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[bookmark: _Ref35586532]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN2#112-e meeting, the sidelink DRX was initially discussed and reached the following agreements:
Agreements on SL DRX: 
1: 	Sidelink DRX needs to support sidelink communications for both in and out of network’s coverage scenarios.
2:	RAN2 will prioritize normal use case without consideration of relay UE use case in Rel-17.
3:	Support SL DRX for all casting types.
4:	If a UE is in SL active time, UE should monitor PSCCH. FFS on PSSCH. FFS for sensing impacts.
5:	RAN2 is not going to introduce SL paging and SL PO for SL DRX.
6:	As baseline, for Sidelink DRX for SL unicast, it is proposed to inherit and use timers similar to what are used in Uu DRX. FFS for SL broadcast/groupcast. FFS on detailed timers.
7:	Working assumption: SL DRX should take PSCCH monitoring also for sensing (in addition to data reception) into account if SL DRX is used.
8:	Support of long DRX cycle for SL unicast should be assumed as a baseline. FFS on the need of short DRX cycle.
9:	Deprioritize SL WUS from RAN2 point of view in Rel-17.	
But there is still no agreement on the sidelink DRX granularity which is very important for the sidelink DRX design. Hence, this issue will be discussed in this contribution.
Discussion
Since for sidelink unicast, there is PC5 connection; while for sidelink groupcast/broadcast, there is no PC5 connection, the analysis for sidelink unicast and sidelink groupcast/broadcast can be performed separately.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Sidelink unicast
For sidelink unicast, regarding to the sidelink DRX granularity, there are many options according to [1] and the contributions delivered in the last RAN2 meeting:
· Option 1: Per UE
· Option 2: Per UE per RAT
· Option 3: Per PC5 connection
· Option 4: Per service
· Option 5: Per PQI
For Option 1 and Option 2, as discussed in Rel-16, UE can support both LTE sidelink and NR sidelink simultaneously. In this case, it is obviously that sidelink DRX can only be applied to NR sidelink since LTE sidelink does not support DRX. Hence, compared with Option 2, Option 1 can be excluded first.
For Option 4 and Option 5, one V2X service can be mapped to one or multiple QoS flows and one QoS flow may aggregate the data from different V2X services, hence it is not appropriate to adopt Option 4 compared with Option 5. Option 4 can also be excluded.
Compared with Option 3 with Option 5, there can be multiple sidelink DRBs with different PQI within one PC5 connection. If Option 5 is adopted, there are mainly three shortages:
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6]Multiple sets of sidelink DRX timers needs to be maintained, and each set of DRX timers corresponding to one PQI. The sidelink DRX timer maintenance will be very complex;
· It needs to coordinate the DRX patterns for different PQI, otherwise, the power saving effective cannot be achieved;
· If data from logical channels with different PQIs can be multiplexed into one MAC PDU, it should further discuss which DRX pattern can be used for the PSCCH of this MAC PDU; and if data from logical channels with different PQIs is not allowed to be multiplexed into one MAC PDU, it will reduce the resource efficiency.
Based on the above analysis, Option 5 has no obvious benefit compared with Option 3. Hence, Option 5 can also be excluded.
Finally, the comparisons between Option 2 and Option 3 can be performed from the following perspectives:
· Rx UE power efficiency
As we all known, one Tx UE may have multiple PC5connections with the same or different Rx UE. If Option 2 is adopted, it means during the active time of Tx UE, all Rx UEs with PC5 connection with this Tx UE should be awake. It is not benefit for Rx UE’s power saving, which is shown in Figure-1.

                             
Figure-1 Illustration of the shortage of Option 2 (Rx UE less power efficiency)
· Misunderstanding on active time between Tx and Rx UE
It was agreed that sidelink DRX will inherit and use timers similar to Uu. HARQ related timer is maintained based on HARQ process of each PC5 unicast connection, hence the active time extension of one PC5 connection is unknown to the Rx UE of another PC5 connection. It will introduce the misunderstanding on the active time between the Tx UE and different Rx UEs, which is shown in Figure-2. In Figure-2, both Rx UE1 and Rx UE2 have PC5 connection with Tx UE, the active time of Tx UE is extended due to the start of sl-drx-inactivity timer of the PC5 connection between Tx UE and Rx UE1, which is unkown to Rx UE2. Hence, Tx UE and Rx UE2 will have different understanding on the active time if Option 2 is adopted.

