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1. Introduction

In RAN#86 meeting, a new work item on “New WID on NR sidelink enhancement” was approved [1], and updated in RAN#88 meeting [2]. The WI targets to study enhancement for power saving and reliability/latency on sidelink based on the functionalities specified in Rel-16. One objective relating to power saving is as follows:
	3. Sidelink DRX for broadcast, groupcast, and unicast [RAN2]

· Define on- and off-durations in sidelink and specify the corresponding UE procedure

· Specify mechanism aiming to align sidelink DRX wake-up time among the UEs communicating with each other

· Specify mechanism aiming to align sidelink DRX wake-up time with Uu DRX wake-up time in an in-coverage UE.


This contribution provides our view on the coordination between Uu DRX and SL DRX.
2. Discussion
In RAN2#113bis-e meeting following agreements have been reached:
Agreements on alignment between Uu DRX and SL DRX
1: 
Alignment of Uu DRX and SL DRX for unicast is supported. FFS on how alignment is achieved.

2:
Alignment of Uu DRX and SL DRX for groupcast and broadcast is supported. FFS on whether new mechanisms are needed.

3:
Alignment of Uu DRX and SL DRX for UE in RRC CONNECTED shall be a baseline.

4:
The alignment of Uu DRX and SL DRX of the same UE shall be considered.

And in RAN2#114-e meeting, following agreement have been reached
Agreements on Uu DRX Impact to Support SL
1: 
SL-specific drx-onDurationTimer is not introduced in Uu.

2:
SL-specific drx-InactivityTimer is not introduced in Uu.

3:
For Tx UE configured with sidelink resource allocation mode 1, it should start or restart the Uu drx-InactivityTimer if the UE receives a PDCCH indicating a new SL transmission.

4:
SL-specific drx-HARQ-RTT-Timer and SL-specific drx-RetransmissionTimer should be introduced in Uu, which are maintained based on sidelink process.

5:
When sl-PUCCH-Config is configured, SL-specific drx-HARQ-RTT-Timer and SL-specific drx-RetransmissionTimer should be maintained for UE configured with sidelink resource allocation mode 1.

6:
Adopt the following definitions of SL-specific drx-HARQ-RTT-Timer and drx-RetransmissionTimer (the detailed name of the timers can be further discussed):

 
- drx-RetransmissionTimerSL (per Sidelink process): the maximum duration until a grant for SL retransmission is received;

 
- drx-HARQ-RTT-TimerSL (per Sidelink process): the minimum duration before a SL retransmission grant is expected by the MAC entity.

7:
When sl-PUCCH-Config is configured (and the PUCCH is transmitted), the UE should start the SL-specific drx-HARQ-RTT-Timer in Uu for the corresponding SL HARQ process in the first slot after the end of the corresponding transmission carrying the SL HARQ feedback via the PUCCH.
2.1 Alignment between Sidelink DRX and Uu DRX 

For cases when SL data transmission/reception activity, e.g. also referred to as SL DRX ActiveTime, is not coordinated with the DRX operation on Uu interface, there may be cases where Tx UE (using mode 1 resource allocation mode) is in sleep mode (DRX) on the Uu interface, i.e. not monitoring PDCCH, even though the UE is expected to receive SL resource allocations by the gNB for SL data transmission on the PC5 interface.

Further for cases when the SL data transmission/reception activity on the PC5 interface is not aligned with the DRX operation on Uu interface, The ActiveTime on Uu interface may be unnecessarily extended, leading to some increased battery power consumption.
For Rel-16 V2X the decision was that UE does not expect a DRX configuration (on Uu interface) if SL mode1 is configured. Basically, the agreement is that UE will be always in Active Time on the Uu interface when SL mode 1 is configured in order to be always ready to receive SL DCI(s). This will obviously lead to poor battery lifetime, which is especially undesirable for pedestrian V2X UEs or public safety UEs and Commercial SL UEs which are in the scope of the Rel-17 WI. It shouldn’t be that case that those UEs are always in ActiveTime on the Uu interface when SL mode 1 is configured. 

