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[bookmark: _Ref488331639][bookmark: _Ref178064866]Introduction
This paper will discuss some left issues on control plane procedure for UC DRX from RAN2 #117 meeting. For unicast DRX configuration for different RRC states/modes/coverage status, we have made the following agreements
	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.
6:	For unicast and TX UE in RRC CONNECTED and Mode 2 RA, TX UE determines SL DRX for RX UE.
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.
1: 	UE uses SUI to report sidelink DRX configuration or sidelink assistance information to its serving gNB.
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.
6:	UE reports sidelink DRX configuration to its serving gNB, upon accepting sidelink DRX configuration information from the peer UE.



According to the above agreements, the unicast DRX configuration may with or without network involvement based on Tx/Rx UE’s RRC state/mode/coverage. In this paper, we will discuss the FFS points involve or not involve network separately.
Discussion
FFS points related to PC5 signalling between Tx/Rx UE
For UC, for a Tx UE in mode 2 and Rx UE not in RRC connected state, i.e., in case there is no network involvement, the configuration procedure and left issues in the procedure is summarized as follows


Figure 1. SL DRX configuration procedure in UC
As shown in the above figure, there are 5 FFS points of the control plane procedure for UC DRX:
1. Whether include inactivity timer in assistance information from Rx UE to Tx UE;
2. The content of values of the desired SL DRX timers, i.e., using multi-set of timers or value range for each timer;
3. Whether/what DRX configuration should be applied to the transmission/reception of RRCReconfigurationCompleteSidelink message;
4. Whether use RRCReconfigurationCompleteSidelink or RRCReconfigurationFailureSidelink to reject a DRX configuration.
5. When reject happens, DRX configuration to be used for the non-initial configuration case.
FFS1: Inactivity timer in assistance information
In last RAN2 meeting, it is concluded on not including RTT and retransmission timer in the assistance information but leave FFS for inactivity timer.
Recommendation 2.1.1-3a: Not include inactivity timer [11/16], HARQ RTT timer [12/14] or re-transmission timer [12/14] in assistance information from Rx UE to Tx UE.
Not include HARQ RTT timer and retransmission timer in assistance information from RX UE to TX UE. FFS on inactivity timer.
The companies support including inactivity timer in assistance information think inactivity timer has some impact on Rx UE’s power saving, however
· Inactivity timer running are more related to traffic pattern, which is unknown to Rx UE;
· Even if inactivity timer in assistance information is included, the power saving gain for Rx UE is doubtful since it is difficult to align the active time caused by inactivity timer running between different links considering the running of inactivity timer is quite dynamic.
Therefore, there is no need to include inactivity timer in assistance information.
[bookmark: _Toc101810692]Not include inactivity timer in assistance information from RX UE to TX UE.
FFS2: The values of timers in assistance information
In [1], whether single or multiple DRX timer values should be included in the assistance information has been discussed and multiple values has been agreed. 
In assistance information from Rx UE to Tx UE, multiple DRX settings can be included (detailed signalling format can be left to RRC running-CR discussion).
As in the above RAN2 agreement, the detailed signalling format has been left to RRC running-CR discussion, and in the RRC running CR, the following Editor’s note has been added
Editor’s note: values for onduration, startoffset, cycle in UE preferred DRX configuration are FFS.
There are 2 alternatives on the table:
· Alt1: Using multiple set of timers;
· Alt2: Using value range of each timer;
Both the 2 Alts work and Alt2 is more preferred since:
· Compare to using multiple sets, using value range of each timer can save more bits, i.e., more efficient;
· It also leaves some flexibility to Tx UE to adjust the DRX setting according to its traffic pattern, i.e., more flexible;
Therefore, value range of each timer in assistance information is more preferred.
[bookmark: _Toc101810693]Use value range of each timer in assistance information to express the multiple desired DRX settings.
FFS3: Transmission of RRCReconfigurationCompleteSidelink message
The following agreement has been made in last RAN2 meeting.
(modified) For messages delivery after PC5-S DCR message until and including PC5-RRC RRCReconfigurationSidelink message including initial DRX configuration, UE remains in active. FFS on PC5-RRC RRCReconfigurationSidelinkComplete.
For the FFS point, assuming UE1 is the UE transmitted the RRCReconfigurationSidelink while UE2 is the UE responded the RRCReconfigurationSidelinkComplete message,
· the RRCReconfigurationSidelinkComplete is a traffic from UE2 to UE1;
· and the SL DRX in UC is per-direction defined.
Therefore, for UE1(the UE receiving RRCReconfigurationSidelinkComplete), the transmission/reception of RRCReconfigurationSidelinkComplete message should follow the SL DRX configuration/status of the direction from UE2 to UE1, i.e., the transmission/configuration of/in RRCReconfigurationSidelink doesn’t impact the reception of the respond RRCReconfigurationSidelinkComplete message. 
[bookmark: _Toc101810681]By following the per-direction SL DRX in unicast, there is no left issue for the DRX-based delivery of RRCReconfigurationSidelinkComplete since the reception of RRCReconfigurationSidelinkComplete follows the DRX configuration of the reverse direction (transmitter of RRCReconfigurationSidelinkComplete as Tx, and receiver of RRCReconfigurationSidelinkComplete as Rx). 
Then for UE2 (the UE transmitting RRCReconfigurationSidelinkComplete), in Uu DRX, UE will apply the DRX configuration contained in RRCReconfigurationSidelink upon reception of RRCReconfiguration and the NW behaviour is not restricted in the specification.
[bookmark: _Toc101810682]For Uu interface, UE would apply the DRX configuration upon reception of RRCReconfiguration message, and it is up to network implementation on when to start apply the new DRX configuration contained in the transmitted RRCReconfiguration message.
Besides, for legacy sidelink configurations, Rx UE applies them upon reception of the RRCReconfigurationSidelink, and the same mechanism can be used for sidelink DRX configuration.
Therefore, Rx UE in sidelink, the Uu and other sidelink configuration mechanism can be inherited, i.e., Rx UE applies sidelink DRX configuration upon reception of the RRCReconfigurationSidelink message and thus there is also no left issue from Rx UE perspective. 
[bookmark: _Toc101810683]By following Uu principle, for the UE receiving RRCReconfigurationSidelink, there is no left issue since, as for other configurations, it should be applied upon the reception of RRCReconfigurationSidelink.
According to the above analysis, the FFS point can be removed from both Tx and Rx UE perspective.
[bookmark: _Toc101810694]Remove the FFS of “FFS on PC5-RRC RRCReconfigurationSidelinkComplete.”. 
FFS4: The message to reject SL DRX configuration
The issue whether to use RRCReconfigurationCompleteSidelink or RRCReconfigurationFailureSidelink for Rx UE to reject SL DRX configuration has been discussed a long time. Both messages seem workable and have their own pros and cons. The key point is the relationship of rejection of SL DRX configuration and other legacy SL configurations, for which companies’ views summarized as follows:
Table 1. Companies’ view of using which signalling to express the rejection
	
