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Introduction

During RAN2#114-e meeting, following agreements on TX-UE centric or RX-UE centric DRX configuration determination have been reached. To put it simply, TX-UE centric manner for SL unicast DRX configuration is adopted and DRX assistant information from RX UE are needed. However, there are still several issues left such that how does the TX-UE decide the DRX configuration,what is the content of DRX assistant information and so on.
In this contribution, we will further discuss the SL DRX configuration related issues based on the agreements.

Agreements on TX-UE centric or RX-UE centric DRX configuration determination

1: 
In SL unicast, for DRX configuration of each direction where one UE as Tx-UE and the other UE as Rx-UE, support signalling exchange including both 1) Signaling-1: signalling from RX-UE to TX-UE, and 2) Signaling-2: signalling from TX-UE to RX-UE.

2:
For SL unicast, TX-UE centric DRX configuration based on the assistance information from RX-UE is agreed as baseline.

2a: 
In SL unicast, for DRX configuration of each direction where one UE as Tx-UE and the other as Rx-UE, signaling-1 (Rx->Tx) is carried via a new PC5-RRC message, from Rx-UE to Tx-UE.

2b:
In SL unicast, for DRX configuration of the direction where one UE as Tx-UE and the other as Rx-UE, signaling-2 (Tx->Rx) is carried via RRCReconfigurationSidelink, to deliver DRX configuration from Tx-UE to Rx-UE.

3:
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.

4:
In SL unicast, for DRX configuration of each direction where one UE as Tx-UE and the other as Rx-UE, when Tx-UE is in-coverage and in RRC_CONNECTED state, Tx-UE may obtain DRX configuration from dedicated RRC to generate signalling-2 (Tx->Rx).

5:
In SL unicast, for DRX configuration of each direction where one UE as Tx-UE and the other as Rx-UE, when Rx-UE is in-coverage and in RRC_CONNECTED state, Rx-UE report the DRX configuration received in signalling-2 (Tx->Rx) to the serving network.

Discussion
Who decides SL DRX configuration 

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 assistant 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. 
If Tx UE is configured with mode 1, it is suggested that serving cell of the Tx UE 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.

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 2: 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.
It is suggested to consider that the Tx UE configured with mode2 decides SL DRX configuration of Rx UE if the network cannot acquire the available sidelink resource of the TX UE.

If Tx UE is in RRC-IDLE/INACTIVE state or out of coverage, only Tx UE can decides SL DRX configuration of Rx UE.

If the Tx UE is in RRC-IDLE/INACTIVE state or out of coverage, it is suggested that the Tx UE decides SL DRX configuration of Rx UE.
How to decides DRX configuration 
Considering that Tx UE can only determine  the SL DRX configuration for the link between the Tx UE its own and the Rx UE, to avoid that different Tx UEs configure non-overlapping wake-up time for the same RX UE which is not beneficial for power saving, Rx UE can send the suggested SL DRX configuration to the Tx UE before the Tx UE determines  SL DRX configuration. For example, the suggested SL DRX can be the current SL DRX configuration for other PC5 link and/or for groupcast/broadcast.  Figure 1 shows a sidelink DRX configuration procedure if TX UE decides  SL DRX configuration of Rx UE. 
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Figure1 sidelink DRX configuration procedure
Rx UE shall send a suggested SL DRX configuration to Tx UE in the DRX configuration assistant information via a new PC5-RRC message.
After acquiring the DRX configuration assistant information, the Tx UE can determine the SL DRX configuration  for the related link according to its traffic pattern and the suggested SL DRX configuration of the Rx UE.

