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1. Introduction

During RAN2#113e meeting, SL DRX issues are discussed and following agreement was made for unicast mode [1].
	Granularity
1: 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.

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.
Configuration
4:
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.

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.

Timers

5a: At least, On-duration timer and Inactivity timer are supported in SL unicast.

5b:  HARQ RTT is supported in SL unicast. FFS for the detailed condition when it is supported. FFS whether HARQ RTT is explicitly configured or can be based on SCI. FFS on the need of HARQ retransmission timer


In this contribution, we discuss further details of unicast SL DRX configuration
2. Discussion
2.1. SL DRX configuration during unicast link establishment procedure
. For initiating a unicast communication, one sidelink SRB (i.e. SL-SRB0) is used to transmit the PC5-S message(s) before the PC5-S security has been established. One sidelink SRB (i.e. SL-SRB1) is used to transmit the PC5-S messages to establish the PC5-S security. One sidelink SRB (i.e. SL-SRB2) is used to transmit the PC5-S messages after the PC5-S security has been established, which is protected. One sidelink SRB (i.e. SL-SRB3) is used to transmit the PC5-RRC signalling, which is protected and only sent after the PC5-S security has been established, e.g. RRCReconfigurationSidelink. The unicast establishment procedure is shown in the following figure
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Figure 1 Unicast establishment procedure in V2X layer
According to the current RAN2 agreements reached for SL enhancements, it is not clear which SL DRX configuration is used during the SL unicast establishment procedure and during the time period after a SL unicast link has been established until the DRX configuration is configured between the peer UE(s) of the SL unicast link used. That is to say, before SL DRX is configured between peer UEs, it is not clear what SL DRX configuration is used for SL-SRB0 ~ SL-SRB3. 

It needs to be for example ensured that the peer UEs DRX Active Times are aligned such that they are able to transmit/receive the PC5 RRC message during the PC5-RRC Reconfiguration procedure which is used to configure the SL DRX configuration..
Observation 1: it is not clear what SL DRX configuration is used for SL-SRBs during unicast establishment procedure