It’s one option that UE may have two separate ActiveTimes on the Uu interface, e.g. one for Uu related data activity also referred to as Uu ActiveTime and one for SL related activity, referred to as SL ActiveTime. While UE is in Uu ActiveTime it monitors e.g. PDCCH in the Uu DCI related search space, whereas when UE is in SL ActiveTime it monitors PDCCH in the SL related search space for SL DCI(s) on the Uu interface. Even though this option would be also a workable solution, we think that it’s less complex and may provide also more power saving gain if UE has only one ActiveTime which encompasses the time where UE monitors PDCCH for Uu DCI as well as the SL DCI(s).

Proposal 1: There is only one ActiveTime on the Uu interface which encompasses the PDCCH monitoring for Uu as well as SL related DCI(s).

DRX related timers/states for controlling the DRX ActiveTime on the Uu interface should be updated based on SL data/control transmission/reception on the PC5 interface. In RAN2#114e meeting, SL-specific drx-HARQ-RTT-Timer and SL-specific drx-RetransmissionTimer was introduced, which controls Uu active time according to SL HARQ status. It was also agreed that when sl-PUCCH-Config is configured (and the PUCCH is transmitted), the UE should start the SL-specific drx-HARQ-RTT-Timer in Uu for the corresponding SL HARQ process in the first slot after the end of the corresponding transmission carrying the SL HARQ feedback via the PUCCH. For the other case, i.e. when sl-PUCCH-Config is not configured or PUCCH is not transmitted, SL UE also need to start RTT timer or retransmission timer after the last PSSCH transmission. Moreover, SL UE can directly start a retransmission timer since gNB does not need to process feedback.
Proposal 2:  When sl-PUCCH-Config is not configured or PUCCH for SL is not transmitted, SL UE start SL-specific drx-RetransmissionTimer after the last PSSCH transmission
In order to allow gNB aligning UE’s Uu DRX DRX ActiveTime UE should provide to the gNB information on its SL DRX configuration, i.e. information on the SL ActiveTime. To ensure that UE is in DRX ActiveTime on Uu and monitoring PDCCH for SL DCI(s) while UE is receiving/transmitting SL data on the PC5 interface, some coordination between the time periods where UE is active (transmit/receive) on the PC5 interface and UE’s Uu DRX settings/configurations is required. Therefore it should be discussed further whether UE should report within the UE assistance information (UAI) or Sidelink UE information (SUI) to the gNB timing information indicating when UE is in ActiveTime on the PC5 interface, i.e. transmission/receiving SL data, e.g. SL DRX configuration(s).

Proposal 3: UE providing assistance information to gNB on timing information indicating when UE is active on the PC5 interface, i.e. transmission/receiving SL data, for aligning DRX configuration on Uu should be considered.

As discussed in our companion contribution [ref], one SL UE may be in communication with multiple other SL UEs, i.e. one SL UE may have multiple SL services runnning. For each of those SL services a SL UE may have a DRX configuration, i.e. for each source destination pair a DRX configuration is established/used in order to ensure that the source and destination can communicate with each other. 

In order to allow gNB to efficiently schedule SL resources (mode 1) to the Tx UE, the gNB should be aware of the time slots the Tx UE is in ActiveTime for a specific destination, e.g. SL service. Without this knowledge it may happen that gNB allocates SL resources to the Tx UE which the Tx UE cannot use since the corresponding destination/peer receiving UE(s) are not in ActiveTime. For example if Tx UE reports a certain amount of data available for transmission for a specific destination, the gNB needs to know when the peer receiving UE(s) associated with this destination is in ActiveTime in order to allocate SL resources correspondingly. It should be noted that the sidelink BSR signalled to the gNB also reports the buffer status per destination. From a SL UE perspective there may be only one “common” ActiveTime which is basically the superposition of the corresponding ActiveTime(s) of all the destinations/services.
Proposal 4: Tx UE provides assistance information to gNB on DRX configuration/ActiveTime information per SL destination/service. In order to allow gNB to efficiently schedule SL resources (mode 1) to the Tx UE, the gNB should be aware of the time slots the Tx UE is in ActiveTime for a specific destination, e.g. SL service.

