible:
· it is obviously not feasible for Rx-UE, since data delivery group-cast and broadcast is naturally not per-UE;
· it could be feasible for Tx-UE, i.e., it can be used to configure per-UE TX resources, as a subset of RX-resources allowed by the DRX configuration for RX-UE;
But then if one for the latter point goes for the UE-specific DRX configuration, it should be achievable already by configuring UE-specific TX pool (mode-2) or via UE-specific SL grant provisioning (mode-1).
[bookmark: _Toc71535402]The UE-specific DRX for RX-UE is not feasible, and the UE-specific DRX for TX-UE is already feasible by configuring TX resource (pool) in a UE-specific manner.
Proposal 2 [bookmark: _Toc71622413]For SL broadcast and groupcast, do not pursue dedicated-RRC based UE-specific DRX configuration for RRC_CONNECTED TX-UE/RX-UE.
DRX for Unicast
For Unicast, before digging into DRX configuration, it is helpful to re-screen the signalling flow


Figure 2 Signaling flow chart for SL unicast link establishment
The first question is how to implement the DRX for the PC5-S / PC5-RRC messages before AS-layer configuration. One straightforward solution is to rely on default configuration, i.e., non-DRX before each UE getting the dedicated configuration via PC5-RRC. E.g.,
For DCR message, 
1. If it is sent in broadcast manner, it can follow the DRX mechanism for broadcast message, i.e., UE1 sending the PC5-S message to UE2 using broadcast resource pool, for which the power saving gain comes from the sparse resource pool.
2. If it is sent in unicast manner, a default DRX configuration is needed, which has to be pre-known by Tx UE, e.g., a pre-defined On-duration, which can be derived by Rx-UE. 
A. If the on-duration is within the DRX on-duration for broadcast and if assuming the UE would anyway monitor broadcast traffic, there is nothing to be done. 
B. Otherwise, further optimization can be considered, e.g., based on the ID of Rx-UE to allow UE-specific on-duration for signalling overhead evenly distribution.
Proposal 3 [bookmark: _Toc65139453][bookmark: _Toc65140567][bookmark: _Toc65140836][bookmark: _Toc65140876][bookmark: _Toc65143897][bookmark: _Toc71622414]For DCR message, follow DRX for SL broadcast.
Afterward, for the other PC5-S messages (SMC, SMC-ACK, DCA) and PC5-RRC messages (UECapabilityEnquirySidelink, UECapabilityInformationSidelink), the two UEs communicate without DRX, i.e., continuous reception is used. Until the reception of RRCReconfigurationSidelink, DRX can be enabled afterward.
Proposal 4 [bookmark: _Toc71622415]For SL unicast, after receiving DCR message and before DRX configuration is configured successfully via PC5-RRC, the two UEs exchange data/signaling in non-DRX manner. 
Then the problem is just which side to make the final decision on this, either Tx-UE side (or the network behind Tx-UE) or the Rx-UE side (or the network behind Rx-UE):


  
Figure 3 Unicast DRX configuration (Left: Tx-UE centric, Right: Rx-UE centric)
Comparing the two approaches, 
	Disadvantage
	If rely on Rx-UE to control the DRX configuration
	If rely on Tx-UE to control the DRX configuration

	1
	Two RX-UE may require a TX-UE to send data on the same resource, but that is infeasible since TX-UE can only perform one single transmission at one slot.
	different TX-UE may require a same RX-UE to wake up at different time, so increase the power consumption.

	2
	It violates the sidelink design framework of “Tx-centric” since Rel-12, i.e., Tx-UE itself (or the network behind) to decide on the transmission. In more detail, the Rx-UE has no information on Tx-side traffic characteristics and resource configuration. Signaling-wise, currently PC5-RRC design is to rely on TX-UE to configure SDAP/PDCP/RLC/MAC/PHY configuration. If DRX configuration becomes an exceptional case, i.e., only this parameter is configured by Rx-UE, then when there is any causality / coupling between DRX and other parameters, it becomes a chicken-and-egg issue, i.e., two related parameters configured by two separate entities (i.e., TX-UE and RX-UE), which may further cause discussion / work on how to coordinate between the two entities
	

	3
	Without information of Tx-side traffic characteristics and resource configuration, it is not feasible to rely on Rx-UE to make a final decision on the DRX configuration 
	


I.e., it seems TX-centric approach has more (less) advantages (disadvantages), especially considering that the only disadvantage can be alleviated by assistance information from RX-UE.
[bookmark: _Toc71535403]TX-centric approach have more (less) advantages (disadvantages) than RX-centric approach.
To mimic DRX configuration of Uu interface in RRC_CONNECTED state, for unicast, DRX-configuration as a part of AS-layer configuration, can be configured using PC5-RRC procedure for AS-layer configuration, which has been introduced in R16. In details:
· UE2 sends the DRX configuration to UE1, in order to configure the DRX parameter for UE2=>UE1 direction;
· UE1 sends the DRX configuration to UE2, in order to configure the DRX parameter for UE1=>UE2 direction;
In this way, the R16 configuration framework is kept, and DRX-configuration support is just to add the MAC layer parameters to the AS-layer configuration PC5-RRC procedure.
On the other hand, since the power saving gain is mainly at Rx-UE side, which should have a chance to express its preference on the resources from power efficiency perspective. It is similar to the UAI message utilized in Uu interface to suggest DRX configuration from UE perspective.


