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[bookmark: _Ref35586532]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _GoBack]In the past RAN2 meetings, the DRX design for sidelink unicast have been discussed and reached some agreements, but there are still some open issues, listed below:
· Issue 1: What is the SL DRX granularity for sidelink unicast?
· Issue 2: Whether Tx-centric or Rx-centric DRX configuration should be applied?
· Issue 3: How to configure the sidelink DRX and whether any assist information for sidelink DRX configuration is needed?
· Issue 4: How to align the wake up time between Tx and Rx UE in each direction?
· Issue 5: How to maintain the sidelink DRX timers?
· Issue 6: How to define the sidelink DRX active time?
· Issue 7: How to use the sidelink DRX MAC CE?
In this contribution, the above issues will be analyzed one by one, and our preference will be given based on the analysis.
Discussion
SL DRX granularity
In RAN2#113 meeting, it was agreed that:
	· 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.


According to [1], in Rel-17, power saving mainly targets for:
· P-UE in V2X use case;
· UEs in public safety and commercial use cases.
For V2X use case, since power saving of vehicle is not essential, hence it is obvious that the SL DRX is only operated in the direction from vehicle to P-UE.
For UEs in public safety and commercial use cases, considering the traffic patterns of the two directions may be different, in order to achieve better power saving efficiency, the SL DRX should also be operated based on per direction.
[bookmark: _Ref65508622]Proposal 1: For sidelink unicast, the SL DRX granularity should be per direction per PC5 unicast connection.
Tx-centric or Rx-centric?
Regarding to the sidelink DRX configuration, one important issue is whether Tx UE centric or Rx UE centric should be adopted. In our understanding, Tx UE centric is more appropriate from the following perspectives:
· For V2X scenario, power saving is not essential for vehicle and only P-UE needs power saving. While P-UE only performs sidelink transmission, no reception. From the perspective of P-UE power efficiency, Tx UE centric is more attractive compared with the Rx UE centric.
· In Rel-16 V2X, the sidelink configuration is Tx UE centric. If sidelink DRX is also Tx UE centric, it is more consistent with the current Rel-16 V2X rule.
· The main benefit of Rx UE centric is the power saving of Rx UE, but it will cost more power for Tx UE if it connects to more than one Rx UE which with different Rx-UE centric sidelink DRX configuration. Hence, from the perspective of overall power consumption of both Tx UE and Rx UE, Rx UE centric has no obvious benefit compared with the Tx UE centric.
[bookmark: _Ref58504866]Proposal 2: For sidelink unicast, Tx UE centric sidelink DRX configuration should be adopted in Rel-17.
Sidelink DRX configuration procedure and assistant information
Assuming Tx UE centric sidelink DRX is adopted, we will further discuss how the Tx UE decides the sidelink DRX configuration. In our understanding, how to acquire the sidelink DRX configuration depends on the Tx UE RRC states:
RRC_CONNECTED UE:
For RRC_CONNECTED UE, considering the sidelink DRX and Uu DRX should be aligned, hence it is obvious that the sidelink DRX configuration should be configured by network through dedicated RRC signaling. 
When the network decides the sidelink DRX configuration, in order to achieve better power saving performance, it should consider the following information:
· The Uu DRX configuration;
· The SL DRX configurations of the other PC5 unicast connections of this Tx UE.
· The SL DRX configurations of another direction of each PC5 unicast connection of this Tx UE.
The first two bullets can be acquired by the network by itself. The last bullet is optional, it can be acquired by the Tx UE from its peer UE, and then, the Tx UE reported it to the network.
[bookmark: _Ref65508628][bookmark: OLE_LINK11][bookmark: OLE_LINK12]Proposal 3:  For Tx UE in RRC_CONNECTED state, the sidelink DRX for sidelink unicast should be configured by network by dedicated RRC signalling.
[bookmark: _Ref65508633]Proposal 4:  For Tx UE in RRC_CONNECTED state, it can report some assistant information to the network to help the network determines the sidelink DRX configuration, e.g., the sidelink DRX configuration(s) of another direction received from its peer UE(s).
RRC_IDLE/INACTIVE UE:
Since it has been agreed that for SL unicast (after SL unicast link is established), SL DRX configuration can be configured per a pair of source/destination. It is obvious that the SIB cannot configure the sidelink DRX configuration based on source/destination since it cannot know which source/destination is used in UE when UE is in RRC_IDLE/ RRC_INACTIVE state. Hence, the Tx UE is responsible for determining the sidelink DRX configuration of its each PC5 unicast connection.