However, after the Rx UE receives the SL DRX configuration from Tx UE, 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 which brings that the power saving requirements cannot be met, it may think the SL DRX configuration is not suitable. To avoid using inappropriate SL DRX for a corresponding link, several alternatives can be considered as follows:

Alternative 1:  the network configures the mapping rules between QoS and cycle, and  provides allowable values for other SL DRX parameters such as on duration timer, inactivity timer, DRX slotoffset and  DRX start offset for each cycle.
Then TX UE selects one cycle based on the Qos information. And selects other SL DRX parameters including such as on duration timer, inactivity timer, and DRX slotoffset or DRX start offset based on SL DRX cycle.
Alternative 2: the RX UE sends one or more suggested SL DRX cycles and provide all the allowable values for other SL DRX parameters such as on duration timer, inactivity timer, and DRX slotoffset or DRX start offset for each cycle.
Then TX UE selects one cycle and other SL DRX parameters including such as on duration timer, inactivity timer, and DRX slotoffset or DRX start offset based on SL DRX cycle.
RAN2 is suggested to consider following two alternatives to help TX decide SL DRX configuration for RX UE.
Alternative 1:  the network configures the mapping rules between QoS and cycle, and  provides allowable values for other SL DRX parameters such as on duration timer, inactivity timer, DRX slotoffset and  DRX start offset for each cycle.

Alternative 2: the DRX configuration assistant information sent by the RX UE includes suggested SL DRX cycles and all the allowable values for other SL DRX parameters such as on duration timer, inactivity timer, and DRX slotoffset or DRX start offset for each cycle.
However, if Rx UE still think the SL DRX configuration configured by the TX UE is not suitable, 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. For example,  if the Tx UE has configured a valid SL DRX for the Rx UE before, it shall continue to use this valid  SL DRX, otherwise, the Rx UE shall use the suggested DRX carried in the DRX assistant information.

Moreover，Rx UE can also send a SL DRX adjustment request information to the Tx UE. Then the TX UE can update the SL DRX configuration.
If Rx UE cannot accept the SL DRX configuration from the Tx UE,  it can send the information to reject the DRX configuration. Moreover, the SL DRX adjustment request information can also be considered. 

If Rx UE rejects the SL DRX configuration from the TX UE, it shall continue to use the SL DRX configuration used before. 
When to trigger SL DRX Command MAC CE
It is agreed that SL DRX Command MAC CE is introduced for SL DRX operation in unicast in RAN2#113e meeting. Then we will further discuss when to  trigger SL DRX MAC CE for TX UE. According to our understanding,  if TX UE  has no data or predict no data is coming for a long time, it shall send the MAC CE. During the NR Uu DRX, when to send DRX MAC CE depends on NW implementation. As regard to SL DRX,  leaving it as TX UE implementation is the simplest way. However, it is difficult to ensure that  TX UE will send this SL DRX Command MAC CE if it has no data or predict no data is coming for a long time, which may cause unnecessary power consume for the RX UE. 
Observation 3: if when to trigger SL DRX Command MAC CE is up to TX UE implementation, it is difficult to ensure that TX UE will send the SL DRX Command MAC CE if it has no data or predicts no data is coming for a long time, which may cause unnecessary power consume for the RX UE.
Thus, to avoid above issues, it is suggested to specify that when there is no data available for transmission in the RLC entity or in the PDCP entity or for any of the logical channels which belong to the associated destination id,  TX UE shall send the SL DRX Command MAC CE to the RX UE.

It is suggested to specify that when there is no data available for transmission in the RLC entity or in the PDCP entity or for any of the logical channels which belong to the associated destination id,  TX UE shall send the SL DRX Command MAC CE to the RX UE.
SL DRX configuration for groupcast
For SL groupcast/broadcast, during RAN2#114 meeting, it is agreed that For GC/BC, DRX cycle(s) is configured per QoS profile. FFS on the need of down-select one DRX cycle from available DRX cycles for a specific L2 DST ID if UE has multiple QoS profiles for same DST L2 ID.
In our opinion, there is no strong reason to select only one DRX cycle and it has impacts on specification. We think it is easier to keep all the DRX cycles for a specific L2 DST ID. 

It is suggested to keep all the DRX cycles for a specific L2 DST ID for groupcast/broadcast.
Regarding to on-duration timer, as we know, it controls the ratio of active time within one DRX period. For a specific DRX cycle, large value of on-duration timer increase the power consumption but decrease the latency. In contrast, small value of on-duration timer is more beneficial to power saving but increase the latency. Therefore it shall be associated to DRX cycle which means the value of on-duration timer shall be configured together with the DRX cycle.