Figure 4 Unicast DRX configuration with assistance of DRX-Pattern Preference from Rx-UE
Proposal 5 [bookmark: _Toc71622416]For SL unicast, rely on TX-UE to configure the per-direction DRX via PC5-RRC, taking into account of assistance information from RX-UE.
When it comes to network involvement, regardless of whether TX-centric or RX-centric approach is adopted, there is 
· One UE (or the network behind) to decide on the SL DRX configuration, e.g., UE-A in the figure below; and
· The other UE (or the network behind) to follow the SL DRX configuration, e.g., UE-B in the figure below;
So in the following figure, it can be seen that


Figure 1 DRX configuration and coordination between Uu/SL-DRX
· For UE-A (controlling UE), the serving network is the one sending out SL-DRX, so the coordination between SL-DRX and Uu-DRX is up to network implementation;
· For UE-B (controlled UE), for the serving network to coordinate between SL-DRX and Uu-DRX, the SL-DRX needs to be sent to the network by UE-B.
[bookmark: _Toc61348423][bookmark: _Toc71535404]For SL unicast, for the UE deciding on the SL-DRX, its serving network can coordinate between SL-DRX and Uu-DRX by implementation.
Proposal 6 [bookmark: _Toc61348426][bookmark: _Toc71622417]For SL unicast, for UE-B who receives SL-DRX configuration via RRCReconfigurationSidelink from the other UE-A, UE-B reports the received SL-DRX to network for network to decide Uu-DRX in a coordinated manner.
On the other hand, it is not preferred to let one UE to decide on the DRX parameter by its own:
· For TX-centric approach, it is not preferred to let Tx-UE (or the network behind) to decide by its own, since the power saving gain is mainly at Rx-UE side, which should have a chance to express its preference on the resources from power efficiency perspective.
· For RX-centric approach, it is not preferred to let Rx-UE to decide by its own either, since the TX resources and traffic pattern information is under control by Tx-UE.
Furthermore, 
· If UE-A is in RRC_CONNECTED state, the preference is to be sent to the serving network, for it to decide on the proper DRX configuration;
· Or if UE-A in RRC_INACTIVE/IDLE state which is to receive paging message, the Uu DRX coordination can be implemented by UE-A implementation, i.e., to coordinate with the Uu paging occasion, when deciding on SL-DRX configuration;
Considering this, there should be one chance to let the controlled UE to express its preference to the controlling UE, for the controlling UE to make a compatible decision on the DRX parameter