And then, it should further discuss how the Tx UE determines the sidelink DRX configuration for each PC5 unicast connection. There are two options:
· Option 1: SIB provides the sidelink DRX configuration in the SL-RLC-BearerConfig IE, and UE determines the SL DRX configurations of each PC5 unicast connection based on this configuration;
· Option 2: Tx UE determines the SL DRX configurations of its each PC5 unicast connection totally by itself without network involvement.
The above two options can be compared from the following perspectives:
· From the perspective of coordinating Uu DRX and SL DRX, in our understanding, there is no strong motivation to align the Uu DRX and sidelink DRX for RRC_IDLE and RRC_INACTIVE UE since Uu DRX is only used for paging reception. Even if they need to be aligned, considering for RRC_IDLE and RRC_INACTIVE UE, the Uu DRX pattern was decided based on the coordination between NAS layer and AS layer, hence it cannot be changed flexibly. The most suitable method is to adjust the sidelink DRX configuration only. Both option 1 and option 2 can adjust the sidelink DRX configuration with no much performance difference.
· From the perspective of aligning the sidelink DRX configuration of two directions of each PC5 unicast connection, considering it is infeasible for option1, hence option 2 is more attractive.
· From the perspective of signaling overhead, option 2 has less signaling overhead.
Hence, from the above analysis, Option 2 is preferred.
[bookmark: _Ref65508638][bookmark: _Ref53584373]Proposal 5: For Tx UE in RRC_IDLE/INACTIVE state, it can determine the sidelink DRX configuration of each PC5 unicast link based on implementation; and SIB-configuration is not needed.
RRC OOC UE:
For OOC UE, there is no Uu interface. Uu DRX and sidelink DRX alignment does not need to be considered. 
The only issue needs to be considered is whether pre-configuration is necessary. The pre-configuration can only be performed based on each sidelink RLC bearer. Due to the similar reason as analyzed for RRC_IDLE and RRC_INACTIVE UE, there is no strong motivation to introduce the pre-configuration.
[bookmark: _Ref65508641]Proposal 6: For Tx UE in OOC, it can determine the sidelink DRX configuration of each PC5 unicast link based on implementation; and pre-configuration is not needed.
Wake-up time alignment between Tx and Rx UE
In order to align the wake-up time between Tx and Rx UE, for sidelink unicast, once the Tx UE determined the sidelink DRX configuration, it should notify it to the Rx UE through PC5-RRC signaling. Rx UE should perform sidelink reception based on the informed sidelink DRX configuration.
[bookmark: _Ref58504870][bookmark: _Ref67665471]Proposal 7: For sidelink unicast, once Tx UE determined the sidelink DRX configuration, it should notify it to its peer UE through PC5-RRC signalling.
Sidelink DRX timer maintainence
In Uu, DRX only controls the DL PDCCH monitoring. UE UL transmission is not restricted by DRX since gNB is always on. That is to say, for Uu DRX, either the gNB or the UE only needs to maintain one set of DRX timers which is only related to UE PDCCH monitoring.
But for sidelink, the communication peers are both UEs and power saving are both needed to be considered for the peer UEs. Assuming Tx UE centric DRX configuration is preferred, hence, it is obvious that each direction of one sidelink unicast connection may have different active time. In order to determine the active time of each direction, one UE should maintain two sets of sidelink DRX timers for each sidelink unicast connection, and each set is corresponding to one direction of the sidelink unicast connection. E.g., one set for the sidelink transmission and another set for the sidelink reception.
[bookmark: _Ref60842042][bookmark: _Ref60842082]Proposal 8: One set of sidelink DRX timers should be maintained for each direction of the sidelink unicast connection.
For sidelink unicast, in the RAN2#112 meeting, it was agreed to inherit and use timers similar to what are used in Uu DRX. In NR Uu, the following DRX timers were introduced:
· drx-onDurationTimer
· drx-InactivityTimer
· drx-HARQ-RTT-TimerDL
· drx-HARQ-RTT-TimerUL
· drx-RetransmissionTimerDL
· drx-RetransmissionTimerUL
· drx-ShortCycleTimer. 
In the RAN2#113 meeting, it has been agreed that onduration timer and inactivity timer should be supported for sidelink unicast. In addition, it was agreed that short DRX cycle is not introduced for sidelink unicast, hence there is no need to introduce drx-ShortCycleTimer. But it is still unclear whether the remaining timers are needs to be supported and how to maintain these timers. In the following, these timers will be analyzed one by one:

drx-onDurationTimer
Regarding to the drx-onDurationTimer, it has been agreed to be introduced. Hence the only remaining issue is how to maintain it. Since it only refers to the onduration period of each DRX pattern. Hence its maintenance should be same as Uu.
[bookmark: _Ref60842044][bookmark: _Ref58507784]Proposal 9: For sidelink unicast, the maintenance of drx-ondurationtimer should be same as Uu.

drx-InactivityTimer
Regarding to the drx-InactivityTimer, it has been agreed to be introduced. Hence the only remaining issue is how to maintain it. In Uu, the drx-InactivityTimer is started or restarted based on new transmission (UL or DL) in this DRX group. Different from Uu, for sidelink, the SCI includes two stage-SCIs and the destination ID is only included in the 2nd-stage SCI and MAC subheader. Hence, how to start the drx-Inactivity should be discussed. There are three possible options:
· Option 1: start the drx-InactivityTimer when the 1st-stage SCI is received;
· Option 2: start the drx-InactivityTimer when the 2nd-stage SCI received;
· Option 3: start the drx-InactivityTimer when the MAC sub-header is decoded.
Considering NDI, souce ID and destination ID are only contained in the 2nd-stage SCI, option 1 can be excluded first. Compared with Option 3, Option 2 has the probability of false detection, but we think it is not a big issue. The UE can stop the drx-inactivity timer if false detection is justified after decoding the MAC sub-header. Option 2 is slightly preferred.
[bookmark: _Ref60842047][bookmark: _Ref58507787][bookmark: _Ref65686317][bookmark: _Ref60842092]Proposal 10: For sidelink unicast, once the 2nd-stage SCI is received and it indicates a new sidelink transmission for this PC5 connection, UE should start or restart the drx-inactivity timer.

drx-HARQ-RTT-Timer
In Uu, both drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL are introduced. The drx-HARQ-RTT-TimerDL represents the minimum duration before a DL assignment for HARQ retransmission is expected by the MAC entity; and the drx-HARQ-RTT-TimerUL represents the minimum duration before a UL HARQ retransmission grant is expected by the MAC entity. Its length unit is symbol.
For NR sidelink, the HARQ feedback disable/enable mechanism is introduced.
· Case 1: sidelink HARQ feedback is disabled
 If HARQ feedback is disabled, it is obvious that the drx-HARQ-RTT-Timer is not needed.
[bookmark: _Ref65684070][bookmark: _Ref65684064]Proposal 11: For sidelink unicast, if sidelink HARQ feedback is disabled, drx-HARQ-RTT-Timer is not needed.
· Case 2: sidelink HARQ feedback is enabled
According to the sidelink SCI design, the resource used for retransmission can be reserved. If the retransmission resource is reserved, the Rx UE can aware when to awake for the retransmission reception, drx-HARQ-RTT-Timer is useless. But for mode 2 resource allocation, considering resource re-evaluation and pre-emption are also supported, in this case, the sidelink retransmission resource can be changed. If it happens and no drx-HARQ-RTT-Timer is maintained, UE may cannot start the drx-RetransmissionTimer timely and miss the SCI reception, which is shown in Figure-1. This is unexpected UE behavior. Hence, it had better maintain the drx-HARQ-RTT-Timer in sidelink.




