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Introduction

During RAN2#113bis-e meeting, the sidelink DRX were discussed and lot of agreements have been reached on DRX configuration and timers. In this contribution, we will further discuss the SL DRX configuration related issues for unicast and groupcast/broadcast based on the agreements and email discussion in previous RAN2 meeting. In addition, we will also discuss the definition of active time for SL DRX, DRX configuration during layer-2 link establishment procedure and backward compatibility issues.
Discussion
SL DRX configuration for unicast

Granularity of SL DRX 
According to the agreements during RAN2#113e meeting, 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. In  our opinion, since it is also agreed that for unicast, for OOC scenario, adopt per-direction DRX configuration is as baseline during RAN2#113e meeting, we cannot find any reason why SL DRX operates for both directions for IC scenario while per direction for OOC scenario. The traffic characteristic may be different on different directions, which require different DRX configuration. For example, for V2P case, maybe only the pedestrian UE needs to configure DRX but the peer vehicle UE does not need to configure DRX. Thus, SL DRX operates for both directions makes the DRX configuration not flexible.
For SL unicast (after SL unicast link is established), SL DRX configuration shall be configured per direction for both OOC and IC scenarios.
Who decides DRX configuration for unicast

According to the email discussion [704][V2X/SL] Tx UE centric or Rx UE centric DRX configuration determination,  there was a discussion about the remained issues regarding who will determine DRX configurations (including Tx UE centric vs Rx UE centric DRX configuration determination), covering both in and out of coverage scenario. During the email discussion, a lot of signaling related to DRX configuration between Tx UE and Rx UE have been discussed. However, there is no clear conclusion about who determines SL DRX configuration. According to our understanding, the Tx UE knows the traffic QoS requirement and the traffic pattern which may have impacts on DRX cycle and offset of the Rx UE. And the Rx UE knows its power saving requirement and can coordinate all the traffic QoS requirement from different peer UE. Therefore, both the Tx UE and the Rx UE can be involved in determining the SL DRX configuration for a Rx UE. 
Table1 comparison between TX UE side and RX UE side

	
	pros
	cons

	TX UE side decides the DRX configuration for the peer UE
	The Tx UE knows the traffic QoS requirement and the available SL resource
	If different TX UE configure different SL DRX active time, it may lead the RX UE to be awaken on most occasions, which is not desirable in terms of power saving. 

	RX UE side decides the DRX configuration for its own
	It can configure overlapping SL DRX active time for different destination to avoid that the UE be awake on most occasions. And the network can adjust the DL DRX to be aligned with SL DRX for the RRC connected UE.
	The Tx UE may have no available resource to send the data during the active time of the Rx UE. Multiple Tx UEs linked with same RX UE may select resource over same range of resource pool.


Considering that if Rx UE side decides the DRX configuration, the Tx UE may have no available resource to send the data during the active time of the Rx U since the RX UE has no available tx resource information of the TX UE. So TX-centric solution seems better. Moreover, Based on the proposal 3 listed in the email discussion [704][V2X/SL], TX-centric solution is supported by majority (16/21).

Tx UE side makes the final decision of SL DRX configuration for Rx UE.
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. Then the Tx UE determines the SL DRX configuration  for the related link according to its traffic pattern and the suggested SL DRX configuration of the Rx UE. Moreover, after receiving SL DRX configuration from TX UE, the RX UE can also send suggested SL DRX configuration to Tx UE if it finds current DRX configuration is not suitable.
Rx UE shall send a suggested SL DRX configuration to Tx UE as the DRX configuration assistant information via a new PC5-RRC message.
Moreover, 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. 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 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. 
If Tx UE is in mode1, the serving cell of the Tx UE shall determine the SL DRX configuration for  Rx UE.
However, after the Rx UE receives the SL DRX configuration from Tx UE, if it cannot accept the SL DRX configuration, for example, the Rx UE 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 can send the information to reject the DRX configuration or the SL DRX adjustment request information to the Tx UE. After that the Tx UE shall 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 or the SL DRX adjustment request information to the Tx UE. 

SL DRX configuration for groupcast
For SL groupcast/broadcast, it is agreed that further granularity to multiple sets of DRX configurations (beyond just cast type) is required i.e. more than two DRX Cycle configurations should be supported in specification and RAN2 will study/discuss how PQI and/or L2 destination ID is used to derive groupcast and broadcast DRX configuration.

DRX cycle
According to the email discussion [1], the majority companies think DRX cycle should take at least QoS requirement into consideration and the network can configure mapping relationship between PC5 QoS profile and SL DRX cycle.  According to the latest SA2 SI Phase’s output in 23.776, the V2X layer of Rx UE passes the PC5 QoS parameters together with the corresponding destination layer-2 ID(s) for reception to the AS layer. Then both the Tx UE and Rx UE can acquire the PC5 QoS parameters based on the destination layer-2 ID, and further derive the SL DRX cycle based on the PC5 QoS parameters. However, since there can be more than one PQIs associated with a specific L2 DST ID, there may be multiple DRX cycles for a specific L2 DST 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. 

The network shall configure mapping relationship between PC5 QoS and SL DRX cycle.  