In one option a common/predefined DRX configuration is used for the transmission/reception of SL-SRB0 and SL-SRB1 and SL-SRB2 during the unicast link establishment procedure until and including the Direct Communication Accept (DCA) message is sent/received. The Direct Communication Accept message includes some QoS Information, i.e. the information about the PC5 QoS Flow(s) requested by the initiating UE (Tx UE). For each PC5 QoS Flow, the PFI, the corresponding PC5 QoS parameters (i.e. PQI and conditionally other parameters such as MFBR/GFBR, etc.) and the associated V2X service type(s) are included. In response to the transmission/reception of the DCA message the peer UEs of the unicast link can apply DRX configuration(s) predefined/preconfigured for the QoS flows respectively the PQI(s) associated with the QoS flows, e.g. for each PQI a predefined/preconfigured DRX configuration is used. As already discussed in our previous contributions, applying a DRX configuration per PQI allows to better reflect the QoS of the sidelink service. As shown in the figure below such predefined SL DRX configuration(s), e.g. derived based on PQI of the established QoS-flows/SL RBs, are used until the peer UEs may configure a different DRX configuration by means of the RRCReconfigurationSidelink procedure, e.g. until reception of RRCReconfigurationSidelink complete message.
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Figure 2 SL DRX configuration utilized during unicast establishment procedure
Another option would be to use a common/predefined DRX configuration for unicast establishment procedure, i.e. the transmission/reception of DCR message, the security establishment procedure and DCA message and also to use after the SL unicast establishment, e.g. for the transmission/reception of SL service data, until the peer UEs may configure a different DRX configuration by means of the SL RRCReconfiguration procedure, e.g. until reception of SL RRCReconfiguration complete message. To be more specific the common/predefined DRX configuration is also used for the SL RRCReconfiguration procedure in order to configure/fine-Tune the DRX configuration between the peer UEs for a PC5 unicast link.
Alternatively, no DRX is applied after the unicast link has been established always awake, e.g. Rel-16 behaviour, until a dedicated SL DRX configuration is configured between the peer UE(s) by means of the SL RRCReconfiguration procedure. As a consequence, the PC5 RRC messages used for configuring the DRX configuration between a Rx and Tx UE for a unicast transmission which are transmitted on SL SRB3 can be sent at any point of time. However, this option would come at the expense of an increased power consumption. 
Proposal 1: RAN2 discuss the SL DRX configuration used during unicast establishment procedure, with following options
· Option 1: preconfigured SL DRX configuration for [DCR~DCA], per-PQI SL DRX configuration after DCA and until dedicate SL DRX configuration is complete
· Option 2: preconfigured SL DRX configuration after DCR and until dedicate SL DRX configuration is complete
· Option 3: UE always awake after DCR and until dedicate SL DRX configuration is complete
2.2. SL DRX configuration determination for unicast
During the email discussion [2], majority companies prefers Tx-centric way for SL DRX configuration, as in conclusion proposal 2. We have the same understanding and preference that Tx centric manner aligns legacy PC5-RRC signaling model and can adapt to the traffic arrival time at Tx UE. In our mind, Tx centric manner has following signaling procedure.
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Figure 3 Tx Centric manner for SL DRX configuration
Before Tx UE determine SL DRX configuration for the unicast link, Tx UE needs to know the related information in Rx UE, e.g. whether Rx UE apply SL DRX for SL communication, what kind of SL DRX configuration already used by Rx UE, or whether Rx UE configured Uu DRX etc. So the assistance information is necessary for Tx UE to determine SL DRX configuration, at least Tx UE needs to know whether Rx UE to use SL DRX for SL communication or not.
Proposal 2: Assistance information from Rx UE is necessary for Tx UE, and always use two-signaling procedure for SL DRX configuration
From Rx UE point of view, Rx UE is expected to minimize the power consumption while using SL DRX for reception. There may exists multiple unicast links for Rx UE, each link may have different SL DRX configuration. It is necessary that the SL DRX configuration of new setup unicast link can take into account the existing SL DRX configurations for Rx UE, so that multiple SL DRX configurations can be coordinated and maximize the power efficiency in Rx UE. In this sense, Rx UE can include existing SL DRX configuration into the assistance information, to help Tx UE determine SL DRX configuration between them. Besides, Rx UE may also configured with Uu DRX consider the UE is a power sensitive UE. It is also possible for Rx UE to include Uu DRX configuration into the assistance information and send to Tx UE. Tx UE can take all the information from Rx UE into account to determine the SL DRX configuration between them. 
Proposal 3: Assistance information from Rx UE may include information of existing SL DRX configuration and Uu DRX configuration
2.3. SL DRX timers for unicast
SL-CSI procedure

For sidelink transmission via unicast mode, UE is allowed to request SL-CSI report from peer UE, and UE can also indicate the time range for peer UE to measure and response SL-CSI measurement results. So from request UE point of view, it expect there will be SL-CSI report from peer UE in specific time range. Otherwise, if the time range passes, peer UE will not response the results and request UE does not need to monitor PSCCH for SL-CSI results anymore. In this case new timer or new active time definition is needed to support request UE receive SL-CSI report, if request UE is a power sensitive UE. For example, a new timer can be started when UE send out the SL-CSI request, and the timer value can be set to the request time range of SL-CSI report. 
Proposal 4: RAN2 to discuss SL DRX handling for SL-CSI procedure, e.g. new timer or new active time relates to SL-CSI report
SL configured grant

In Uu DRX operation the drx-inactivityTimer is not started for DL SPS(CG) transmissions. Instead drx-HARQ-RTT-TimerDL is started after transmission of DL HARQ feedback, e.g. transmitted on PUCCH. We think that for SL CG resources the Rx UE should also not start the sl-drxInactivity timer similar to the Uu interface in order to reduce the power consumption. However for the SL case Rx UE is not aware of whether a SL resource has been allocated by a SL configured grant allocation, e.g. SL CG allocated by gNB (mode 1), or allocated by a dynamic grant. Since Rx UE cannot distinguish between SL CG allocations and SL dynamic allocations the Rx UE would always start the sl-drxInactivityTimer upon reception of a SCI even for SL CG allocations which in turn would lead to an inefficient power consumption behaviour. Therefore we think that Rx UE needs to be made aware of SL CG allocations. We think that RAN2 should look at this issue and study some solutions which ensure that sl-drxInactivityTimer is not started for SL CG allocations. One option would be to explicitly indicate whether a SL resource allocation is a configured grant allocation or dynamic allocation. Accordingly, Rx UE would start the sl-drxInactivityTimer only for dynamic SL resource allocations. Alternatively, the SCI may directly indicate whether Rx UE should start the sl-drxInactivityTimer or not. The similar issue and solutions also applies to mode 2 multi-shot transmission.
Proposal 5: RAN2 to discuss how to ensure that Rx UE doesn’t start the sl-drxInactivityTimer for SL CG allocations and mode 2 multi-shot transmission. 