Figure 2 DRX configuration and coordination between Uu/SL-DRX (w/ preference from UE-B)
Proposal 7 [bookmark: _Toc61348427][bookmark: _Toc71622418]For SL unicast, UE-B sends the SL-DRX preference information to UE-A, and the UE-A (if in RRC_CONNECTED state) forward the SL-DRX preference information to its serving network.
How to configure?
Granularity for DRX settings
Unicast
For unicast, since the per-direction approach has been agreed,
5: 	For unicast, for OOC scenario, adopt per-direction DRX configuration is as baseline. FFS on whether it is TX-centric or Rx-centric, i.e. TX UE or RX UE decides it.
It should be applicable to the definition of long DRX cycle, on-duration timer and DRX offset. And there is no need for per-QoS configuration
7:	For unicast, the SL inactivity timer value may take into consideration the QoS.  Whether any specification impacts are needed is FFS.
Proposal 8 [bookmark: _Toc71622419]For SL unicast, long DRX cycle, on-duration timer length, DRX offset, inactivity timer and RTT/Re-transmission timer are all configured per-link-and-per-direction. RAN2 not pursue per-QoS SL-DRX configuration for unicast.
Groupcast / Broadcast
Based on the RAN2#113e agreement, 
2:	RAN2 will study/discuss how PQI and/or L2 destination ID is used to derive groupcast and broadcast DRX configuration.
The key FFS point is on whether PQI or L2 ID based configuration can be applied to groupcast and broadcast DRX configuration.
On the one hand, the benefit for L2 ID based approach seems to balance the load between different services, i.e., different services at different time domain using different offset, i.e., more related to the on-duration timer length and DRX offset, but not for long DRX cycle, for which the setting is more based on the PDB requirement, i.e., QoS dependent;
[bookmark: _Toc65072901][bookmark: _Toc67478411][bookmark: _Toc68250488][bookmark: _Toc71535405]L2 ID approach does not apply to long DRX cycle length setting.
On the other hand, even from load balancing perspective, it is questionable whether the L2 ID based approach works. The premise for L2 ID based approach is that it can know the load status for each L2 ID, because
1) One cannot assume the load for each L2 ID is equal, e.g., vendors/operators may assign L2 ID since either the least / most significant bits, considering at the initial deployment stage, there might be a limited number of services running in the system;
2) For broadcast, the usage of default L2 ID means at least the load on default L2 ID cannot be predictable;
3) For groupcast, the usage of the hash algorithm means it is hard to reversely derive the load distribution of L2 ID
[bookmark: _Toc65072902][bookmark: _Toc67478412][bookmark: _Toc68250489][bookmark: _Toc71535406]It is infeasible to predict the load for each L2 ID, so L2 ID does not apply to the on-duration timer length setting.
The only left parameter that can be up to L2 ID is the offset, since even if one configures offset in a per-QoS manner, it is not rigorous since it is hard to predict the number of service (i.e., number of L2 ID) that make use of this QoS. So in order for load balancing, one can simply use a formula to distribute the load of each L2 ID in time domain evenly, similar to what was designed for PO calculation, e.g.,
Offset = L2-destination-address MOD Number-slots-in-a-DRX-cycle
Proposal 9 [bookmark: _Toc65073786][bookmark: _Toc67478402][bookmark: _Toc68250504][bookmark: _Toc71622420]For SL groupcast and broadcast, offset is calculated from L2 destination address using defined formula.
Proposal 10 [bookmark: _Toc71622421]For SL groupcast and broadcast, the length of long DRX cycle length, on-duration timer length are configured per-PQI/QoS.
While for inactivity timer and RTT/Re-transmission timer,
· Although in case the Tx-UE is in mode-2, it is feasible to adopt per-QoS configuration, since Tx-UE knows the destination address and associated QoS, and thus can apply the corresponding RTT/Re-tx timer;
· It is not feasible for Tx-UE in mode-1, since network has no information on RTT/Re-tx timer, and how for network to differentiate the usage of different RTT/Re-tx timer length.
Different from unicast, there is no PC5-RRC signalling between Tx and Rx UE, so there is no method to configure RTT/Re-transmission timer differently (i.e., based on mode-1/2 of Tx-UE).
Proposal 11 [bookmark: _Toc71622422]For SL groupcast, the length of inactivity timer and RTT/Re-transmission are configured commonly (i.e., neither per-PQI/QoS nor per L2 destination ID).
One topic touched in RAN2#113bis is if one destination L2 ID has multiple associated QoS flows and thus multiple QoS/DRX mechanisms, whether to apply multiple DRX behaviour for the multiple associated QoS, or to down-select to a single DRX parameter.
[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.
There seems a majority view in R2 to do the down-selection. But it is not easy since as shown in the table below
[image: ]
SL QoS have multiple dimensions, and the ordering of one dimension is not necessarily the same as the other dimension (one has to take into account of non-standardized QOS and has to consider there might be new PQI added into the standardized PQI table).
[bookmark: _Toc71535407]It is infeasible to down-select DRX from multiple DRX patterns for different QoS according to a single dimension in the QoS table.
According to above, i.e., inactivity timer and RTT/Re-tx timer are set commonly, the only left ones (per-QoS) is DRX cycle and on-duration timer length, so it is preferred for both Tx/Rx UE to use the single DRX parameter
· With the shortest DRX cycle within the ones corresponding to the QoS associated with the service;
· With the longest on-duration time within the ones corresponding to the QoS associated with the service;
Although this is a feasible way-out to derive a same / single DRX pattern for both Tx and Rx UE, it does not necessarily achieve better performance than following multiple DRX patterns, e.g., considering two associated QoS
· DRX1 for QoS1, shorter on-duration + shorter DRX cycle
· DRX2 for QoS2, longer on-duration + longer DRX cycle
So the final decided DRX of longer on-duration + shorter DRX cycle would have higher power consumption for both DRX1 and DRX2 – in the extreme case, if the longer on-duration timer length > shorter DRX cycle, UE may end up with no power saving gain at all. 
Proposal 12 [bookmark: _Toc71622423][bookmark: _Hlk70582922]For SL groupcast and broadcast, if a specific L2 destination ID associates with multiple associated QoS, UE simple follows multiple DRX for the multiple associated QoS, i.e., do not pursue down-selection of a single DRX.
Another issue is how to do the per-QoS configuration. 
· As discussed in R16 for SDAP layer configuration on QoS-to-DRB mapping, there is a need for “default” DRB to carry the QoS which cannot be mapped to dedicated DRB, since it is infeasible to exhaust all QoS profile due to the existence of non-standardized QoS. 
· [bookmark: _Toc65073787][bookmark: _Toc67478403][bookmark: _Toc68250505]Similarly, since in R17, there is a need for configuration on QoS-to-DRX mapping, there would be a need for “default” DRX to carry the QoS which cannot be mapped to other dedicated DRX to carry the dedicated QoS profile.
Furthermore, for those messages which are hard to map to a specific QoS, e.g., PC5-S DCR message, or discovery message, there is a need for the DRX pattern as well.
Proposal 13 [bookmark: _Toc70363530][bookmark: _Toc71622424]For SL groupcast and broadcast, besides DRX setting(s) mapped to dedicated QoS(s), define a default DRX setting for the messages which cannot be mapped to dedicated QoS.
R16 Compatibility 
The compatibility issue comes from the introduction of SL DRX in R17: As shown in the following table
Table 1 R16/17 compatibility issue
	