	Using RRCReconfigurationCompleteSidelink
	Using RRCReconfigurationFailureSidelink

	RRCReconfigurationSidelink includes only SL DRX configuration
	Feasible but with concern of using “complete” message while no configuration is applied
	OK

	RRCReconfigurationSidelink not includes SL DRX configuration
	Feasible
	Feasible but with concern of using failure message but all configurations are applied

	RRCReconfigurationSidelink includes both SL DRX and other legacy configurations
	OK
	Feasible but with the concern of some further FFS points:
1. Is the “Failure” message means Rx UE reject all other legacy SL configuration as well or just SL DRX is rejected, i.e., how to differentiate the case when only SL DRX is rejected, only non SL DRX is rejected, and both DRX and non-DRX configuration is rejected.
2. For Tx UE in RRC connected, is it still need to report SUI to NW following the legacy failure reporting procedure, or having to rely on a new procedure, and how to differentiate.


For the concern of using RRCReconfigurationCompleteSidelink, it is of no big issue since the UE behaviour is clear for both Tx UE and Rx UE, i.e., Tx UE is aware of only SL DRX configuration is included in the RRCReconfigurationSidelink thus is clear which configuration is applied which is not;
For the concern of using RRCReconfigurationFailureSidelink, it is more complicated since 1) Tx UE cannot be aware of whether the legacy SL DRX can be applied or not, even with the SL DRX reject indication introduced (i.e., it can be either only SL DRX rejection or SL-DRX rejection + non-SL-DRX rejection as the reason for RRCReconfigurationFailureSidelink). 3) how to handle the differentiation between legacy failure reporting procedure and the new SL-DRX reporting procedure.
[bookmark: _Toc101810695]Using RRCReconfigurationCompleteSidelink with an indication to reject the SL DRX configuration.
FFS5: Non-initial SL-DRX Configuration Rejection
For the non-initial SL DRX configuration rejection, there are 3 fallback solutions for the case when there is no mode-transfer for Tx UE (i.e., Tx UE does not undergo coverage change, or mode change),
1. Align with the agreement for initial SL DRX configuration rejection case, i.e., no DRX;
2. Use the SL DRX configuration prior to corresponding RRCReconfigurationSidelink message;
3. Use default SL DRX configuration defined for BC/GC/DCR message;
Since this issue also exists for the case where mode-transfer for Tx UE happening, so it can be discussed together for the 2 cases (both mode-transfer happened and not happened).
[bookmark: _Toc101810684]For the issue of non-initial DRX configuration rejection, RAN2 need to consider of the case where UE undergoes coverage/mode-change.
FFS points related to network involvement
For UE in RRC_CONNECTED, i.e., there is network involvement in terms of, 
· If gNB is not capable of SL DRX, the issue is how for the 2 UEs decide/synchronize whether to perform SL DRX or not;
· If gNB is capable of SL DRX, the issue is how to deal with the coverage/mode-transfer of the 2 UEs, i.e., when Tx UE transfer from mode 2 to mode1 or Rx UE transfer from IDLE/INACTIVE/OOC to CONNECTED;
For the first issue, as discussed in [3], the alignment of supporting/not-supporting SL DRX should be handled by network.
[bookmark: _Toc101810685]Network has the responsibility to ensure alignment of DRX configuration at various coverage boundaries. 
Then, for the second question, i.e., when network supports to deal with the status transfer of the 2 UEs, when Tx UE transfer from mode 2 to mode1 or Rx UE transfer from IDLE/INACTIVE/OOC to CONNECTED, the FFS points for this issue have been summarized in the following figure



