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Introduction
In RAN#90e meeting, the revised objective in the new WID was approved as below[1]: 
	2. Resource allocation enhancement:
· Specify resource allocation to reduce power consumption of the UEs [RAN1, RAN2]
· Baseline is to introduce the principle of Rel-14 LTE sidelink random resource selection and partial sensing to Rel-16 NR sidelink resource allocation mode 2.
· Note: Taking Rel-14 as the baseline does not preclude introducing a new solution to reduce power consumption for the cases where the baseline cannot work properly.
· This work should consider the impact of sidelink DRX, if any.


In RAN1#104e meeting, the email thread [104-e-NR-R17-SL-LS-01] was fully discussed aimed at a reply LS to R1-2100021. Even thoughconsensus was not reached regarding a reply LS, many companies agreed that RAN1 should further study and discuss the relationship between sidelink DRX and sensing, and a reply LS would be expected in RAN1#104b-e once there is any related agreement made or any concern found[2].
In this contribution, whether/how to take sidelink DRX into resource allocation schemes are analyzed.
[bookmark: _Toc525][bookmark: _Toc29400][bookmark: _Toc82]Discussions
From RAN1’s perspective, DRX is one of effective mechanisms for power saving. Considering the V2X services, periodic traffic is one of the main V2X traffic, e.g., periodic broadcast of road safety messages, including broadcast of V2X message by vehicular UEs every 100 ms, broadcast of V2X message by pedestrian UEs every 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 taking 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[3]. 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.


Based on RAN2’s progress, we can get the following observations:
[bookmark: _Toc68685748]The granularity of SL DRX operation could be per a pair of source/destination, or per cast type, or per L2 destination ID.
[bookmark: _Toc68685749]The SL DRX configurations can be obtained from pre-configuration or SIB or dedicated-RRC or PC5-RRC.
[bookmark: _Toc68685750]For one UE, more than one SL DRX configurations would be configured.
[bookmark: _Toc68685751]For unicast, the SL DRX for both Tx UE and RX UE can be acquired by one UE.
Considering above observations, the impacts on both data receiving and sensing should be considered in physical layer.
Data reception based on SL DRX
If a SL DRX pattern is configured for a UE, for what ever unicast/groupcast/broadcast, it’s a 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: _Toc68685743]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 e some transmissions would happen in next period, but 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: _Toc54359156][bookmark: _Toc68685744]The reception that can be known in advance needs to be monitored even if in off-duration, e.g. SPS transmissions.
Sensing under SL DRX
For mode 2, sensing is a basic procedure for resource selection to avoid resource collision, and it is the major mechanism to ensure the reliability of sidelink communication. If SL DRX is configured, for a power saving UE, there are two ways to take SL DRX into sensing.
Alt 1: To perform sensing only in on-duration.
Alt 2: To perform sensing regardless SL DRX.
If alt 1 is followed, in case the sensing window or the slots which are expected be sensed in sensing window (for partial sensing), overlaps the off-duration of SL DRX, in this case, the UE are not expected perform sensing on those slots during the off-duration of SL DRX. The result is the performance of sensing cannot be guaranteed. 
[bookmark: _Toc68685752]If Alt 1(To perform sensing only in on-duration) is adopted, the PPR would degrade.
Besides the concerns of performance, other issues should be considered too. 
Issue 1: Based on observation 1, which granularity of SL DRX should be applied in current partial sensing?
Issue 2: Based on observation 4, in unicast, which SL DRX of Tx UE or RX UE should be applied? Who is the target RX UE for the current partial sensing?
Issue 3: Based on observation 2, in groupcast/broadcast, for a OoC UE, if its pre-configured SL DRX is applied to sensing, is it feasible for a target RX UE which is in coverage?
Issue 4: Based on observation 3, if more than one SL DRX configurations are configured, one or all of configured SL DRX should be applied for partial sensing?
Based on above analysis, we propose:
[bookmark: _Toc68685745]Alt 1(To perform sensing only in on-duration) should be suspended till RAN2 reaches more progress.
If Alt 2 is followed, one issue worth considering is how much alignment is possible for both the SL DRX configuration and partial sensing parameters? Based on RAN2’s agreement, AS layer can determine DRX parameters[3]. That means partial sensing parameters can be taking into SL DRX configuration. If assuming SL DRX configuration has been almost aligned with partial sensing parameters, the power consumption would not increase drastically by sensing over OFF duration. To minimize sensing impact while still maintain sensing reliability for transmission, we propose:
[bookmark: _Toc32670][bookmark: _Toc23761][bookmark: _Toc25036][bookmark: _Toc9202][bookmark: _Toc22228][bookmark: _Toc68685746]For power saving, the partial sensing parameters should be taken into sidelink DRX (pre-)configuration, i.e. in RAN1’s perspective, it is assumed that sidelink DRX (pre-)configuration would be almost aligned with the partial sensing parameter .
Based on above assumption, targeting on performance assurance, UE should ensure the sensing even if in the off-duration. In some cases, a bit more power consumption is unavoidable. For pedestrian UEs with limited power capacities, to save the power as much as possible, a flexible, power-saving friendly partial sensing scheme should be considered. Proper partial sensing parameters can be a good balance between power saving and sensing performance. Thus we think for the UE in which partial sensing is enabled, sensing should be performed without DRX limitation.
[bookmark: _Toc54359157][bookmark: _Toc68685747]For UE which is configured with SL DRX configuration, partial sensing should be performed even in SL DRX off-duration.

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 or SIB or 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.
Observation 5:	If Alt 1(To perform sensing only in on-duration) is adopted, the PPR would degrade.
Proposal 1:	For data reception, all configured SL DRX should be applied .
Proposal 2:	The reception that can be known in advance needs to be monitored even if in off-duration, e.g. SPS transmissions.
Proposal 3:	Alt 1(To perform sensing only in on-duration) should be suspended till RAN2 reaches more progress.
Proposal 4:	For power saving, the partial sensing parameters should be taken into sidelink DRX (pre-)configuration, i.e. in RAN1’s perspective, it is assumed that sidelink DRX (pre-)configuration would be almost aligned with the partial sensing parameter .
Proposal 5:	For UE which is configured with SL DRX configuration, partial sensing should be performed even in SL DRX off-duration.
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