	R16 Tx UE
	R17 Tx UE

	Rx UE w/o DRX (R16 and R17 UE)
	Case-1
	Case-2

	Rx UE w/ DRX (R17 UE only)
	NOK
	Case-3


[bookmark: _Toc67496823][bookmark: _Toc65052983][bookmark: _Toc67496824][bookmark: _Toc71535408][bookmark: _Ref60924897]Compatibility issue exists between R16 UE and R17 UE configured with DL-DRX.
The question is how for a R17 Tx UE to differentiate between 
· Case-2: where the transmission is not restricted in time domain;
· Case-3: where the transmission is restricted to the DRX active time;
And how for a R17 Rx UE to differentiate between
· Case-1/2: where the reception is not restricted in time domain;
· Case-3: where the reception is restricted to the DRX active time;
According to 23.287, the mapping of service types and Tx profiles can be used to indicate for each Tx profile the corresponding transmission format. It can be applied here: 
· If the Tx profile for a specific service indicates Rel-17, then the UE shall use Rel-17 compatible format, i.e. considers this transmission/reception is for DRX enabled UE, and only transmits/receives when the Rx UE(s) is active. 
· Otherwise, there is no restriction to the transmission/reception due to DRX.
	The following sets of information for V2X communications over PC5 reference point is provisioned to the UE:
[…]
3)	Policy/parameters for PC5 RAT selection and for PC5 Tx Profile selection:
-	The mapping of V2X service types to PC5 RAT(s) (e.g. LTE PC5, NR PC5 or both), and to the corresponding Tx Profiles (see TS 36.300 [9] and TS 38.300 [11] for further information).
[…]


