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Introduction
To facilitate the reply LS, RAN1 has been envisioned to agree on whether a UE can perform sensing during SL DRX inactive duration. During the RAN1#105-e email discussion, majority view is that a UE can perform sensing during SL DRX inactive duration considering[1]
- DRX active duration is quite unlikely to be always fully overlapped with the sensing duration
- Under such scenario, severe performance degradation can take place due to insufficient sensing results if a UE can not perform sensing during SL DRX inactive duration.
In the meantime, RAN2 is about to discuss the issue of resource selection during DRX inactive time, thus it's expected that RAN1 can finalize the reply LS so that RAN2 work is not further delayed after 3 RAN1 meetings.
[bookmark: _Toc82][bookmark: _Toc525][bookmark: _Toc29400]Discussions
From RAN1’s perspective, DRX is one of effective mechanisms for power saving. Considering the V2X services, periodic traffic is one kind of typical V2X traffic, e.g., periodic broadcast of road safety messages, including broadcast of V2X message by vehicular UEs in period of 100 ms, broadcast of V2X message by pedestrian UEs in period of 1 second, etc. A proper DRX pattern can ensure the QoS requirement by being awake in on-duration where the transmissions for those periodic traffics are happening and can provide a chance to save power by being asleep while there is no traffic within a period. In a word, especially for pedestrian UEs with limited power capacities, to save the power consumption, it can turn off its radio interface during the off-duration under QoS considerations and does not need to monitor PSCCH/PSSCH. 
According to RAN2’s progress on sidelink DRX, AS layer can determine DRX parameters and no additional input from V2X layer other than the currently available QoS is needed[4]. Besides, the following agreements were achieved in RAN2 #113e meeting:
	· Agreements on high-level principles for SL DRX
· For SL unicast (after SL unicast link is established), SL DRX configuration can be configured per a pair of source/destination. FFS whether SL DRX operates per direction or for both directions.
· For SL groupcast/broadcast, SL DRX configuration can be configured in common. FFS on granularity of SL DRX configuration.
· Short DRX cycle is not introduced for SL unicast, groupcast and broadcast in Rel-17.
· For data reception, RAN2 defines the behaviour for monitoring the SCI reception (i.e., PSCCH and 2nd SCI on PSSCH) during the SL active time for SL DRX. For data reception, the UE may skip monitoring of PSCCH and 2nd SCI on PSSCH during inactive time for SL DRX. Sensing aspect is not considered in this agreement.
...
· Agreements on SL DRX configurations
· For broadcast/groupcast, for out-of-coverage case, TX-UE/RX-UE obtain DRX configuration from pre-configuration.
· For broadcast/groupcast, for in-coverage case, RRC_IDLE/INACTIVE TX-UE/RX-UE obtain DRX configuration from SIB. It is up to network implementation how to coordinate active time between different cells.
· For broadcast/groupcast, for in-coverage case, for RRC_CONNECTED TX-UE/RX-UE can obtain DRX configuration from SIB. FFS on whether dedicated-RRC is also used.
· For unicast, for OOC scenario, the UE who sends out the DRX configuration decides on the DRX configuration. FFS on whether pre-configuration and/or the assistance information from the peer UE is also taken into account when determining the DRX configuration.
· 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.
· Agreements on granularity of SL DRX operation for groupcast/broadcast
· RAN2 kindly agree that for groupcast and broadcast communication further granularity to multiple sets of DRX configurations (beyond just cast type) is required i.e. more than two DRX Cycle configurations should be supported in specification.
· RAN2 will study/discuss how PQI and/or L2 destination ID is used to derive groupcast and broadcast DRX configuration.
· Timer-based SL DRX is also applied to SL groupcast/broadcast.



Based on RAN2’s progress, we can get the following observations:
[bookmark: _Toc79167941]The granularity of SL DRX operation could be per a pair of source/destination, or per cast type, or per L2 destination ID.
[bookmark: _Toc79167942]The SL DRX configurations can be obtained from pre-configuration, SIB, dedicated-RRC or PC5-RRC.
[bookmark: _Toc79167943]For one UE, more than one SL DRX configurations would be configured.
[bookmark: _Toc79167944]For unicast, the SL DRX for both Tx UE and RX UE can be acquired by one UE.
Considering above observations, SL DRX impacts on both sensing and data receiving should be considered in physical layer.
Sensing under SL DRX
During RAN1#105-e, the following two alternatives were consolidated as direction for agreement of this issue.
	Alt 1 A UE can perform SL reception of PSCCH and RSRP measurement for sensing during its SL DRX inactive time.
1. FFS: Whether when such reception is performed is subject to specification, or is up to UE implementation
2. FFS: Other details
 Alt 2 A UE cannot perform sensing out of the DRX active time