Figure-1   Exceptional case if drx-HARQ-RTT-Timer is not maintained
[bookmark: _Ref65686320]Proposal 12: For sidelink unicast, if sidelink HARQ feedback is enabled for sidelink unicast, drx-HARQ-RTT-Timer should be introduced.

If drx-HARQ-RTT-Timer is introduced in sidelink, how to maintain it should be further discussed. Based on Proposal 8, it is clearly that for each sidelink direction, Tx UE should maintain the drx-HARQ-RTT-Timer for sidelink transmission, and Rx UE should maintain the drx-HARQ-RTT-Timer for sidelink reception. Similar as Uu, the maintenance can be as follows:
· For drx-HARQ-RTT-Timer in Rx UE side, similar as the drx-HARQ-RTT-TimerDL, it can be started for the corresponding HARQ process in the first symbol after the end of the corresponding transmission carrying the sidelink HARQ feedback.
· For drx-HARQ-RTT-Timer in Tx UE side, it can be started for the corresponding HARQ process in the first symbol after the end of the corresponding reception of sidelink HARQ feedback.
Regarding to the drx-HARQ-RTT-Timer length, according to [3], there is one definition on the minumum time gap, listed below:
	For a selected sidelink grant, the minimum time gap between any two selected resources comprises:
-	a time gap between the end of the last symbol of a PSSCH transmission of the first resource and the start of the first symbol of the corresponding PSFCH reception determined by sl-MinTimeGapPSFCH and sl-PSFCH-Period for the pool of resources; and
-	a time required for PSFCH reception and processing plus sidelink retransmission preparation including multiplexing of necessary physical channels and any TX-RX/RX-TX switching time.



The yellow part can be regarded as the drx-HARQ-RTT-Timer length. The detailed value can be decided by RAN1/4.
[bookmark: _Ref60842052][bookmark: _Ref60842100]Proposal 13: For sidelink unicast, if sidelink HARQ feedback is enabled for sidelink unicast, similar as Uu, the drx-HARQ-RTT-Timer in Rx UE side should be started for the corresponding HARQ process in the first symbol after the end of the corresponding transmission carrying the sidelink HARQ feedback containing HARQ NACK.
[bookmark: _Ref60842054][bookmark: _Ref60842102]Proposal 14: For sidelink unicast, if sidelink HARQ feedback is enabled for sidelink unicast, similar as Uu, the drx-HARQ-RTT-Timer in Tx UE side should be started for the corresponding HARQ process in the first symbol after the end of the corresponding reception of sidelink HARQ feedback containing HARQ NACK.

drx-RetransmissionTimer
Regarding to the drx-RetransmissionTimerDL and drx-RetransmissionTimerUL, in Uu, it represents the maximum duration until a DL retransmission or a grant for UL retransmission is received. It is started in the first symbol after the end of the PDCCH reception. The length unit of this timer is slot.
For NR sidelink, due to the same reason for introducing the sidelink drx-HARQ-RTT-Timer, the sidelink drx-RetransmissionTimer should also be introduced. It can ensure that UE can still receive the SCI for retransmission when resource pre-emption happens.
[bookmark: _Ref60842055][bookmark: _Ref60842104]Proposal 15: For sidelink unicast, drx-RetransmissionTimer should be introduced.