[bookmark: _Toc67496825][bookmark: _Toc65052984][bookmark: _Toc67496826][bookmark: _Toc71535409]Tx profile can be used to differentiate the transmissions/reception for DRX-enabled (R17-only) UE and DRX-disabled (R16 or R17) UE.
The exceptional case is for unicast, where the Tx/Rx UE can already sync-up using the UE capability delivery and AS-layer configuration procedure.
Proposal 14 [bookmark: _Toc70363532][bookmark: _Toc70363533][bookmark: _Toc70363534][bookmark: _Toc70363535][bookmark: _Toc70363536][bookmark: _Toc70363537][bookmark: _Toc70363538][bookmark: _Toc65052986][bookmark: _Toc67496835][bookmark: _Toc71622425]For SL groupcast and broadcast, introduce Tx profile for R17, at least to differentiate traffic targeting at DRX-capable (R17-only) and DRX-incapable (R16 or R17) UE.
Applicable slot for SL-DRX
The DRX configuration may overlap with multiple pool(s) (which can be either TX pool(s) for TX-UE, or RX pool(s) for RX-UE), where the available subframes and unavailable subframes are defined per pool, which include
1. SSB: I.e., derived from sync configuration index;
2. UL subframe: I.e., derived from TDD configuration;
3. Reserved subframe: derived from SSB and UL subframe;
[image: ]
Obviously, DRX configuration has to reach a common understanding at TX-UE side and RX-UE side, i.e., based on a common resource set to calculate the length of offset and cycle, and based on a common resource set to increase / decrease the timers. In light of that DRX configuration cannot be configured in a per-pool manner, since the TX-pool and RX-pool may be different for TX-UE and RX-UE, it is hard to define DRX configuration based on the resource type-1/2/3 above which is per-pool resources.
Due to reasons above, one cannot exclude subframe type-1/2/3 from the target of DRX setting.
Proposal 15 [bookmark: _Toc67493708][bookmark: _Toc67496836][bookmark: _Toc67493709][bookmark: _Toc67496837][bookmark: _Toc67496838][bookmark: _Toc71622426]For SL DRX, UE bases on all time resources to calculate the length of DRX cycle, offset and timers.
The mechanism for DRX timer(s)
Long DRX cycle, on-duration timer length and DRX offset
According to the RAN2#113bis-e agreement
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.
As in Uu, the subframe offset and DRX cycle is expressed via a single IE
    drx-LongCycleStartOffset            CHOICE {
        ms10                                INTEGER(0..9),
        ms20                                INTEGER(0..19),
        ms32                                INTEGER(0..31),
        ms40                                INTEGER(0..39),
        ms60                                INTEGER(0..59),
        ms64                                INTEGER(0..63),
        ms70                                INTEGER(0..69),
        ms80                                INTEGER(0..79),
        ms128                               INTEGER(0..127),
        ms160                               INTEGER(0..159),
        ms256                               INTEGER(0..255),
        ms320                               INTEGER(0..319),
        ms512                               INTEGER(0..511),
        ms640                               INTEGER(0..639),
        ms1024                              INTEGER(0..1023),
        ms1280                              INTEGER(0..1279),
        ms2048                              INTEGER(0..2047),
        ms2560                              INTEGER(0..2559),
        ms5120                              INTEGER(0..5119),
        ms10240                             INTEGER(0..10239)
    },
There is no need to introduce separate IEs for long cycle and subframe level offset.
Proposal 16 [bookmark: _Toc70282097][bookmark: _Toc71622427]As in NR Uu, merge the agreed sl-drx-StartOffset, sl-drx-Cycle into a single IE sl-Drx-LongCycleStartOffset.
Another left issue here is the granularity of boundary of DRX cycle, i.e., per symbol, slot or subframe.
· Given the flexible numerology in NR, subframe as a fixed 1ms length is not enough;
· Although both symbol and slot are feasible for NR sidelink, symbol level granularity does not bring flexibility, since the sidelink PHY channels appear periodically in each slot.
I.e., there is no need to define the start of on-duration timer in the granularity of symbol.
Proposal 17 [bookmark: _Toc70282098][bookmark: _Toc71622428]The RX UE determines the slot associated with the start of the DRX cycle using the configured sl-drx-Cycle, sl-drx-StartOffset. 
Inactivity timer
According to the RAN2#113bis-e agreement
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.
A first issue is an applicability to G-cast. According to P14, RAN2 has agreed on the inactivity timer for G-cast, yet the scenario is FFS.
Compared to U-cast, the ambiguity is that there could be multiple Rx UEs, and thus the DRX state of different Rx UE maybe not sync-ed with each other, i.e., 
· Tx-UE send SCI for initial transmission at T1, and (re)start inactivity timer at Tx-UE side at T1;
· Rx-UE1 missed the initial transmission at T1, but receives SCI for re-transmission at T2 (>T1), and (re)start inactivity timer at Rx-UE1 side at T2;
· Rx-UE2 missed the initial transmission at T1 and retransmission at T2, but receives SCI for re-transmission at T3 (>T2), and (re)start inactivity timer at Rx-UE2 side at T3;
To solve the un-sync between T1/2/3, the only feasible way is to rely on when A-N based feedback option, i.e.,  
6>	if both a group size and a member ID are provided by upper layers and the group size is not greater than the number of candidate PSFCH resources associated with this sidelink grant:
7>	select either positive-negative acknowledgement or negative-only acknowledgement.
NOTE 4:	Selection of positive-negative acknowledgement or negative-only acknowledgement is up to UE implementation.
   6>	else:
7>	select negative-only acknowledgement.
And according to TS 38.213, Tx-UE should be aware of the expected PSFCH / feedback from all Rx-UEs
-	if the UE receives a PSFCH associated with a SCI format 2-A with Cast type indicator field value of "01" 
-	report an ACK value to higher layers if the UE determines an ACK value from at least one PSFCH reception occasion from the number of PSFCH reception occasions in PSFCH resources corresponding to every identity  of UEs that the UE expects to receive corresponding PSSCHs as described in Clause 16.3; otherwise, report a NACK value to higher layers
I.e., using A-N feedback option, even if there is gap between T2 and T3, Tx-UE can be aware of that by checking the existence of feedback from each Rx-UE, and perform transmission after T3, i.e., the overlapping time period where the inactivity timer of both Rx-UE1 and Rx-UE2 are running.
Proposal 18 [bookmark: _Toc70282099][bookmark: _Toc71622429]For SL groupcast, limit the usage of inactivity timer to the case when HARQ feedback is enabled and ACK-NACK based feedback option is adopted.
This may further trigger the question that whether for G-cast, the inactivity timer start condition has to rely on A/N feedback or not
17:	[…] Any specific handling which may be needed for synchronization of inactivity timers for the groupcast case is FFS.
Considering for unicast, 
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.
Even though the issue is essentially the same for U-cast and G-cast, i.e., the Rx UE may miss the SCI, and thus Tx-UE may need to rely on A/N feedback to start inactivity timer at Tx-UE in a safer way, RAN2 agreed on the legacy behaviour, i.e., start inactivity timer since SCI. There seems no big reason for G-cast to adopt another way. Furthermore, if one adopt “the existence of A/N feedback” as the condition to (re)start inactivity timer, how for network to be aware of it is problematic, in the case of mode-1.
Proposal 19 [bookmark: _Toc70282100][bookmark: _Toc71622430]For SL group-cast, Rx UE adopts the same behaviour as unicast to (re)start the inactivity timer, i.e., in the first slot after SCI (SCI1 + SCI2) reception.
Then the second issue is whether there is a need to specify Tx-UE behavior
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.
The exact same behaviour as Rx-UE is neither feasible nor beneficial, since as clarified above, 
· [bookmark: _GoBack]Either one believes the T1/2/3 gap issue is valid, then Tx-UE may by its implementation to judge whether the inactivity timer at Rx-UE has been (re)started or not (e.g., by the existence of A/N feedback), otherwise, there will be gap between T1 and T2 (for both U-cast and G-cast) and T2 and T3 (for G-cast);
· Or one believes the T1/2/3 gap issue is not valid, then Tx-UE and Rx-UE(s) will (re)start inactivity timer at exactly the same time, in that case, there seems no benefit to duplicate the spec for Tx/Rx-UE respectively.
Proposal 20 [bookmark: _Toc70282101][bookmark: _Toc71622431]No need to pursue normative text for TX side SL DRX behaviour.
A third issue is the granularity of inactivity timer for G-cast
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.
Assuming a 3-UE group, UE1, UE2 and UE3, so from UE1 perspective
· For the reception by UE1 from UE2/3: considering the length of inactivity timer used for UE2/3 transmission in the same group would be the same, there is no obvious reason to adopt separate timer for UE2 and for UE3, i.e., the transmission from a different Tx-UE just (re)start the same group-specific inactivity timer.
· For the transmission from UE1 to UE2/3: Firstly, there is no need to separate the 2 timers considering G-cast is w.r.t all Rx-UEs without differentiation. Secondly, whether the timer used for the reception can be used for transmission as well, i.e., if UE1 receives one new transmission from UE2 and thus (re)start the inactivity timer, whether UE1 can perform transmission when the said timer is running, assuming all the other Ues in the group are in DRX-On state. The answer is no, since as analyzed above, there is no guarantee that UE2 transmission can always reach UE1 and UE3 simultaneously and successfully. Hence, UE1 cannot always assume all the other Rx-Ues are in DRX-on state and perform transmission freely. So a separate timer for the transmission is needed.
Proposal 21 [bookmark: _Toc70282102][bookmark: _Toc71622432]For SL group-cast, the inactivity timer is maintained per-group, and for Tx and Rx separately.
A fourth issue is, according to P10 above, RAN2 has agreed on using L1 ID to kick off the inactivity timer.
· In Uu-DRX, UE can judge whether the grant is for its own directly by RNTI, which is fully carried by DCI.
· But in SL-DRX, the L2 ID is partially carried in SCI, and partially carried in PSSCH, i.e., MAC header