Another issue which was also addressed by some companies during the email discussion is the handling of reserved resource w.r.t DRX. We think that a receiving UE should consider the slots indicated in the SCI as reserved resources for further (re)transmissions as DRX ActiveTime. Correspondingly the peer Tx UE also considers those slots/subframes indicated within the SCI as DRX ActiveTime, i.e. Tx UE is allowed to transmit in those sidelink slots. The time resource assignment field in the SCI format 1-A specified in TS38.212 may indicate multiple different (reserved) time resources (slots), where future (re)transmission take place.

Proposal 6: Rx UE should consider the slots indicated in the SCI as reserved resources as ActiveTime.
Blind retransmissions/reserved resources
As discussed in the email discussion, a specific look needs to be taken at the DRX procedure/behaviour for the case where HARQ feedback is disabled, e.g. blind retransmission mode. In Uu, the drx-HARQ-RTT-TimerDL is started following the transmission of HARQ feedback by the UE. The equivalent behaviour in SL would be to start the SL-drxHARQRTTtimer following the transmission of PSFCH by the RX UE. However, this does not cover the cases where PSFCH is not transmitted by the RX UE because HARQ feedback is disabled for that transmission. Following the DRX behaviour specified for Uu, Rx UE would not transmit PSFCH for HARQ disabled transmission(s) and consequently not start the sl-HARQ_RTT timer. Therefore sl-drxRetransmissionTimer would also not be started. 
In order to ensure that UE is awake for receiving the blind retransmissions, we think some new behaviour is required. In our view it would be the simplest if Rx UEs starts a drx timer upon reception of the SCI indicating the transmission of a TB in a Blind Retransmission mode, e.g. HARQ feedback is not enabled (disabled). While the timer is running Rx UE is in ActiveTime monitoring PSCCH/PSSCH. This could be some new timer as mentioned by some other company or we could also reuse the sl-drxRetransmissionTimer. In our view is not necessary to introduce a new timer for the handling of blind retransmissions. Therefore we suggest that Rx UE starts the sl-drxRetransmissionTimer upon reception of a SCI indicating that HARQ feedback is disabled for the corresponding PSSCH.   
Proposal 7: Rx UE starts the sl-drxRetransmissionTimer upon reception of SCI indicating that HARQ feedback is disabled for the corresponding PSSCH.
3. Conclusion

In this contribution, we discussed how to handle SL DRX configuration during unicast link establishment, SL DRX configuration determination for unicast, and further details of SL DRX timers in unicast mode. Based on discussion, we have following proposals
Observation 1: it is not clear what SL DRX configuration is used for SL-SRBs during unicast establishment procedure

Proposal 1: RAN2 discuss the SL DRX configuration used during unicast establishment procedure, with following options

· Option 1: preconfigured SL DRX configuration for [DCR~DCA], per-PQI SL DRX configuration after DCA and until dedicate SL DRX configuration is complete

· Option 2: preconfigured SL DRX configuration after DCR and until dedicate SL DRX configuration is complete

· Option 3: UE always awake after DCR and until dedicate SL DRX configuration is complete
Proposal 2: Assistance information from Rx UE is necessary for Tx UE, and always use two-signaling procedure for SL DRX configuration

Proposal 3: Assistance information from Rx UE may include information of existing SL DRX configuration and Uu DRX configuration
Proposal 4: RAN2 to discuss SL DRX handling for SL-CSI procedure, e.g. new timer or new active time relates to SL-CSI report

Proposal 5: RAN2 to discuss how to ensure that Rx UE doesn’t start the sl-drxInactivityTimer for SL CG allocations and mode 2 multi-shot transmission. 

Proposal 6: Rx UE should consider the slots indicated in the SCI as reserved resources as ActiveTime.Proposal 7: Rx UE starts the sl-drxRetransmissionTimer upon reception of SCI indicating that HARQ feedback is disabled for the corresponding PSSCH.
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