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Introduction

During previous RAN2#116-e and 116bis-e meeting, agreements on SL DRX configuration for unicast have been reached as below. However, there are still issues left. In this contribution, we will further discuss SL DRX left issues.

1: The onduration timer should be included in the RX UE’s desired SL DRX configuration.

2: The DRX start offset should be included in the RX UE’s desired SL DRX configuration.

3: The DRX cycle should be included in the RX UE’s desired SL DRX configuration.

4: When TX UE doesn’t receive any assistance information from RX UE, TX UE considers that RX UE is ok with any DRX configuration (including no DRX configuration).

13: It is up to Rx UE’s implementation to determine its desired SL DRX configuration.

14: The SL DRX assistance information request from Tx UE to Rx UE is not supported in the current release.

Agreement on SL DRX configuration:

1: 
For unicast and TX UE in RRC CONNECTED and Mode 1 RA, the serving gNB of TX UE determines the SL DRX configurations for RX UE.

2:
For unicast and TX UE in RRC CONNECTD, it is up to TX UE’s gNB implementation to determine alignment between Uu DRX of TX UE and SL DRX of RX UE, i.e., no spec change is foreseen.

3:
For unicast and RX UE in RRC CONNECTED, RX UE uses an existing Uu RRC signalling to report a received SL DRX configuration to the gNB. Which RRC signalling to use will rely on outcome of the email discussion 715.

4:
For unicast and RX UE in RRC CONNECTED, it is up to RX UE to indicate either acceptance or rejection to TX UE for a received SL DRX configuration.

5:
For groupcast or broadcast, it is up to the gNB implementation to provide proper Uu DRX configuration to TX UE or RX UE, i.e., no spec change is foreseen.

6:
For unicast and TX UE in RRC CONNECTED and Mode 2 RA, TX UE determines SL DRX for RX UE.

Discussion
SL DRX configuration for exceptional case

For unicast and TX UE in RRC CONNECTED, It is agreed that  the serving gNB of mode 1 RA TX UE determines the SL DRX configurations for RX UE, and Mode 2 RA TX UE determines SL DRX for RX UE. 

As we know, if TX UE is configured with exceptional sidelink resource pool to perform sidelink transmission, when it detects Uu RLF, the RA mode of TX UE will be changed from mode 1 to mode 2, in which case the TX UE determines SL DRX for RX UE. Considering that the exceptional sidelink resource pool may be different with mode 1 normal sidelink resource pool, available sidelink transmission resource of the TX UE may be changed when the timer T310/T311 is running. Therefore, the TX UE can reconfigure SL DRX configuration for the RX UE by its own when the timer T310/T311 is running and exceptional sidelink resource pool is configured. 
For another case, during the handover procedure, according to current specification,  the HandoverPreparationInformation-IEs is sent from source gNB to target gNB, it includes the sidelinkUEinformation and UEAssistanceInformation. Besides that, the HandoverCommand is sent from target gNB to source gNB, and RRCReconfiguration is included. Which means current specification support that the target cell provides the SL DRX configuration for the RX UE to the TX UE via source cell during the handover procedure. However, as we know, before the TX UE  completes handover to the target cell, the TX UE may be configure with  exceptional sidelink resource pool. Similar as Uu RLF, the TX UE can reconfigure SL DRX configuration for the RX UE by its own when the timer T304 is running.

Observation 1: When the timer T310/T311/T304 of the TX UE is running, the TX UE may need to use exceptional sidelink resource pool to perform sidelink transmission. So the available sidelink transmission resource of the TX UE may be changed.
The TX UE can reconfigure SL DRX configuration for the RX UE by its own when the timer T310/T311/T304 is running and exceptional sidelink resource pool is configured. 
On the other hand, when the TX UE changes RA mode from mode 2 to mode 1, the serving gNB of TX UE will determine the SL DRX configurations for RX UE again. According to current agreement, the TX UE will forward the assistance information from the RX UE to the gNB at that time. However, since the RX UE does not know when does the TX UE change RA mode, it may not send assistance information at that time, even if the TX UE has stored the assistance information received before, the stored assistance information may be out of date. Considering that the TX UE has the SL DRX configuration information of the RX UE at that time, in order to avoid unnecessary change of SL DRX configuration for the RX UE, it is better for the TX UE to report the SL DRX configuration of RX UE to the serving gNB. Moreover, during the time duration between the gNB configures SL DRX for the RX UE and receives the SL DRX acceptance indication from the RX UE, the RX UE will continues to use the SL DRX configured by the TX UE before, if the gNB has not been informed of the current SL DRX configuration of the RX UE, it cannot know how to schedule sidelink resource for the TX UE.
Observation 2:  When the RA mode of TX UE is changed from mode 2 to mode 1, the RX UE continues to use the SL DRX configured by the TX UE until it receives an acceptable SL DRX configuration. If the gNB has not been informed of the SL DRX configuration  determined by TX UE of the RX UE, it cannot know how to schedule sidelink resource for the TX UE.
The TX UE should report the SL DRX configuration of RX UE to the serving gNB when it changes RA mode from mode 2 to mode 1.
SL DRX assistance information
It is agreed that RX UE may include its desired SL DRX configuration in the assistance information which is transmitted to TX UE and RX UE may send the SL DRX assistance information to TX UE when the previously transmitted SL DRX assistance information has changed during RAN2#115-e meeting.  We think it is a common sense that at least desired on duration timer, DRX cycle and start offset can be included in the assistance information. But HARQ RTT timer and re-transmission timer is not needed since they totally depend on the capability and the resource selection situation of the TX UE, so they shall not be included in the assistance information. For inactivity timer,  it may depend on the traffic pattern of the TX UE and the power saving requirement of the RX UE, so we think the  inactivity timer can be included in the desired SL DRX configuration. However, whether the desired value of inactivity timer is adopted depends on TX UE side implementation.
sl-drx-HARQ-RTT-Timer and sl-drx-RetransmissionTimer is not included in the assistance information from RX UE to TX UE. 