         
Figure 1 SL-SCH MAC subheader
Since L1 ID has been agreed now, the UE may start inactivity timer unnecessarily, i.e., lead to power waste.
[bookmark: _Toc70282093][bookmark: _Toc71535410]If use L1 ID in SCI to start inactivity timer, it would lead to power waste.
Then the problem is how for the UE to stop unnecessarily started inactivity timer. As shown in the figure below, 
[image: ]
Figure 2 Conditions for stopping inactivity timer
Assuming there are 3 SL grants, A, B and C
· SCI of A arrives at Rx-UE earlier than B, and B is earlier than C
· When Rx-UE decode the MAC PDU of SCI-B, it may find that the ID included in MAC HD is not from the correct source address and/or for the correct destination address;
· If at this time point, MAC PDU of both SCI-A and SCI-C have been decoded as not from the correct source address and/or for the correct destination address, there is no need to keep the inactivity timer running;
· Otherwise, if either MAC PDU of SCI-A or SCI-C have been decoded as from the correct source and destination address or have not decoded successfully yet, and either the Rx timing of SCI-A or SCI-C is within the length of inactivity timer preceding the current time point, the inactivity timer should be still running in order for SCI-A or SCI-C;
Using this method, RAN2 can avoid unnecessary power waste due to MAC PDU not from the intended transmitter or not for the correct receiver.
Proposal 22 [bookmark: _Toc70282103][bookmark: _Toc71622433]For SL unicast and groupcast, inactivity timer is stopped if all the MAC PDUs associated with SCI received previously within the length of inactivity timer, if any, are decoded as not from the correct source address (for unicast only) and/or not to the correct destination address (for unicast and groupcast).
RTT timer and retransmission timer
According to the RAN2#113bis-e agreement
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.
Firstly, it is about the applicable cast-type. As analyzed above, same as inactivity timer, there has to be a tool for Tx-UE to know whether Rx-UE(s) have received the SCI, which is only feasible in case A-N feedback option is used.
Proposal 23 [bookmark: _Toc70282104][bookmark: _Toc71622434]For SL groupcast, limit the usage of RTT/Re-transmission timer to the case when HARQ feedback is enabled and ACK-NACK based feedback option is adopted. 
Proposal 24 [bookmark: _Toc70282105][bookmark: _Toc71622435]For SL broadcast, do not support RTT/Re-transmission timer.
The second issue is whether to support RTT timer for FB disabled case or not. When FB is disabled, 
Firstly, if PSFCH is not configured in the resource pool, there is no timing restriction on the N-th transmission and (N+1)-th transmission, so RTT timer can be zero.
Secondly, if PSFCH is configured in the resource pool, considering the case where TX-UE is in mode-1
· HARQ FB enabling / disabling is decided by Tx-UE;
· But it is network that is responsible of resource provisioning;
So without knowing the HARQ FB enabling / disabling decision, the network can only conservatively provide resources, i.e., always secure the gap between N/N+1-th resources.
[bookmark: _Toc70282094][bookmark: _Toc71535411]If PSFCH is configured in the resource pool and if TX-UE is in mode-1, network can only conservatively provide resources, i.e., always secure the gap between N/N+1-th resources.
So at Rx side, without knowing 
· Whether the Tx UE is in mode-1, so even if FB is disabled, the gap would be still there
· Or whether the Tx UE is in mode-2. So when FB is disabled, the gap would not be there
[bookmark: _Toc70282095][bookmark: _Toc71535412]If PSFCH is configured in the resource pool and if TX-UE is in mode-1, Rx-UE has to deal with the uncertainty of Tx-UE, either it is in mode-1 so there would be gap before N+1-th transmission, or it is in mode-2 so there would be no gap.
Considering that, the only way-out is to let Rx-UE to monitor possible resources either with or without gap, so regardless of whether RTT timer is needed, retransmission timer is needed, and with a longer time to cover the possible gap.
Proposal 25 [bookmark: _Toc70282106][bookmark: _Toc71622436]For SL unicast, HARQ retransmission timer is supported for both FB enabled / disabled cases, but with different timer lengths.
Proposal 26 [bookmark: _Toc70282107][bookmark: _Toc71622437]For SL unicast, RAN2 discusses either 1) support RTT timer for FB enabled case but not for FB disabled case, or 2) or support RTT timer for both FB enabled / disabled cases, but with different timer length.
Then the left issue is when to start RTT/Re-transmission timer.
According to Uu DRX design
2>	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;
[…]
2>	start the drx-HARQ-RTT-TimerUL for the corresponding HARQ process in the first symbol after the end of the first transmission (within a bundle) of the corresponding PUSCH transmission;
I.e., the RTT timer will start from either the next symbol after feedback or after data channel.
Looking at the channel structure of sidelink