 
Figure-2 Misunderstanding on active time introduced by Option 2
· PC5-RRC signalling overhead
At least for sidelink unicast, Tx UE should notify the sidelink DRX configuration to Rx UE through PC5-RRC, if Option 2 is adopted, once there is a new PC5 connection is established or released, the sidelink DRX configuration of Tx UE may need to be changed. Hence, it should notify the new sidelink DRX configuration to each Rx UE. It will increase the PC5-RRC signalling overhead.
Hence, based on the above analysis, Option 3 is more attractive compared with Option 2.
[bookmark: _Ref58504855]Proposal 1: For sidelink unicast, the granularity of sidelink DRX should be per PC5 connection.
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Sidelink broadcast/groupcast
For sidelink broadcast/groupcast, different from sidelink unicast, there is no PC5 connection between Tx and Rx UE. Hence PC5 connection based sidelink DRX which is proposed for sidelink unicast is not feasible for sidelink broadcast/groupcast. 
For sidelink broadcast/groupcast, as discussed in the email discussion [2], common DRX is proposed by most companies. Regarding to the common DRX, there are different options:
· Option 1:  Introduce a common sidelink DRX pattern for all UEs without identifying cast type and service type;
· Option 2:  Introduce a common sidelink DRX pattern for each cast type;
· Option 3:  Introduce a common sidelink DRX pattern for each service type (e.g., PSID/ITS-AID);
· Option 4: Introduce a common sidelink DRX  pattern per PQI or per PQI set;
For Option 1 and Option 2, since the DRX configuration does not consider the service type or QoS characteristics, hence the sidelink DRX pattern can be determined by RAN2 itself, e.g., using pre-configuration.
For Option 3, in our understanding, one V2X service can be mapped to one or multiple QoS flows, one QoS flow may aggregate the data from different V2X services, and one or multiple QoS flows can be mapped to one sidelink DRB. Hence, it is hard to judge which DRX pattern can be applied for this DRB,  it is infeasible to use Option 3 in AS layer.
For Option 4, similar as the discussion in section 2.1, there are mainly three shortages:
· Multiple sets of sidelink DRX timers needs to be maintained, and each set of DRX timers corresponding to one PQI. The sidelink DRX timer maintenance will be very complex;
· It needs to coordinate the DRX patterns for different PQI, otherwise, the power saving effective cannot be achieved;
· If data from logical channels with different PQIs can be multiplexed into one MAC PDU, it should further discuss which DRX pattern can be used for the PSCCH of this MAC PDU; and if data from logical channels with different PQIs is not allowed to be multiplexed into one MAC PDU, it will reduce the resource efficiency.

Based on the above analysis, from the perspectives of UE complexity and power saving performance, Option 1 or Option 2 can be adopted as baseline.
[bookmark: _Ref58504881][bookmark: _Ref60754681][bookmark: _Ref60755363]Proposal 2: For sidelink broadcast/groupcast, common DRX pattern for all UEs or per cast type can be adopted as baseline.
Conclusion
According to the analysis in section 2, it is proposed:
Proposal 1: For sidelink unicast, the granularity of sidelink DRX should be per PC5 connection.
Proposal 2: For sidelink broadcast/groupcast, common DRX pattern for all UEs or per cast type can be adopted as baseline.
Reference
[1]. [bookmark: _Ref53584457][bookmark: _Ref58330799][bookmark: _Ref60753425]TS23.776 Study on architecture enhancements for 3GPP support of advanced Vehicle-to-Everything (V2X) services; Phase 2
[2]. [POST112-e][702][SLe] High-level principles for SL DRX


1
R2-2100235
oleObject1.bin
Active time of TX UE


Actual active time of RX UE1


Real needed active time of RX UE1


Unnecessary
 power saving


Unnecessary 
power saving


Real needed active time of RX UE2


Actual active time of RX UE2


Unnecessary 
power saving


Unnecessary 
power 
saving


Unnecessary 
power saving


Unnecessary 
power 
saving


Real needed active time of RX UE3


Actual active time of RX UE3


Unnecessary 
power saving


Unnecessary 
power saving



image2.emf
On duration configuration of per UE per RAT

Active time of TX UE

Actual active time 

for PC5 connection between Tx UE and Rx UE 1

Sl-drx-inactivity timer started 

for PC5 connection with Rx UE1

Actual active time

For  RX UE2 which also has PC5 connection with Tx UE

Sl-drx-inactivity timer started 

for PC5 connection with Rx UE1

Misunderstanding period 

on active time

between Tx UE and RX UE2


oleObject2.bin
On duration configuration of per UE per RAT


Actual active time 
for PC5 connection between Tx UE and Rx UE 1


Active time of TX UE


Sl-drx-inactivity timer started 
for PC5 connection with Rx UE1


Actual active time
For  RX UE2 which also has PC5 connection with Tx UE


Sl-drx-inactivity timer started 
for PC5 connection with Rx UE1


Misunderstanding period 
on active time
 between Tx UE and RX UE2



image1.emf
Active time of TX UE

Real needed active time of RX UE1

Actual active time of RX UE1

Unnecessary

power saving

Real needed active time of RX UE2

Actual active time of RX UE2

Unnecessary 

power saving

Unnecessary 

power 

saving

Unnecessary 

power saving

Unnecessary 

power saving

Unnecessary 

power 

saving

Real needed active time of RX UE3

Actual active time of RX UE3

Unnecessary 

power saving

Unnecessary 

power saving