The desired value of sl-drx-Cycle, sl-drx-onDurationTimer, sl-drx-SlotOffset, sl-drx-InactivityTimer and sl-drx-StartOffset can be included in the assistance information from RX UE to TX UE. 
In addition, it is not clear whether only one desired SL DRX configuration can be included in the assistance information. According to our understanding, if only one desired SL DRX configuration is included in the assistance information, and the TX UE cannot configure this desired SL DRX configuration, which other SL DRX configuration shall be taken as higher priority is not clear. So we think it is better to provide all the acceptable SL DRX configurations to the TX UE, if the desired one cannot be adopted, there are still other suggestions of SL DRX configuration can be considered.

As we know, from the perspective of RX UE, in order to achieve best power saving performance, the active time for each PC5 link shall be alignment as much as possible. Thus, one simple way is to carry all the SL DRX configuration of the other PC5-S connections in the assistance information. Besides that, the RX UE can also consider to provide all the acceptable values of SL DRX parameters in the assistance information. For example, the value range of the sl-drx-Cycle, sl-drx-onDurationTimer and sl-drx-InactivityTimer, or a list of all the acceptable value of sl-drx-StartOffset and sl-drx-SlotOffset can be included in the assistance information.
Observation 3:  If only one desired SL DRX configuration is included in the assistance information, and the TX UE cannot configure this desired SL DRX configuration, which other SL DRX configuration shall be taken as higher priority is not clear. 

RAN2 is suggested to consider following two options to carry multiple sets of SL DRX configuration in the assistance information.
Option 1: All the current SL DRX configuration of the other PC5-S connections can be included in the assistance information.

Option 2: All  the acceptable values of SL DRX parameters such as value range or value list can be included in the assistance information.

It is agreed that For unicast and TX UE in RRC CONNECTED and Mode 1 RA, the serving gNB of TX UE determines the SL DRX configurations for RX UE.  Thus, for a TX UE in RRC CONNECTED and Mode 1 RA, if the serving gNB of TX UE does not support the SL DRX, it can not provide SL DRX configuration for a RX UE. However, if the TX UE has SL DRX capability, the RX UE may send the SL DRX assistance information to TX UE when the previously transmitted SL DRX assistance information has changed after receiving UECapabilityInformationSidelink  message from the TX UE. In this case, the sending of SL DRX assistance information is not useful. Thus, RX UE shall not send SL DRX assistance information  in the case that the serving gNB of  TX UE in RRC CONNECTED and Mode 1 RA is non-capable of SL DRX.
Observation 4: The sending of SL DRX assistance information is not useful  in the case that the serving gNB of TX UE in RRC CONNECTED and Mode 1 RA is non-capable of SL DRX.

RX UE shall not send SL DRX assistance information  in the case that the serving gNB of TX UE in RRC CONNECTED and Mode 1 RA is non-capable of SL DRX.

How to handle the endless negotiations for SL DRX 
According to previous agreement, how to configure SL DRX is up to TX UE implementation and whether accepting or rejecting SL DRX is up to RX UE implementation. 

However, according to our understanding, configuring SL DRX is only benefit for RX UE since it will improve power saving requirement for the RX UE, we do not see any benefit for TX UE, on the contrary, it may bring some restrictions to sidelink resource selection and increase implementation complexity for a TX UE. Therefore, we cannot take it for granted that TX UE will always consider the power saving requirement of the RX UE since it is not gNB and has no responsibility for the power saving performance of RX UE. RAN2 shall design a mechanism to ensure that the TX UE will try its best to configure suitable SL DRX for the RX UE. 