It is suggested to keep all the DRX cycles for a specific L2 DST ID for groupcast/broadcast.
on-duration timer 

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.
sl-drx-StartOffset or drx-SlotOffset 
In our opinion, when UE wakes up does not influence the QoS, so the startoffset and slotoffset for a DRX cycle can be configured without considering the QoS requirement. Moreover,if the startoffset and slotoffset is configured together with the DRX cycle per QoS, for different traffic of SL groupcas/broadcast that belongs to different L2 DST ID, if they have same PC5 QoS parameters, they may have be configured with the same wake up time. However, if they wake up at the same time, it may cause congestion and increase the probability of resource collision. In order to avoid congestion and decrease the the probability of resource collision, it is better to configure different sl-drx-StartOffset or drx-SlotOffset for different groupcast/broadcast services(i.e, per L2 DST ID),  then they will not wake up at the same time.

Observation 2:  Maybe lots of UEs involved in different groupcast/broadcast services are configured with the same SL DRX cycle. If they wake up at the same time, it may cause congestion and increase the probability of resource collision. 

 sl-drx-StartOffset or drx-SlotOffset is suggested to configured per L2 DST ID for SL groupcast/broadcast.
Inactivity timer
During the RAN2#113bis meeting, it is agreed that SL Inactivity timer is supported for groupcast. FFS on the scenarios where it is supported and the SL inactivity timer value may take into consideration the QoS. If the Inactivity timer is configured together with the DRX cycle per QoS for groupcast. Since there can be more than one PQIs associated with a specific L2 DST ID, there may be multiple values of Inactivity timer for a specific L2 DST ID. However, different with DRX cycle, it is not suitable to maintain multiple inactivity timers for a L2 DST ID for SL groupcast. So if Inactivity timer is configured together with the DRX cycle per QoS for groupcast, RAN2 shall design a mechanism to down-select only one value of the Inactivity timer for a specific L2 DST ID for groupcast which may be very complicated. Thus, we think the simplest way is to configure only one inactivity timer for all groupcast..
Only one  Inactivity timer is maintained for a specific L2 DST ID for groupcast.
Only one value of the Inactivity timer is configured for groupcast.
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 3: 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 4: During the layer-2 link establishment procedure, which DRX configuration shall be taken into consideration for transmission and reception is FFS.

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.

Backward compatibility issue

As we know, the UE may initiate the sidelink UE capability transfer procedure after they have established PC5 RRC connection. After that, they may configure dedicated DRX configuration for each other. If any of the UE is a R16 UE which does not support DRX capability, the DRX function will not be active. However, there is no sidelink UE capability transfer procedure for sidelink groupcast/broadcast, but both DRX-capable UEs and DRX-incapable UEs (such as a R16 UE) may be involved in the same sidelink group or the same broadcast service, if  a DRX-capable RX UE performs sidelink reception with DRX but a DRX-incapable TX UE performs sidelink transmission without considering DRX, the RX UE may miss the sidelink message from this DRX-incapable TX UE. 
Observation 5:  There is no sidelink UE capability transfer procedure for sidelink groupcast/broadcast, but both DRX-capable UEs and DRX-incapable UEs may be involved in the same sidelink group or the same broadcast service.

Observation 6: If a DRX-capable RX UE performs sidelink reception with DRX but a DRX-incapable TX UE performs sidelink transmission without considering DRX, the RX UE may miss the sidelink message from this DRX-incapable TX UE.

Therefore, RAN2 shall consider a mechanism to ensure that DRX-capable UE will not miss sidelink  message from a  DRX-incapable UE due to DRX. 
RAN2 is suggested to study how to ensure that DRX-capable UE will not miss sidelink  message from a  DRX-incapable UE due to DRX.
Conclusion

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

Observation 1: if the Tx UE 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:  Maybe lots of UEs involved in different groupcast/broadcast services are configured with the same SL DRX cycle. If they wake up at the same time, it may cause congestion and increase the probability of resource collision. 
Observation 3: For sidelink, the SCI may indicate the resource of next new transmission or retransmission, which shall be monitored by the Rx UE. 

Observation 4: During the layer-2 link establishment procedure, which DRX configuration shall be taken into consideration for transmission and reception is FFS.

Observation 5:  There is no sidelink UE capability transfer procedure for sidelink groupcast/broadcast, but both DRX-capable UEs and DRX-incapable UEs may be involved in the same sidelink group or the same broadcast service.

Observation 6: If a DRX-capable RX UE performs sidelink reception with DRX but a DRX-incapable TX UE performs sidelink transmission without considering DRX, the RX UE may miss the sidelink message from this DRX-incapable TX UE.
For SL unicast (after SL unicast link is established), SL DRX configuration shall be configured per direction for both OOC and IC scenarios.
Tx UE side makes the final decision of SL DRX configuration for Rx UE.
Rx UE shall send a suggested SL DRX configuration to Tx UE as the DRX configuration assistant information via a new PC5-RRC message.
If Tx UE is configured with mode1, the serving cell of the Tx UE shall determine the SL DRX configuration for  Rx UE.
If Rx UE cannot accept the SL DRX configuration from the Tx UE,  it can send the information to reject the DRX configuration or the SL DRX adjustment request information to the Tx UE. 

The network shall configure mapping relationship between PC5 QoS and SL DRX cycle.  

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.
 sl-drx-StartOffset or or drx-SlotOffset is suggested to configured per L2 DST ID for SL groupcast/broadcast.
Only one  Inactivity timer is maintained for a specific L2 DST ID for groupcast.
Only one value of the Inactivity timer is configured for groupcast.
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.

RAN2 is suggested to study how to ensure that DRX-capable UE will not miss sidelink  message from a  DRX-incapable UE due to DRX.
Reference

[1] R2-2104474,
[AT113bis-e][708][V2X/SL] DRX configuration for SL groupcast and broadcast
ZTE
discussion
Rel-17
NR_SL_enh-Core

3GPP