Figure 3 Resource mapping of control/data channel for SL (Example-1: left, Example-2: right)
If compare the two solutions:
· Start re-transmission timer since the next symbol after 2nd-stage SCI
· Start re-transmission timer since the next symbol after PSSCH, or equivalently, since the nxt slot after 2nd-stage SCI;
Obviously, since the time length of 2nd SCI is not a fixed but variable value, depending on the MCS selected, it is hard for the DRX timer configured by RRC to adapt with this per-transmission starting point (i.e., the end of 2nd stage SCI), so the start of re-transmission timer should NOT be on the next symbol after 2nd-stage SCI.
Proposal 27 [bookmark: _Toc70282108][bookmark: _Toc71622438]For SL unicast, for FB disabled case, the RTT timer or re-transmission timer (if RTT timer is not supported/configured) is started upon the first slot after SCI.
The same logic holds for FB enabled cases, where the start point is not SCI but PSFCH.
Proposal 28 [bookmark: _Toc70282109][bookmark: _Toc71622439]For SL unicast and groupcast, for FB enabled case, the RTT timer is started upon the first slot after PSFCH.
DRX command MAC CE
According to RAN2#113e agreement
8: 	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).
Firstly, since RAN2 has ruled out the usage of short cycle, 
3:	Short DRX cycle is not introduced for SL unicast, groupcast and broadcast in Rel-17.
There would be no need for separate DRX command and long DRX command MAC CE.
[bookmark: _Toc65072900][bookmark: _Toc70282096][bookmark: _Toc71535413]Without short DRX cycle for SL, no need for separate DRX command and long DRX command MAC CE.
Secondly, for the detailed UE behaviour upon DRX command, following the behaviour defined for Uu-DRX
1>	if a DRX Command MAC CE or a Long DRX Command MAC CE is received:
[bookmark: _Hlk49354090]2>	stop drx-onDurationTimer for each DRX group;
2>	stop drx-InactivityTimer for each DRX group.
[…]
1>	if a DRX Command MAC CE is received:
2>	if the Short DRX cycle is configured:
[…]
2>	else:
3>	use the Long DRX cycle for each DRX group.
1>	if drx-ShortCycleTimer for a DRX group expires:
2>	use the Long DRX cycle for this DRX group.
1>	if a Long DRX Command MAC CE is received:
2>	stop drx-ShortCycleTimer for each DRX group;
2>	use the Long DRX cycle for each DRX group.
The UE behaviour upon receiving SL DRX command MAC CE should be stopping on-duration timer and inactivity timer.
Proposal 29 [bookmark: _Toc65073784][bookmark: _Toc70282110][bookmark: _Toc71622440]For SL unicast, upon receiving SL DRX command MAC CE, UE stop on-duration timer and inactivity timer.
But then the logic seems 
· Only applies to unicast, where for the direction of UE1 => UE2 (where UE1 as TX, UE2 as RX), UE1 can base on its TX buffer, to decide on whether to keep UE2 in active time or not.
· While for groupcast, where there are multiple UEs in the group, it is not reasonable for one UE to base on its own TX buffer to request all others into inactive time, i.e., there might be other UEs who would like to transmit so would like to keep the UEs in the group in active time.
Proposal 30 [bookmark: _Toc65073785][bookmark: _Toc70282111][bookmark: _Toc71622441]For SL groupcast and broadcast, do not support DRX command MAC CE.

Conclusion
We have the following observations:
Observation 1	The UE-specific DRX for RX-UE is not feasible, and the UE-specific DRX for TX-UE is already feasible by configuring TX resource (pool) in a UE-specific manner.
Observation 2	TX-centric approach have more (less) advantages (disadvantages) than RX-centric approach.
Observation 3	For SL unicast, for the UE deciding on the SL-DRX, its serving network can coordinate between SL-DRX and Uu-DRX by implementation.
Observation 4	L2 ID approach does not apply to long DRX cycle length setting.
Observation 5	It is infeasible to predict the load for each L2 ID, so L2 ID does not apply to the on-duration timer length setting.
Observation 6	It is infeasible to down-select DRX from multiple DRX patterns for different QoS according to a single dimension in the QoS table.
Observation 7	Compatibility issue exists between R16 UE and R17 UE configured with DL-DRX.
Observation 8	Tx profile can be used to differentiate the transmissions/reception for DRX-enabled (R17-only) UE and DRX-disabled (R16 or R17) UE.
Observation 9	If use L1 ID in SCI to start inactivity timer, it would lead to power waste.
Observation 10	If PSFCH is configured in the resource pool and if TX-UE is in mode-1, network can only conservatively provide resources, i.e., always secure the gap between N/N+1-th resources.
Observation 11	If PSFCH is configured in the resource pool and if TX-UE is in mode-1, Rx-UE has to deal with the uncertainty of Tx-UE, either it is in mode-1 so there would be gap before N+1-th transmission, or it is in mode-2 so there would be no gap.
Observation 12	Without short DRX cycle for SL, no need for separate DRX command and long DRX command MAC CE.

