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Introduction

During RAN2#115-e meeting, following agreements on SL DRX configuration for UC and BC/GC have been reached. However, there are still several issues left such that  and so on. In this contribution, we will further discuss the SL DRX configuration related issues based on the agreements.

Agreements on SL DRX configuration for UC:

1: 
For determining SL DRX configuration by TX UE, SL DRX capable RX UE is not mandatory to provide the SL DRX assistance information to TX UE. FFS on the interpretation if assistance information is not provided.

2:
For SL unicast, RX UE may include its desired SL DRX configuration in the assistance information which is transmitted to TX UE.

3:
For SL unicast, RX UE may send the SL DRX assistance information to TX UE when the previously transmitted SL DRX assistance information has changed.

4:
For unicast, a two-step process (i.e., RX UE accepts or rejects TX UE’s suggestion) is adopted as a baseline, i.e., FFS on the following TX/RX UE behaviours when reject happens.


• Step 1: TX UE sends RRCReconfigurationSidelink containing a SL DRX configuration to be applied by RX UE to RX UE


• Step 2: RX UE replies with a PC5-RRC signalling indicating acceptance or rejection for the SL DRX configuration. FFS on whether the new rejection cause for SL DRX needs to be defined. FFS on whether RRCReconfigurationFailureSidelink or RRCReconfigurationCompleteSidelink is used in Step 2.

5:
For unicast in IDLE/INACTIVE or OOC, in case there is no SL DRX assistance information received from RX UE, TX UE derives the value of the inactivity timer based on its implementation. FFS on the interpretation if assistance information is not provided.

6:
For unicast in IDLE/INACTIVE or OOC, if TX UE has obtained assistance information from RX UE, TX UE derives the value of the inactivity timer based on its implementation.

Agreements on SL DRX configuration for GC/BC:

1: 
For SL BC and GC, for in-coverage case, RRC_CONNECTED TX-UE/RX-UE can obtain DRX configuration from 1) SIB which is delivered via dedicated RRC signalling as in legacy, and from 2) from dedicated RRC signalling during handover, i.e., in an RRCReconfiguration message including reconfigurationWithSyn. Otherwise, RRC_CONNECTED TX-UE/RX-UE does not expect DRX configuration from dedicated RRC signalling.

2:
For BC/GC, the on-duration timer length and inactivity timer length (only for GC) are configured per QoS profile.

3:
For GC, do not pursue per-QoS or per-L2-ID configuration for RTT timer length and retransmission timer length.

4:
For BC/GC, default DRX configuration(s) can be used for QoS profile(s) which cannot be mapped into DRX configuration configured for the dedicated QoS profile(s).

5:
For BC/GC, do not pursue DRX command MAC CE in Rel-17.

Discussion
Who decides SL DRX configuration for RRC-CONNECTED UE
During RAN2#114 meeting, it is agreed that In SL unicast, for DRX configuration of each direction where one UE as Tx-UE and the other UE as Rx-UE, when Tx-UE is in-coverage and in RRC_CONNECTED state, Tx-UE may report the information received in signaling-1 (Rx->Tx) to the serving network. According to our understanding, the information received in signaling-1 (Rx->Tx) shall be taken as an assistance information for DRX configuration. when Tx-UE is in-coverage and in RRC_CONNECTED state, if Tx-UE reports the information received in signaling-1 (Rx->Tx) to the serving network, then the serving network can decide the SL DRX configuration for the Rx-UE, if the Tx UE is in mode1, it needs to monitor the downlink control channel to perform sidelink transmission, which means the DL DRX configuration of the Tx UE shall be coordinated with SL DRX configuration of the Rx UE. Considering that the Uu DRX of a RRC_CONNECTED Tx UE is decides by the gNB, if let gNB decide the SL DRX configuration of RX UE, then how to align Uu DRX of Tx UE and SL DRX of Rx UE can be up to NW implementation. Thus, it is beneficial for the serving cell of the Tx UE to determine the SL DRX configuration of the Rx UE. 

Observation 1: If Tx UE is configured with mode1, it needs to monitor the downlink control channel to perform sidelink transmission, which means the DL DRX configuration of the Tx UE shall be coordinated with SL DRX configuration of the Rx UE. 
Observation 2: If serving cell of the Tx UE decides the SL DRX configuration of RX UE, then how to align Uu DRX of Tx UE and SL DRX of Rx UE can be up to NW implementation.

If Tx UE is configured with mode 2, the UE selects sidelink resource by its own. For this case, if the network cannot acquire the available sidelink resource of the TX UE,  it is difficult for the network to configure proper SL DRX for the RX UE. So it is better for the TX UE decides SL DRX configuration of RX UE. 