Observation 5: Configuring SL DRX for RX UE may bring restrictions to sidelink resource selection and increase implementation complexity for a TX UE. We can not take it for granted that TX UE will always consider the power saving requirement of the RX UE since it is not gNB and has no responsibility for the power saving performance of RX UE.
RAN2 should design a mechanism to ensure that the TX UE will try its best to configure suitable SL DRX for the RX UE. 
As we know, if RX UE cannot accept SL DRX configuration, it may send rejection indication to the TX UE.  In order to avoid inefficient or endless negotiations for SL DRX, we shall consider how to handle the case that the TX UE continuous configure unacceptable SL DRX configuration for multiple times. For example, if the SL DRX configuration is rejected for continuous multiple times, the RX UE can consider to use default SL DRX configuration or choose to release the PC5 link with the TX UE.

RAN2 is suggested to discuss how to handle the case that the TX UE continuous configure unacceptable SL DRX configuration for multiple times.
In addition, according to our understanding, if RX UE wants to change current SL DRX configuration, it should send assistance information to request updating the SL DRX configuration. If the RX UE does not receive SL DRX configuration from TX UE after sending the SL DRX assistance information for a long time, we think mainly reasons may be following two:
Case 1: The PC5 link failure happens, then the TX UE may not receive the assistance information or the RX UE may not receive the SL DRX configuration;
Case 2: The TX UE can not acquire the SL DRX configuration.
For the case 1, we think the RX UE can consider to release the related PC5 link. For the case 2, the RX UE can consider to use default SL DRX. However, since it is difficult to distinguish above two cases, it is better to use an unify solution. That is to release the PC5 link if RX UE does not receive SL DRX configuration from TX UE after sending the SL DRX assistance information for a long time. According to current specification, T400 is used to determine whether Sidelink radio link failure happens upon transmission of RRCReconfigurationSidelink, we think similar mechanism can be reused. For example, a new timer similar as T400 can be started upon transmission of SL DRX assistance information. And it can be stopped when the SL DRX configuration is received. If it is expired, the UE can perform the Sidelink radio link failure related actions.

A new timer similar as T400 can be introduced.  It can be started upon transmission of SL DRX assistance information. And it can be stopped when the SL DRX configuration is received. If it is expired, the UE can perform the Sidelink radio link failure related actions.

Conclusion
In this contribution, we have following observations and proposals:

Observation 1: When the timer T310/T311/T304 of the TX UE is running, the TX UE may need to use exceptional sidelink resource pool to perform sidelink transmission. So the available sidelink transmission resource of the TX UE may be changed.

Observation 2:  When the RA mode of TX UE is changed from mode 2 to mode 1, the RX UE continues to use the SL DRX configured by the TX UE until it receives an acceptable SL DRX configuration. If the gNB has not been informed of the SL DRX configuration  determined by TX UE of the RX UE, it cannot know how to schedule sidelink resource for the TX UE.
Observation 3:  If only one desired SL DRX configuration is included in the assistance information, and the TX UE cannot configure this desired SL DRX configuration, which other SL DRX configuration shall be taken as higher priority is not clear. 
Observation 4: The sending of SL DRX assistance information is not useful in the case that the serving gNB of TX UE in RRC CONNECTED and Mode 1 RA is non-capable of SL DRX.

Observation 5: Configuring SL DRX for RX UE may bring restrictions to sidelink resource selection and increase implementation complexity for a TX UE. We can not take it for granted that TX UE will always consider the power saving requirement of the RX UE since it is not gNB and has no responsibility for the power saving performance of RX UE.
The TX UE can reconfigure SL DRX configuration for the RX UE by its own when the timer T310/T311/T304 is running and exceptional sidelink resource pool is configured. 
The TX UE should report the SL DRX configuration of RX UE to the serving gNB when it changes RA mode from mode 2 to mode 1.
sl-drx-HARQ-RTT-Timer and sl-drx-RetransmissionTimer is not included in the assistance information from RX UE to TX UE. 

The desired value of sl-drx-Cycle,sl-drx-onDurationTimer, sl-drx-SlotOffset, sl-drx-InactivityTimer and sl-drx-StartOffset can be included in the assistance information from RX UE to TX UE. 
RAN2 is suggested to consider following two options to carry multiple sets of SL DRX configuration in the assistance information.
Option 1: All the current SL DRX configuration of the other PC5-S connections can be included in the assistance information.

Option 2: All  the acceptable values of SL DRX parameters such as value range or value list can be included in the assistance information.

RX UE shall not send SL DRX assistance information  in the case that the serving gNB of TX UE in RRC CONNECTED and Mode 1 RA is non-capable of SL DRX.

RAN2 should design a mechanism to ensure that the TX UE will try its best to configure suitable SL DRX for the RX UE. 
RAN2 is suggested to discuss how to handle the case that the TX UE continuous configure unacceptable SL DRX configuration for multiple times.
A new timer similar as T400 can be introduced.  It can be started upon transmission of SL DRX assistance information. And it can be stopped when the SL DRX configuration is received. If it is expired, the UE can perform the Sidelink radio link failure related actions.
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