We have the following proposals:
Proposal 1	For SL broadcast/groupcast, for in-coverage case, for RRC_CONNECTED TX-UE/RX-UE can obtain DRX configuration from SIB (which can be delivered via dedicated-RRC signalling).
Proposal 2	For SL broadcast and groupcast, do not pursue dedicated-RRC based UE-specific DRX configuration for RRC_CONNECTED TX-UE/RX-UE.
Proposal 3	For DCR message, follow DRX for SL broadcast.
Proposal 4	For SL unicast, after receiving DCR message and before DRX configuration is configured successfully via PC5-RRC, the two UEs exchange data/signaling in non-DRX manner.
Proposal 5	For SL unicast, rely on TX-UE to configure the per-direction DRX via PC5-RRC, taking into account of assistance information from RX-UE.
Proposal 6	For SL unicast, for UE-B who receives SL-DRX configuration via RRCReconfigurationSidelink from the other UE-A, UE-B reports the received SL-DRX to network for network to decide Uu-DRX in a coordinated manner.
Proposal 7	For SL unicast, UE-B sends the SL-DRX preference information to UE-A, and the UE-A (if in RRC_CONNECTED state) forward the SL-DRX preference information to its serving network.
Proposal 8	For SL unicast, long DRX cycle, on-duration timer length, DRX offset, inactivity timer and RTT/Re-transmission timer are all configured per-link-and-per-direction. RAN2 not pursue per-QoS SL-DRX configuration for unicast.
Proposal 9	For SL groupcast and broadcast, offset is calculated from L2 destination address using defined formula.
Proposal 10	For SL groupcast and broadcast, the length of long DRX cycle length, on-duration timer length are configured per-PQI/QoS.
Proposal 11	For SL groupcast, the length of inactivity timer and RTT/Re-transmission are configured commonly (i.e., neither per-PQI/QoS nor per L2 destination ID).
Proposal 12	For SL groupcast and broadcast, if a specific L2 destination ID associates with multiple associated QoS, UE simple follows multiple DRX for the multiple associated QoS, i.e., do not pursue down-selection of a single DRX.
Proposal 13	For SL groupcast and broadcast, besides DRX setting(s) mapped to dedicated QoS(s), define a default DRX setting for the messages which cannot be mapped to dedicated QoS.
Proposal 14	For SL groupcast and broadcast, introduce Tx profile for R17, at least to differentiate traffic targeting at DRX-capable (R17-only) and DRX-incapable (R16 or R17) UE.
Proposal 15	For SL DRX, UE bases on all time resources to calculate the length of DRX cycle, offset and timers.
Proposal 16	As in NR Uu, merge the agreed sl-drx-StartOffset, sl-drx-Cycle into a single IE sl-Drx-LongCycleStartOffset.
Proposal 17	The RX UE determines the slot associated with the start of the DRX cycle using the configured sl-drx-Cycle, sl-drx-StartOffset.
Proposal 18	For SL groupcast, limit the usage of inactivity timer to the case when HARQ feedback is enabled and ACK-NACK based feedback option is adopted.
Proposal 19	For SL group-cast, Rx UE adopts the same behaviour as unicast to (re)start the inactivity timer, i.e., in the first slot after SCI (SCI1 + SCI2) reception.
Proposal 20	No need to pursue specification for TX side SL DRX behaviour.
Proposal 21	For SL group-cast, the inactivity timer is maintained per-group, and for Tx and Rx separately.
Proposal 22	For SL unicast and groupcast, inactivity timer is stopped if all the MAC PDUs associated with SCI received previously within the length of inactivity timer, if any, are decoded as not from the correct source address (for unicast only) and/or not to the correct destination address (for unicast and groupcast).
Proposal 23	For SL groupcast, limit the usage of RTT/Re-transmission timer to the case when HARQ feedback is enabled and ACK-NACK based feedback option is adopted.
Proposal 24	For SL broadcast, do not support RTT/Re-transmission timer.
Proposal 25	For SL unicast, HARQ retransmission timer is supported for both FB enabled / disabled cases, but with different timer lengths.
Proposal 26	For SL unicast, RAN2 discusses either 1) support RTT timer for FB enabled case but not for FB disabled case, or 2) or support RTT timer for both FB enabled / disabled cases, but with different timer length.
Proposal 27	For SL unicast, for FB disabled case, the RTT timer or re-transmission timer (if RTT timer is not supported/configured) is started upon the first slot after SCI.
Proposal 28	For SL unicast and groupcast, for FB enabled case, the RTT timer is started upon the first slot after PSFCH.
Proposal 29	For SL unicast, upon receiving SL DRX command MAC CE, UE stop on-duration timer and inactivity timer.
Proposal 30	For SL groupcast and broadcast, do not support DRX command MAC CE.
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