Figure 2. SL DRX configuration procedure in UC with network involvement
As shown in the above chart, the FFS points are:
· FFS6: For Tx UE, in case there is a DRX configuration before mode transfer, how for gNB1 to re-configure SL DRX for the link;
· FFS7: For Rx UE, in case there is a DRX configuration before state transfer, how for gNB2 to be aware of SL DRX for the link;
· FFS8: In case there is a DRX configuration before Tx UE mode transfer, if the re-configured SL DRX is rejected by Rx UE, what DRX configuration should be used.
FFS6: How for gNB to be aware of assistance information
For this issue, for the normal case, i.e., no mode transfer during SL communication, the mode-1 Tx UE will report assistance information to gNB.
[bookmark: _Toc101810686]Only mode 1 Tx UE needs to report the assistance information to gNB.
For mode transfer case, the same mechanism can be used, i.e., rely on Tx UE to report assistance information to gNB, and gNB can configure SL DRX for the link based on the assistance information. The only issue is the time for Tx UE to report this assistance information, in the current specification, it is captured as follows
	A UE capable of NR sidelink communication that is in RRC_CONNECTED and is performing sidelink operation with resource allocation mode 1 may initiate the procedure to report the sidelink DRX assistance information received from the associated peer UE for NR sidelink unicast communication, upon receiving sidelink DRX assistance information from the associated peer UE.



According to the initiation condition above, UE will only initiate reporting assistance upon reception it from the peer UE.
[bookmark: _Toc101810687]According to the current specification, UE only initiates the assistance information reporting upon reception from the peer UE.
To address the mode transfer case, the condition that sidelink DRX assistance information has been received from peer UE and has not been reported before should be added.
[bookmark: _Toc101810696]Add the initiation condition for assistance information reporting via SUI when sidelink DRX assistance information has been received from peer UE but has not been reported before.
FFS7: How for gNB to be aware of the SL DRX configuration of Rx UE 
Similar to FFS6, we have agreed Rx UE reports the accepted SL DRX configuration from peer UE to gNB in CONNECTED state, however in the current specification, the initiation condition is captured as follows:
	A UE capable of NR sidelink communication that is in RRC_CONNECTED may initiate the procedure to report the sidelink DRX configuration received from the associated peer UE for NR sidelink unicast communication, upon accepting the sidelink DRX configuration from the associated peer UE.