Observation 3: If the network cannot acquire the available sidelink resource of the TX UE which is configured with mode 2,  it is difficult for the network to configure proper SL DRX for the RX UE.

Based on above analysis, it is better that the serving cell of the Tx UE decides the SL DRX configuration of RX UE. However, if the network cannot acquire the available sidelink resource of the TX UE which is configured with mode 2, only TX UE can decides the  SL DRX configuration of RX UE. Thus, whether TX UE or  serving cell of the Tx UE decides the SL DRX configuration of RX UE should be decides by the network for RRC-CONNECTED TX UE.
For RRC-CONNECTED TX UE, whether TX UE or serving cell of the Tx UE decides the SL DRX configuration of RX UE should be decided and indicated by the network.
How to set 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. 

According to the email discussion[1], four options of SL DRX assistance information have been discussed as follows:

	Option 1: Up to Rx UE’s implementation.
Option 2: It should consider TX UE’s traffic pattern.
Option 3: It should consider the SL DRX configuration of the other PC5-S connections of this Rx UE.
Option 4: It should consider the Uu DRX configuration of this Rx UE.


For Option 2, since TX UE’s traffic pattern is not available at RX UE, it is difficult for the RX UE to take it into consideration for SL DRX assistance information. Considering that the UE assistance information is provided by the RX UE and SL DRX configuration is decided by the TX UE, the RX UE shall carry all the information that can help decide SL DRX configuration in the assistance information, then the TX UE can decide SL DRX configuration based on the assistance information and its traffic pattern. 

In our opinion, the contents of  SL DRX assistance information may be different for different cases as below:
Case 1: the RX UE is configured with one or more SL DRX configurations of the other PC5-S connections.

Case 2: the RX UE is not configured with any SL DRX configurations for other PC5-S connections.

Case 3:the RX UE is connected with a SL DRX incapable TX UE and the SL DRX function cannot be active.
For Case 1, the RX UE wants to be configured with SL DRX and may have some desired SL DRX configuration. Option 3 should be considered for SL DRX assistance information.  For Case 2, the RX UE wants to be configured with SL DRX and may be ok with any SL DRX. For Case 3, configuring SL DRX seems not necessary since it needs to be awake all the times, in another words, it is also ok with any SL DRX configuration even if no SL DRX. The difference between Case 2 and Case 3 is whether no SL DRX is acceptable for the RX UE. But maybe neither of them will send  SL DRX assistance information to the TX UE since there is no desired SL DRX configuration. 
Observation 4:  The TX UE cannot know whether the RX UE needs to be configured with SL DRX and  ok with any SL DRX or the it does not need to be configured with SL DRX without SL DRX assistance information.

Thus, to identify above Case 2 and Case 3, the SL DRX assistance information is necessary to indicate the SL configuration request for Case 2. But for Case 3, no SL DRX assistance information is needed.

Rx UE should send SL DRX assistance information if it wants to be configured with SL DRX. If it is ok with any SL DRX configuration, the SL DRX assistance information can only carry the indication of SL configuration request.
Thus, if TX UE receive the SL DRX assistance information from the RX UE, it shall configure the SL DRX for the RX UE. Otherwise, if TX UE does not receive SL DRX assistance information from the RX UE, whether to configure SL DRX for the RX UE can be up to TX UE implementation.

If TX UE does not receive SL DRX assistance information from the RX UE, whether to configure SL DRX for the RX UE can be up to TX UE implementation.
During the email discussion, it is discussed that whether TX UE needs to send SL DRX assistance information request or not. In our opinion, whether needing configure SL DRX to acquire power saving is the requirement of the RX UE, so whether configuring SL DRX shall be decided by the RX UE. If the TX UE does not configure SL DRX and the RX UE wants to configure SL DRX, or SL DRX configuration is not suitable and the RX UE wants to change it, it can send the SL DRX assistance information to the TX UE to configure or update the SL DRX. Thus, if RX UE does not want to configure or change current SL DRX, there is no need to send assistance information to the TX UE. That means if the TX UE does not have assistance information from RX UE, it does not need to configure SL DRX for the RX UE. We can see no reason why the TX UE needs to send SL DRX assistance information request to the RX UE.
SL DRX assistance information request from TX UE should not be supported.
How to configure SL DRX for unicast
For unicast in IDLE/INACTIVE or OOC, it is agreed that if TX UE has obtained assistance information from RX UE, TX UE derives the value of the inactivity timer based on its implementation. However, there is no agreement no how to decide other SL DRX parameters such as SL DRX cycle, DRX start/slot offset, and so on. In our opinion, a unified scheme shall be used when deciding SL DRX parameter, which means TX UE derives the value of other SL DRX parameters such as SL DRX cycle, DRX start/slot offset based on its implementation, too.
After acquiring the DRX configuration assistance information, the Tx UE can determine the SL DRX configuration  for the related link according to its traffic pattern and the desired SL DRX configuration of the Rx UE.
For unicast in IDLE/INACTIVE or OOC, TX UE derives the value of SL DRX parameters such as drx-onDurationTimer, drx-Cycle, drx-SlotOffset based on its implementation.