On-duration timer is configured together with the DRX cycle for groupcast/broadcast.
Regarding to sl-drx-StartOffset or drx-SlotOffset, it is agreed that For GC/BC, sl-drx-startoffset is set based on DST L2 ID in RAN2#114 meeting. Similarly, the sl-drx-SlotOffset shall also set based on DST L2 ID.
drx-SlotOffset is suggested to be set based on DST L2 ID for SL groupcast/broadcast.
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 4: 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.
DRX configuration during layer-2 link establishment procedure
As we know, before a pair of UEs establish sidelink unicast connection,  they shall perform layer-2 link establishment procedure first. During the layer-2 link establishment procedure, UE has no way to acquire the DRX configuration information of the potential pair UE. if a UE determines to send a Direct Communication Request message, which DRX configuration shall be taken into consideration is FFS. On the other hand, if a UE determines to monitor the Direct Communication Request message for PC5 unicast link establishment,  which DRX configuration shall be used is also FFS. Similarly, for the subsequent security establishment message and Direct Communication Accept  message during the layer-2 link establishment procedure, which DRX configuration shall be taken into consideration for transmission and reception is FFS.
Observation 5: During the layer-2 link establishment procedure, the sidelink message such as Direct Communication Request message and Direct Communication Accept is sent via sidelink broadcast manner.

Considering that the  Direct Communication Request message is sent via sidelink broadcast, the DRX configuration for broadcast can be reused. 

It is suggested to use DRX configuration for broadcast during the layer-2 link establishment procedure.
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. 

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. 
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 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 3: if when to trigger SL DRX Command MAC CE is up to TX UE implementation, it is difficult to ensure that TX UE will send the SL DRX Command MAC CE if it has no data or predicts no data is coming for a long time, which may cause unnecessary power consume for the RX UE.
Observation 4: For sidelink, the SCI may indicate the resource of next new transmission or retransmission, which shall be monitored by the Rx UE. 
Observation 5: During the layer-2 link establishment procedure, the sidelink message such as Direct Communication Request message and Direct Communication Accept is sent via sidelink broadcast manner.

If Tx UE is configured with mode 1, it is suggested that serving cell of the Tx UE 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.

It is suggested to consider that the Tx UE configured with mode2 decides SL DRX configuration of Rx UE if the network cannot acquire the available sidelink resource of the TX UE.

If the Tx UE is in RRC-IDLE/INACTIVE state or out of coverage, it is suggested that the Tx UE decides SL DRX configuration of Rx UE.
Rx UE shall send a suggested SL DRX configuration to Tx UE in the DRX configuration assistant information via a new PC5-RRC message.
RAN2 is suggested to consider following two alternatives to help TX decide SL DRX configuration for RX UE.
Alternative 1:  the network configures the mapping rules between QoS and cycle, and  provides allowable values for other SL DRX parameters such as on duration timer, inactivity timer, DRX slotoffset and  DRX start offset for each cycle.

Alternative 2: the DRX configuration assistant information sent by the RX UE includes suggested SL DRX cycles and all the allowable values for other SL DRX parameters such as on duration timer, inactivity timer, and DRX slotoffset or DRX start offset for each cycle.
If Rx UE cannot accept the SL DRX configuration from the Tx UE,  it can send the information to reject the DRX configuration. Moreover, the SL DRX adjustment request information can also be considered. 

If Rx UE rejects the SL DRX configuration from the TX UE, it shall continue to use the SL DRX configuration used before. 
It is suggested to specify that when there is no data available for transmission in the RLC entity or in the PDCP entity or for any of the logical channels which belong to the associated destination id,  TX UE shall send the SL DRX Command MAC CE to the RX UE.
It is suggested to keep all the DRX cycles for a specific L2 DST ID for groupcast/broadcast.
On-duration timer is configured together with the DRX cycle for groupcast/broadcast.
drx-SlotOffset is suggested to be set based on DST L2 ID for SL groupcast/broadcast.
A time resource indicating in  SCI for next new transmission or  retransmission shall also be considered as active time of SL DRX.
It is suggested to use DRX configuration for broadcast during the layer-2 link establishment procedure.
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.
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. 
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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