For Alt2, it may be difficult to align sidelink DRX configuration and partial sensing configuration in some cases. For example, for a unicast Rx UE, SL DRX configurations for different source/destination pairs may be different under different Tx UEs. Tx UE may be uncertain about SL DRX configuration granularity (whether per direction or for both directions) of other Tx UEs or which direction of the pair should be assumed to perform sensing. If a Tx UE only performs sensing within ON duration depending on the DRX configuration of its own direction to Rx UE, it is likely that failure to identify the resource reserved by other Tx UEs and consequent collision would happen. The performance degradation due to collision is demonstrated in Fig.1 whose detailed simulation assumptions are attached in the appendix. 
[image: last_ljp_551v1]
Figure 1 Performance evaluation for the impact of SL DRX on sensing
Considering the performance degradation, it's unfair to restrict partial sensing to DRX on duration.
Apart from the performance concerns, Alt 2 itself is incomplete given the aforementioned RAN2 progress on SL DRX. The following should be discussed and clarified prior to agreeing to Alt2.
· [bookmark: _Toc71645584][bookmark: _Toc71645586][bookmark: _Toc79167967]Should one or more of configured SL DRX be applied in one sensing process?
· [bookmark: _Toc71645587][bookmark: _Toc79167968]Should the SL DRX of Tx UE or RX UE be applied?
· [bookmark: _Toc71645588][bookmark: _Toc79167969]For an OoC UE, is the pre-configured SL DRX feasible or not? 
· [bookmark: _Toc71645589][bookmark: _Toc79167970]Which granularity of SL DRX should be applied in current partial sensing?
In all, the following is proposed:
[bookmark: _Toc79167971]A UE can perform SL reception of PSCCH and RSRP measurement for sensing during its SL DRX inactive time.
Data reception based on SL DRX
If a SL DRX pattern is configured for a UE, for whatever unicast/groupcast/broadcast, it’s common understanding the UE should monitor the receiving, e.g. PSCCH/PSSCH during on-duration, as RAN2 agreed. One issue is which DRX configuration should be applied for a receiving process or a specific slot.
As we can know in observation 3, one or more SL DRX configurations would be configured for each cast type, such as unicast, groupcast and broadcast. Before decoding the SCI, UE cannot predicts which cast type of communication would come and which SL DRX should be applied to receive the data. One reasonable way is applying all configured SL DRX for data receiving.
[bookmark: _Toc79167972][bookmark: _Toc68685743][bookmark: _Toc71645582]For data reception, all configured SL DRX should be applied .
If a SL DRX pattern is configured for a UE, to save the power consumption, the usual expectation is that UE can fall asleep during the off-duration without monitoring any PSCCH/PSSCH. But in some case, e.g. for periodic traffic, the Rx UE has been acknowledged by previous SCI from other UE that some transmissions would happen in next period, in case the transmission occasions are in the off-duration, whether to monitor these occasions should be clarified. To ensure the QoS, the reception that can be known in advance needs to be monitored even if in off-duration, e.g. SPS transmissions.
[bookmark: _Toc71645583][bookmark: _Toc79167973][bookmark: _Toc68685744][bookmark: _Toc54359156]The reception that can be known in advance needs to be monitored even if in off-duration, e.g. SPS transmissions.

Conclusion
Based our analysis, the following proposals and observations for SL DRX are given:
Observation 1:	The granularity of SL DRX operation could be per a pair of source/destination, or per cast type, or per L2 destination ID.
Observation 2:	The SL DRX configurations can be obtained from pre-configuration,SIB ,dedicated-RRC or PC5-RRC.
Observation 3:	For one UE, more than one SL DRX configurations would be configured.
Observation 4:	For unicast, the SL DRX for both Tx UE and RX UE can be acquired by one UE.
[bookmark: _GoBack]Proposal 1:	A UE can perform SL reception of PSCCH and RSRP measurement for sensing during its SL DRX inactive time.
Proposal 2:	For data reception, all configured SL DRX should be applied .
Proposal 3:	The reception that can be known in advance needs to be monitored even if in off-duration, e.g. SPS transmissions.
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Appendix

	Parameter
	value

	Deployment
	Urban scenario

	Carrier frequency
	6 GHz

	Bandwidth 
	40 MHz

	Subcarrier spacing
	30 kHz

	P-UE drop
	As specified in TS 36.885.

	V-UE drop
	Option A
-	Vehicle type distribution: 100% vehicle type 2.
-	Vehicle speed is 60 km/h in all the lanes for the urban scenario.

	Cast Type
	Broadcast

	Traffic model for Vehicle UE (V-UE)
	Periodic traffic:
Model 2 (medium traffic intensity)
- Inter-packet arrival time: 30 ms & 70 ms & 100 ms
- Packet size: 1200 bytes with probability of 0.2 and 800 bytes with probability of 0.8

	Traffic model for Pedestrian UE (P-UE)
	Traffic type: periodic traffic
Packet arrival interval: 500 ms
Packet latency requirement: 100 ms
Packet size: 300 bytes

	Max Transmission number
	2

	DRX parameter for pedestrian UE
	DRX cycle: 100 ms

	Sensing scheme for PUE
	Partial sensing

	Sensing scheme for VUE
	Full sensing

	Channel model
	Follow TR 37.885 with modifications according to the agreements in RAN1 #103-e meeting

	Receiver algorithm
	MMSE-IRC
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