[bookmark: OLE_LINK5][bookmark: OLE_LINK6]If sidelink HARQ feedback is enabled, based on Proposal 12, drx-HARQ-RTT-Timer should be maintained. Hence it is also reasonable to maintain the sidelink drx-RetransmissionTimer. Similar as Uu, in this case, when the sidelink drx-HARQ-RTT-Timer expiry, the sidelink drx-RetransmissionTimer should be started.
[bookmark: _Ref60842057][bookmark: _Ref58507796]Proposal 16: For sidelink unicast, if sidelink HARQ feedback is enabled for sidelink unicast, once the drx-HARQ-RTT-Timer expiry, the corresponding drx-RetransmissionTimer should be started.

If sidelink HARQ feedback is disabled, as proposed in Proposal 11, it does not need to maintain drx-HARQ-RTT-Timer. But in this case, whether sidelink drx-RetransmissionTimer should be maintained needs further discussion. According to the current spec, even if sidelink HARQ feedback is disabled, the UE is still possible to provide HARQ feedback on Uu PUCCH if it wants to request resource for retransmission. In this case, in order to ensure the retransmission can be performed, the sidelink drx-RetransmissionTimer had better be maintained even if there is no sidelink drx-HARQ-RTT-Timer. When to start the sidelink drx-RetransmissionTimer can be further discussed. 
In our understanding, two options can be considered:
· Option 1: The sidelink drx-RetransmissionTimer in Rx/Tx UE side can be started after 2nd-stage SCI is received/transmitted.
· Option 2: The sidelink drx-RetransmissionTimer in Rx/Tx UE side can be started after 2nd-stage SCI is received/transmitted plus a minimum gap. E.g., the minimum gap length can be determined based on the minimum time gap between any two selected resources as defined in section 5.22.1.1 of [3].
[bookmark: _Ref60842056][bookmark: _Ref60842106]Proposal 17: For sidelink unicast, even if the sidelink HARQ feedback is disabled for sidelink unicast, the drx-RetransmissionTimer still needs to be maintained at least in the case that UE has PUCCH in Uu. In this case, when to start the drx-RetransmissionTimer can be further studied.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Definition of active time
In NR Uu, the definition of active time is as below:
	When a DRX cycle is configured, the Active Time for Serving Cells in a DRX group includes the time while:
-	drx-onDurationTimer or drx-InactivityTimer configured for the DRX group is running; or
-	drx-RetransmissionTimerDL or drx-RetransmissionTimerUL is running on any Serving Cell in the DRX group; or
-	ra-ContentionResolutionTimer (as described in clause 5.1.5) or msgB-ResponseWindow (as described in clause 5.1.4a) is running; or
-	a Scheduling Request is sent on PUCCH and is pending (as described in clause 5.4.4); or
-	a PDCCH indicating a new transmission addressed to the C-RNTI of the MAC entity has not been received after successful reception of a Random Access Response for the Random Access Preamble not selected by the MAC entity among the contention-based Random Access Preamble (as described in clauses 5.1.4 and 5.1.4a).


For sidelink unicast, considering the sidelink DRX is suggested to be maintained per sidelink direction, hence it is reasonable that the sidelink active time should also be defined per sidelink communication direction. 
[bookmark: _Ref60842066][bookmark: _Ref60842115][bookmark: _Ref65686336]Proposal 18: For sidelink DRX, the active time should be defined per sidelink direction.
Similar as the active time definition of Uu DRX, the sidelink active time should also include the time period when any of the drx-onDurationTimer or the drx-InactivityTimer or the drx-RetransmissionTimer is running. 
[bookmark: _Ref60842067][bookmark: _Ref58507805][bookmark: _Ref60842116]Proposal 19: For sidelink DRX, the Active Time should also include the time while the drx-onDurationTimer, or the drx-InactivityTimer, or the drx-RetransmissionTimer is running.
DRX MAC CE usage
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In the last RAN2 meeting, it was agreed that:
	SL DRX Command MAC CE is introduced for SL DRX operation in unicast. FFS on the need of groupcast. FFS on the detailed UE behaviour (including relation to inactivity timer).


