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1. Introduction
In RAN2#114e [1], RAN2 has made the following agreements on SL-specific Uu DRX:

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.
In RAN2#115-e,RAN2 has made the following agreements on SL-specific Uu DRX:

Agreements on Uu DRX Impact to Support SL:

1: 
When sl-PUCCH-Config is configured but the PUCCH is not transmitted due to UL/SL prioritization, the TX UE should start the SL-specific drx-HARQ-RTT-Timer in Uu for the corresponding SL HARQ process in the first slot/symbol after the end of the corresponding PUCCH resource. FFS on slot or symbol.

2:
When sl-PUCCH-Config is not configured, the SL-specific drx-RetransmissionTimer should be supported.

3:
SL-specific drx-RetransmissionTimer is started at the first symbol after the end of last PSSCH resource scheduled through one DCI (with the assumption RAN2 agrees not to support SL-specific drx-HARQ-RTT-Timer but to support SL-specific drx-RetransmissionTimer when sl-PUCCH-Config is not configured, when sl-PSFCH-Config is configured). FFS the SL-specific drx-RetransmissionTimer is started at the first slot after the end of last PSSCH resource scheduled through one DCI instead.

4:
SL-specific drx-RetransmissionTimer is started at the first symbol after the end of last PSSCH resource scheduled through one DCI (with the assumption RAN2 agrees not to support SL-specific drx-HARQ-RTT-Timer but to support SL-specific drx-RetransmissionTimer when sl-PUCCH-Config is not configured, when sl-PSFCH-Config is not configured). FFS the SL-specific drx-RetransmissionTimer is started at the first slot after the end of last PSSCH resource scheduled through one DCI instead.
In this paper, we discuss a few remaining issue(s) in this topic.
2. Discussions
For mode 1 TX UE, Uu DRX has been negatively impacted because the additional wake-up time are needed to support SL-specific RRC procedures and DCI-activated or RRC-activated SL grants. Thus, a Sidelink UE will consume more power in monitoring PDCCH when it compared to a UE which does not support sidelink. Given that, in SL-specific Uu-DRX design, it is important to minimize this impact as much as possible and exploit all possible opportunities to reduce UE power consumption.

Observation 1 SL-specific Uu DRX need maximize the time of UE skipping PDCCH decoding.
SL-specific HARQ-related DRX timers are applied to each HARQ process. The opportunity window to skip PDCCH monitoring for each SL HARQ process is right after the receiving of the first SL grant in DCI till the earliest “expected” time for a SL retransmission grant is allocated. With this relatively long duration, there is an uncertainty period at the end of this duration about when a HARQ retransmission will be granted by gNB again. Hence, the pair of complementary timer (RTT timer for a minimal sleep, Retransmission timer for PDCCH monitoring) are introduced to fill this uncertain period, which is between the (potential) PUCCH transmission and reception of DCI grant for the same SL HARQ process, as depicted in Figure 1.
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Figure 1. PDCCH skipping opportunities for SL HARQ process

Based on the above understanding, we discuss two remaining small issues for the SL-specific timers for Uu DRX.
Issue 1: At the expiry of SL-specific drx-HARQ-RTT-Timer
When sl-PUCCH-Config is configured, the RTT timer and ReTx timer are used in pair to ensure the UE to have minimum sleep, but not missing the DCI grant for ReTx. Thus, it is evident that the expiry of SL-specific drx-HARQ-RTT-Timer need immediately trigger the starting of SL-specific drx-RetransmissionTimer. However, there is an exception case that the retransmission grant may not be needed if PUCCH is conveying ACK. This is also true for the similar procedure in Uu for drx-HARQ-RTT-TimerDL, as copied below from TS 38.321[3]:
	1> if a drx-HARQ-RTT-TimerDL expires: 
2> if the data of the corresponding HARQ process was not successfully decoded:
3> start the drx-RetransmissionTimerDL for the corresponding HARQ process in the first symbol after the expiry of drx-HARQ-RTT-TimerDL. 



The SL-specific timers can have the similar behavior as Uu. When RX UE has already decoded the SL MAC PDU and TX UE has indicates this in PUCCH to gNB, there is no need of SL-specific drx-RetransmissionTimer. Therefore, we propose:

Proposal 1 
Mode 1 TX UE shall start SL-specific drx-RetransmissionTimer at the expiry of SL-specific drx-HARQ-RTT-Timer by mode 1 TX UE, except the case when UE sends ACK in the corresponding PUCCH transmission for this SL process.

Issue 2: Stop of SL-specific drx-RetransmissionTimer

SL-specific drx-RetransmissionTimer is for specifying the maximum duration until a grant for SL retransmission is received. It is also obvious that this timer shall be stopped when the grant is received so that UE no longer monitoring PDCCH to save UE power consumption. This evident behavior has not been agreed in RAN2 yet, so we propose to confirm this:
Proposal 2 
SL-specific drx-RetransmissionTimer shall be stopped by mode 1 TX UE when SL retransmission grant is received in DCI.
3. Conclusions

In this paper, we have discussed the remaining issues of SL impact on Uu DRX and have the following observation:
Observation 1 SL-specific Uu DRX need maximize the time of UE skipping PDCCH decoding.
Then, we have the following proposals:

Proposal 1 
Mode 1 TX UE shall start SL-specific drx-RetransmissionTimer at the expiry of SL-specific drx-HARQ-RTT-Timer by mode 1 TX UE, except the case when UE sends ACK in the corresponding PUCCH transmission for this SL process.

Proposal 2 
SL-specific drx-RetransmissionTimer shall be stopped by mode 1 TX UE when SL retransmission grant is received in DCI.
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