According to the initiation condition above, UE will only initiate reporting accepted SL DRX configuration upon accepting.
[bookmark: _Toc101810688]According to the current specification, Rx-UE only initiates the reporting of accepted SL DRX configuration upon accepting it when receives from Tx-UE.
Similarly, to address the state transfer case, the condition where sidelink DRX configuration has been received and accepted and has not been reported before should be added.
[bookmark: _Toc101810697]Add the initiation condition for sidelink DRX configuration reporting via SUI when it has been received and accepted but has not been reported before.
FFS8: How to handle DRX rejection 
In case there is mode transfer happens, i.e.,
· Tx UE is in mode 1 firstly and changed into mode2 
· Tx UE is in mode 2 and switched to mode 1;
For the first case, if rejections happened after mode switch, it is feasible to use SL DRX configuration prior to corresponding RRCReconfigurationSidelink message or the default SL DRX configuration or non-DRX configuration – in any case, the Tx-UE would know the previous DRXconfiguration.
However, for the second case, for mode 2 Tx UE, gNB has no idea of the SL DRX configuration. If DRX rejection happens to the re-configured SL DRX, SL DRX configuration prior to corresponding RRCReconfigurationSidelink message is not sufficient since gNB is not aware of the SL DRX configuration prior to corresponding RRCReconfigurationSidelink message is used.
[bookmark: _Toc101810689]In case Tx UE is reconfigured from mode-2 to mode-1, gNB cannot be aware of the SL DRX configuration used before (configured during mode-2).
[bookmark: _Toc101810690]RAN2 agreed the rejection message report to network, so it means it is possible that Rx UE rejects the DRX configuration provided by network. The result is network unawareness of the SL DRX configuration being used will continue if Rx UE keep rejecting the DRX reconfiguration provided by network.
Considering that, the old SL DRX configuration (SL DRX configuration before Tx UE mode change) is no longer workable for the unicast link, and a tool is needed for network to be aware of the SL DRX configuration being used (to fallback).
[bookmark: _Toc101810691]A tool is needed for network to be aware of the SL DRX configuration being used even if considering the possibility of Rx-UE rejection.
For this tool, the releasing operation can be used, i.e., when experiencing mode-transfer from mode 2 to mode 1, Tx UE can release (by using the existing SetupRelease or sl-ResetConfig mechanism) the existing configured-and-accepted DRX configuration, then the SL DRX configuration can fallback to either non-DRX or default DRX, which is both known by the network.
[bookmark: _Toc101810698]If Tx UE release (e.g., by SetupRelease, or sl-ResetConfig) an existing accepted DRX configuration, R2 discuss Rx-UE fallback to whether non-DRX or default-DRX configuration.
Besides, RAN2 should discuss which SL DRX configuration can be used when rejection happens to the non-initial SL DRX configuration.
[bookmark: _Toc101810699]If Tx UE reconfigure an existing accepted DRX configuration, R2 discuss whether Rx-UE fallback to the existing DRX configuration or default-DRX configuration.
Conclusion
We have the following observations:
Observation 1	By following the per-direction SL DRX in unicast, there is no left issue for the DRX-based delivery of RRCReconfigurationSidelinkComplete since the reception of RRCReconfigurationSidelinkComplete follows the DRX configuration of the reverse direction (transmitter of RRCReconfigurationSidelinkComplete as Tx, and receiver of RRCReconfigurationSidelinkComplete as Rx).
Observation 2	For Uu interface, UE would apply the DRX configuration upon reception of RRCReconfiguration message, and it is up to network implementation on when to start apply the new DRX configuration contained in the transmitted RRCReconfiguration message.
Observation 3	By following Uu principle, for the UE receiving RRCReconfigurationSidelink, there is no left issue since, as for other configurations, it should be applied upon the reception of RRCReconfigurationSidelink.
Observation 4	For the issue of non-initial DRX configuration rejection, RAN2 need to consider of the case where UE undergoes coverage/mode-change.
Observation 5	Network has the responsibility to ensure alignment of DRX configuration at various coverage boundaries.
Observation 6	Only mode 1 Tx UE needs to report the assistance information to gNB.
Observation 7	According to the current specification, UE only initiates the assistance information reporting upon reception from the peer UE.
Observation 8	According to the current specification, Rx-UE only initiates the reporting of accepted SL DRX configuration upon accepting it when receives from Tx-UE.
Observation 9	In case Tx UE is reconfigured from mode-2 to mode-1, gNB cannot be aware of the SL DRX configuration used before (configured during mode-2).
Observation 10	RAN2 agreed the rejection message report to network, so it means it is possible that Rx UE rejects the DRX configuration provided by network. The result is network unawareness of the SL DRX configuration being used will continue if Rx UE keep rejecting the DRX reconfiguration provided by network.
Observation 11	A tool is needed for network to be aware of the SL DRX configuration being used even if considering the possibility of Rx-UE rejection.

We have the following proposals:
Proposal 1	Not include inactivity timer in assistance information from RX UE to TX UE.
Proposal 2	Use value range of each timer in assistance information to express the multiple desired DRX settings.
Proposal 3	Remove the FFS of “FFS on PC5-RRC RRCReconfigurationSidelinkComplete.”.
Proposal 4	Using RRCReconfigurationCompleteSidelink with an indication to reject the SL DRX configuration.
Proposal 5	Add the initiation condition for assistance information reporting via SUI when sidelink DRX assistance information has been received from peer UE but has not been reported before.
Proposal 6	Add the initiation condition for sidelink DRX configuration reporting via SUI when it has been received and accepted but has not been reported before.
Proposal 7	If Tx UE release (e.g., by SetupRelease, or sl-ResetConfig) an existing accepted DRX configuration, R2 discuss Rx-UE fallback to whether non-DRX or default-DRX configuration.
Proposal 8	If Tx UE reconfigure an existing accepted DRX configuration, R2 discuss whether Rx-UE fallback to the existing DRX configuration or default-DRX configuration.
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