Hence, we should further discuss how to use the SL DRX MAC CE for sidelink unicast.  Similar as the Uu DRX, the SL DRX MAC CE can be used for stopping the drx-onDurationTimer and/or the drx-InactivityTimer. This is can be inherited to sidelink.
[bookmark: _Ref67668625]Proposal 20: For sidelink unicast, the DRX MAC CE can be used to stop the drx-onDurationTimer and/or the drx-InactivityTimer in order to let the UE fall into asleep.
Conclusion
According to the analysis in section 2, it is proposed:
Proposal 1: For sidelink unicast, the SL DRX granularity should be per direction per PC5 unicast connection.
Proposal 2: For sidelink unicast, Tx UE centric sidelink DRX configuration should be adopted in Rel-17.
Proposal 3:  For Tx UE in RRC_CONNECTED state, the sidelink DRX for sidelink unicast should be configured by network by dedicated RRC signalling.
Proposal 4:  For Tx UE in RRC_CONNECTED state, it can report some assistant information to the network to help the network determines the sidelink DRX configuration, e.g., the sidelink DRX configuration(s) of another direction received from its peer UE(s).
Proposal 5: For Tx UE in RRC_IDLE/INACTIVE state, it can determine the sidelink DRX configuration of each PC5 unicast link based on implementation; and SIB-configuration is not needed.
Proposal 6: For Tx UE in OOC, it can determine the sidelink DRX configuration of each PC5 unicast link based on implementation; and pre-configuration is not needed.
Proposal 7: For sidelink unicast, once Tx UE determined the sidelink DRX configuration, it should notify it to its peer UE through PC5-RRC signalling.
Proposal 8: One set of sidelink DRX timers should be maintained for each direction of the sidelink unicast connection.
Proposal 9: For sidelink unicast, the maintenance of drx-ondurationtimer should be same as Uu.
Proposal 10: For sidelink unicast, once the 2nd-stage SCI is received and it indicates a new sidelink transmission for this PC5 connection, UE should start or restart the drx-inactivity timer.
Proposal 11: For sidelink unicast, if sidelink HARQ feedback is disabled, drx-HARQ-RTT-Timer is not needed.
Proposal 12: For sidelink unicast, if sidelink HARQ feedback is enabled for sidelink unicast, drx-HARQ-RTT-Timer should be introduced.
Proposal 13: For sidelink unicast, if sidelink HARQ feedback is enabled for sidelink unicast, similar as Uu, the drx-HARQ-RTT-Timer in Rx UE side should be started for the corresponding HARQ process in the first symbol after the end of the corresponding transmission carrying the sidelink HARQ feedback containing HARQ NACK.
Proposal 14: For sidelink unicast, if sidelink HARQ feedback is enabled for sidelink unicast, similar as Uu, the drx-HARQ-RTT-Timer in Tx UE side should be started for the corresponding HARQ process in the first symbol after the end of the corresponding reception of sidelink HARQ feedback containing HARQ NACK.
Proposal 15: For sidelink unicast, drx-RetransmissionTimer should be introduced.
Proposal 16: For sidelink unicast, if sidelink HARQ feedback is enabled for sidelink unicast, once the drx-HARQ-RTT-Timer expiry, the corresponding drx-RetransmissionTimer should be started.
Proposal 17: For sidelink unicast, even if the sidelink HARQ feedback is disabled for sidelink unicast, the drx-RetransmissionTimer still needs to be maintained at least in the case that UE has PUCCH in Uu. In this case, when to start the drx-RetransmissionTimer can be further studied.
Proposal 18: For sidelink DRX, the active time should be defined per sidelink direction.
Proposal 19: For sidelink DRX, the Active Time should also include the time while the drx-onDurationTimer, or the drx-InactivityTimer, or the drx-RetransmissionTimer is running.
Proposal 20: For sidelink unicast, the DRX MAC CE can be used to stop the drx-onDurationTimer and/or the drx-InactivityTimer in order to let the UE fall into asleep.
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