From the viewpoint of RX UE, it may take the power saving requirement as the highest priority while from the viewpoint of RX UE, it may take the latency requirement and the resource availability as the highest priority. That means the RX UE may cannot accept the SL DRX configuration if it finds that it is configured with too much on duration time or activity time, or it is configured with too much non-overlapping wake-up time from different Tx UEs. For this case, it can send the information to reject this SL DRX configuration, it is similar like RRC Reconfiguration Failure procedure, then the RX UE shall continue using the configuration used prior to corresponding RRCReconfigurationSidelink message. During the email discussion [1], most companies suggested that Rx UE and Tx UE continue using the SL DRX configuration used prior to corresponding RRCReconfigurationSidelink message if present. That means if the Tx UE has configured a valid SL DRX for the Rx UE before, it shall continue to use this valid  SL DRX. However, if this is the first RRCReconfigurationSidelink message that includes SL DRX configuration after the peer UEs establish the PC5 link, and the RX UE rejects this SL DRX configuration, whether and which SL DRX configuration shall be used is not clear.
Observation 5: If RX UE rejects the SL DRX configuration that is included in the first RRCReconfigurationSidelink message  after the peer UEs establish the PC5 link, whether and which SL DRX configuration shall be used is not clear.

During the email discussion[1], whether SL DRX should be applied for the PC5-S messages which are sent after the DCR message and before SL unicast DRX configuration is applied has been discussed. If SL DRX is used and a default SL DRX configuration is adopted, then it is reasonable that the RX UE shall continue to use this default SL DRX configuration if RX UE rejects the SL DRX configuration that is included in the first RRCReconfigurationSidelink message after the peer UEs establish the PC5 link. If the SL DRX is not used for the PC5-S messages which are sent after the DCR message and before SL unicast DRX configuration is applied, it seems that the UE cannot use any SL DRX before it accepts the SL DRX configuration from the peer TX UE. In extreme case, some TX UE may not consider powering saving requirement of the RX UE when it decides the SL DRX configuration based on its implementation, then the RX UE may never to able to use SL DRX. To avoid this case, 

Observation 6: In extreme case, some TX UE may not consider powering saving requirement of the RX UE when it decides the SL DRX configuration based on its implementation, then the RX UE may never to able to use SL DRX if there is no default SL DRX. 
A default SL DRX should be applied for the PC5-S messages which are sent after the DCR message and before SL unicast DRX configuration is applied. 
 The RX UE shall use the default SL DRX configuration if RX UE rejects the SL DRX configuration that is included in the first RRCReconfigurationSidelink message including the SL DRX configuration after the peer UEs establishes the PC5 link.
Definition of active time for SL DRX

During the RAN2#113e meeting, it is agreed that for data reception, the UE may skip monitoring of PSCCH and 2nd SCI on PSSCH during inactive time for SL DRX. However, there is no explicit definition of active time for SL DRX. As we know, in current NR specification, for the UE in RRC connected state, if DRX parameters are configured, it shall assume it is in active time such as
drx-InactivityTimer is running, drx-RetransmissionTimerDL is running, drx-RetransmissionTimerUL is running, a Scheduling Request sent on PUCCH is pending and so on.
When it comes to sidelink, considering that the SCI may indicate the resource of next new transmission or  retransmission, which shall be monitored by the Rx UE. Thus, besides the case of  drx-Retransmission related Timer running, on duration timer and inactivity timer running, a time resource indicating in a SCI for next new transmission or retransmission shall also be considered as active time of SL DRX.

Observation 7: For sidelink, the SCI may indicate the resource of next new transmission or retransmission, which shall be monitored by the Rx UE. 
A time resource indicating in  SCI for next new transmission or  retransmission shall also be considered as active time of SL DRX.
Uu/SL alligment

During RAN2#114 meeting, it is agreed that for at least SL RX-UEs in RRC CONNECTED, the alignment of Uu DRX and SL DRX is up to gNB. FFS for SL TX-UE. For this issue, we think there is no difference between TX UE and RX UE since the TX  UE is also a RX UE when deciding its SL DRX configuration.