For cases when the SL ActiveTime on the PC5 interface is not synchronized between Tx UE and gNB (for mode 1) it may happen the gNB allocates SL resources which are outside the Tx UE’s ActiveTime respectively outside the ActiveTime of a specific destination. This may for example happen if the SL ActiveTime(s) has been changed/adapted but not further informed to the gNB. Obvioulsy it should be generally avoided that gNB allocates SL resources which are not within the ActiveTime of the Tx UE, i.e. by reporting SL DRX information to the gNB. Nevertheless, the Tx UE behaviour would need to be specified for cases when it receives a SL allocation which doesn’t fall within its DRX ActiveTime. 
If Tx UE would perform a SL transmission outside its ActiveTime, the corresponding peer receiving UE(s) would not be ready to receive this SL transmission, i.e. Rx UE(s) are not monitoring for PSSCH/PSSCH in slots outside their ActiveTime. Therefore a SL transmission outside the sidelink ActiveTime would be a waste of resources and transmission power.

Proposal 5： RAN2 should discuss UE behavior when Tx UE receives SL resource allocation from gNB which are not within the ActiveTime of the Tx/Rx UE, e.g. UE may skip the allocated SL resources. 
As already mentioned above and also addressed in the RAN2 email discussion the exchange of SL DRX related information, e.g. preferred SL DRX patterns of the UE, between UE and gNB is required. Either the gNB or the UE can coordinate Uu DRX and SL DRX SL DRX information. For unicast we think it’s one option that the SL Rx UE sends its preferred SL DRX configuration to the Tx UE which further forwards this information to the gNB. The preferred SL DRX configuration (for a SL service) may be derived by the RX UE considering its Uu DRX configuration. Based on the received information the gNB may configure the PC5 DRX configuration or the Uu DRX configuration for the Tx UE thereby aligning the Uu DRX and PC5/SL DRX.  
Proposal 6: For Unicast, Rx UE could send its preferred PC5 DRX configuration to Tx UE, which is further propagated to the gNB. A gNB can configure PC5/Uu DRX configuration for Tx UE, which considers the alignment of Uu DRX and PC5 DRX.
In order to relax the UE requirements w.r.t CSI/SRS reporting during DRX and also in order to introduce some predictable UE behaviour which avoids the need of gNB double decoding, i.e. decoding assuming CSI/SRS as well as no CSI/SRS transmission, some “ambiguity period” was introduced for NR Uu DRX. Basically, UE determines whether to report CSI/SRS in a current symbol n by considering the downlink signalling (grants/assignments/DRX Command MAC CE/Long DRX Command MAC CE) and SR transmissions impacting the DRX status having been received respectively transmitted until 4ms prior to this symbol n. In case symbol n would not be in Active Time according to the donwlink signalling received respectively SR sent until 4 ms prior to symbol n when evaluating all DRX Active Time conditions, UE does not transmit periodic SRS/CSI on PUCCH/semi-persistent CSI on PUSCH.
RAN2 should discuss whether we also need some “ambiguity period” for the SL DRX operation. In our opinion such behavior may not be required for SL DRX since there is currently no periodic reporting for SL, e.g. SL CSI, which may be affected by the DRX operation, i.e. switch from DRX to ActiveTime. 
Proposal 7: RAN2 to discuss whether a DRX ambiguity time (4ms in NR Uu) is required for SL DRX procedure.
RAN2#114e meeting agreed Uu inactivity timer start condition for SL UE: For Tx UE configured with sidelink resource allocation mode 1, it should start or restart the Uu drx-InactivityTimer if the UE receives a PDCCH indicating a new SL transmission. This means whenever there has new SL schedule, SL UE will (re)start Uu inactivity timer. However, this is not always needed to (re)start Uu inactivity timer. For example, when SL UE only has broadcast transmission, in which case SL inactivity timer is not supported, there not expect to have following data on sidelink. So Uu inactivity timer is not need to be (re)started. Similar case happens for groupcast, since according to RAN2#113bis meeting agreement (SL Inactivity timer is supported for groupcast. FFS on the scenarios where it is supported), groupcast may not support inactivity timer either in specific scenario. So it is proposed that in some cases, e.g. at least broadcast case, Uu inactivity timer is not (re)started when receiving new SL scheduling.
Proposal 8: UE does not (re)start Uu inactivity timer when receive a new SL scheduling for broadcast transmission.

Another case which needs further discussion is how to handle Uu DRX command. In legacy Uu, DRX command implies there is no further DL data and UE can go to “sleep”. So, after UE receive DRX command, UE will stop on-duration timer and inactivity timer and enter long DRX cycle or short DRX cycle.
However, for SL UE, inactivity timer is also related to SL transmission. What is the UE behavior after receive Uu DRX command is not so clear? Firstly, we need to discuss what Uu DRX command means in this case. There are two understandings as follows

1) Uu DRX command means there is no further DL data, as legacy

2) Uu DRX command means there has neither DL data nor SL data anymore
In 2), gNB can know whether there still has SL data according to SL BSR from UE. But BO status is best known to the Tx UE, last sent BSR could be stale. In this case, SL BSR may need to be triggered to update BO status in gNB. Both options could work, but option 2) may easier since SL UE behavior has no much difference as legacy, i.e. SL UE can stop on-duration timer and inactivity timer directly when receive Uu DRX command.

Proposal 9: Kindly suggest RAN2 to discuss handling of Uu DRX command, including what Uu DRX command implies and what is the UE behavior
3. Conclusion

This document discussed various power saving options using discontinuous transmission and reception for NR sidelink enhancement work and attempted to give a complete picture to RAN2. The following proposals are made:
Proposal 1: There is only one ActiveTime on the Uu interface which encompasses the PDCCH monitoring for Uu as well as SL related DCI(s).

Proposal 2:  When sl-PUCCH-Config is not configured or PUCCH for SL is not transmitted, SL UE start SL-specific drx-RetransmissionTimer after the last PSSCH transmission
Proposal 3: UE providing assistance information to gNB on timing information indicating when UE is active on the PC5 interface, i.e. transmission/receiving SL data, for aligning DRX configuration on Uu should be considered.

Proposal 4: Tx UE provides assistance information to gNB on DRX configuration/ActiveTime information per SL destination/service. In order to allow gNB to efficiently schedule SL resources (mode 1) to the Tx UE, the gNB should be aware of the time slots the Tx UE is in ActiveTime for a specific destination, e.g. SL service.

Proposal 5： RAN2 should discuss UE behavior when Tx UE receives SL resource allocation from gNB which are not within the ActiveTime of the Tx/Rx UE, e.g. UE may skip the allocated SL resources. 
Proposal 6: For Unicast, Rx UE could send its preferred PC5 DRX configuration to Tx UE, which is further propagated to the gNB. A gNB can configure PC5/Uu DRX configuration for Tx UE, which considers the alignment of Uu DRX and PC5 DRX.

Proposal 7: RAN2 to discuss whether a DRX ambiguity time (4ms in NR Uu) is required for SL DRX procedure.

Proposal 8: UE does not (re)start Uu inactivity timer when receive a new SL scheduling for broadcast transmission.

Proposal 9: Kindly suggest RAN2 to discuss handling of Uu DRX command, including what Uu DRX command implies and what is the UE behavior
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