For SL TX-UE in RRC CONNECTED,  it is suggested that the alignment of Uu DRX and SL DRX is up to gNB.
During RAN2#114 meeting, it is agreed that In case of Mode 1 scheduling, the alignment of Uu DRX of Tx UE and SL DRX of Rx UE shall be considered. FFS on how alignment is achieved. As we analyzed in the section 2.1, in case of Mode 1 scheduling, it is better for the serving cell of the TX UE to configure the SL DRX for the RX UE.  Thus, both the Uu DRX of TX UE and the SL DRX of the RX UE is decided by the gNB. So for SL TX-UE  in RRC CONNECTED,  the alignment of Uu DRX of TX UE and SL DRX of RX UE is up to gNB, too.

In case of Mode 1 scheduling, the alignment of Uu DRX of Tx UE and SL DRX of Rx UE shall be up to gNB.
In case of Mode 2 scheduling for TX UE, if  the SL DRX configuration of RX UE is decides by the TX UE, the TX UE shall send the SL DRX configuration of the RX UE to the network, then the serving cell can decides whether to update Uu DRX of the TX UE. 

If the SL DRX configuration of RX UE is decides by the TX UE, the TX UE shall send the SL DRX configuration of the RX UE to the network, then the serving cell can decides whether to update Uu DRX. 
If the RRC CONNECTED UE is configured with sidelink DRX for SL groupcast/broadcast, it shall reports the related SL DRX configuration to the serving cell, then the serving cell can decides whether to update Uu DRX. 

If the RRC CONNECTED UE is configured with sidelink DRX for SL groupcast/broadcast, it shall reports the related SL DRX configuration to the serving cell, then the serving cell can decides whether to update Uu DRX. 

Conclusion

Based on the analysis provided above, we have the following observation and proposals:

Observation 1: If Tx UE is configured with mode1, it needs to monitor the downlink control channel to perform sidelink transmission, which means the DL DRX configuration of the Tx UE shall be coordinated with SL DRX configuration of the Rx UE. 
Observation 2: If serving cell of the Tx UE decides the SL DRX configuration of RX UE, then how to align Uu DRX of Tx UE and SL DRX of Rx UE can be up to NW implementation.

Observation 3: If the network cannot acquire the available sidelink resource of the TX UE which is configured with mode 2,  it is difficult for the network to configure proper SL DRX for the RX UE.

Observation 4: The TX UE cannot know whether the RX UE needs to be configured with SL DRX and  ok with any SL DRX or the it does not need to be configured with SL DRX without SL DRX assistance information.

Observation5:If RX UE rejects the SL DRX configuration that is included in the first RRCReconfigurationSidelink message  after the peer UEs establish the PC5 link, whether and which SL DRX configuration shall be used is not clear.

Observation 6: In extreme case, some TX UE may not consider powering saving requirement of the RX UE when it decides the SL DRX configuration based on its implementation, then the RX UE may never to able to use SL DRX if there is no default SL DRX. 

Observation 7: For sidelink, the SCI may indicate the resource of next new transmission or retransmission, which shall be monitored by the Rx UE. 
For RRC-CONNECTED TX UE, whether TX UE or serving cell of the Tx UE decides the SL DRX configuration of RX UE should be decided and indicated by the network.
Rx UE should send SL DRX assistance information if it wants to be configured with SL DRX. If it is ok with any SL DRX configuration, the SL DRX assistance information can only carry the indication of SL configuration request.
If TX UE does not receive SL DRX assistance information from the RX UE, whether to configure SL DRX for the RX UE can be up to TX UE implementation.
SL DRX assistance information request from TX UE should not be supported.
For unicast in IDLE/INACTIVE or OOC,TX UE derives the value of SL DRX parameters such as drx-onDurationTimer, drx-Cycle, drx-SlotOffset based on its implementation.

A default SL DRX should be applied for the PC5-S messages which are sent after the DCR message and before SL unicast DRX configuration is applied. 
 The RX UE shall use the default SL DRX configuration if RX UE rejects the SL DRX configuration that is included in the first RRCReconfigurationSidelink message including the SL DRX configuration after the peer UEs establishes the PC5 link.
A time resource indicating in  SCI for next new transmission or  retransmission shall also be considered as active time of SL DRX.
For SL TX-UE  in RRC CONNECTED,  it is suggested that the alignment of Uu DRX and SL DRX is up to gNB.
In case of Mode 1 scheduling, the alignment of Uu DRX of Tx UE and SL DRX of Rx UE shall be up to gNB.
If the SL DRX configuration of RX UE is decides by the TX UE, the TX UE shall send the SL DRX configuration of the RX UE to the network, then the serving cell can decides whether to update Uu DRX. 
If the RRC CONNECTED UE is configured with sidelink DRX for SL groupcast/broadcast, it shall reports the related SL DRX configuration to the serving cell, then the serving cell can decides whether to update Uu DRX. 
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