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Introduction
[bookmark: _Ref129681832]As described in the updated NR sidelink enhancement WID [1], it is clarified that RAN1 should consider the impacts sidelink DRX impact, when introducing power saving resource allocation enhancements:
	2. Resource allocation enhancement:
· Specify resource allocation to reduce power consumption of the UEs [RAN1, RAN2]
· Baseline is to introduce the principle of Rel-14 LTE sidelink random resource selection and partial sensing to Rel-16 NR sidelink resource allocation mode 2.
· Note: Taking Rel-14 as the baseline does not preclude introducing a new solution to reduce power consumption for the cases where the baseline cannot work properly.
· This work should consider the impact of sidelink DRX, if any.
· Study the feasibility and benefit of solution(s) on the enhancement(s) in mode 2 for enhanced reliability and reduced latency in consideration of both PRR and PIR defined in TR37.885 (by RAN#91), and specify the identified solution(s) if deemed feasible and beneficial [RAN1, RAN2]
· Inter-UE coordination with the following.
· A set of resources is determined at UE-A. This set is sent to UE-B in mode 2, and UE-B takes this into account in the resource selection for its own transmission.
· Note: The solution should be able to operate in-coverage, partial coverage, and out-of-coverage and to address consecutive packet loss in all coverage scenarios.
· Note: RAN2 work will start after RAN#89.
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



Further to the analysis of SL DRX in our companion paper [2], in this contribution, we further discuss the impact on aspects apart from resource allocation, and discuss why it is clear that there are impacts of SL DRX in the SL HARQ operation.
[bookmark: OLE_LINK8]Impacts on SL HARQ Operation
SL HARQ operation is specified in NR-V2X to enhance the reliability and efficiency of sidelink communication. With the introduction of SL DRX, the UE behavior of monitoring various sidelink channels is changed. Based on the RAN2#113-e agreement, for data reception, UE should monitor PSCCH and 2nd SCI on PSSCH in SL active time for SL DRX. RAN1 has agreed that the UE can perform sensing in the inactive time, and it remains to decide the extent of specification rules for doing so. In addition to the data reception, whether PSFCH reception should be restricted during SL inactive time needs to be considered.
In LTE Uu interface, UL HARQ information is received by UE from eNB on PHICH. The reception is not restricted by the DRX state and UE must keep receiving the HARQ information even during inactive time, as specified in TS 36.321 [3]:
	[bookmark: _Toc29242977][bookmark: _Toc37256238][bookmark: _Toc37256392][bookmark: _Toc46500331][bookmark: _Toc52536240]5.7	Discontinuous Reception (DRX)
…
Regardless of whether the MAC entity is monitoring PDCCH or not, the MAC entity receives and transmits HARQ feedback and transmits type-1-triggered SRS, as specified in TS 36.213 [2], when such is expected. The MAC entity monitors PDCCH addressed to CC-RNTI for a PUSCH trigger B, as specified in TS 36.213 [2], on the corresponding SCell even if the MAC entity is not in Active Time. when such is expected.



It is understood that PDCCH monitoring and blind decoding consumes much power. However, the LTE UL HARQ feedback procedure is synchronous, and when PHICH is used, the UE receives HARQ in a deterministically known resource without blind decoding. The additional power consumption is acceptable for UE. In NR sidelink, the UE monitors PSCCHs scheduling PSSCHs during DRX active time. 
Similar as LTE UL HARQ feedback, PSFCH receptions corresponding to the scheduled PSSCHs happen at deterministically known occasions which do not require blind decoding as well, i.e., once PSCCH and associated PSSCH are transmitted, the location of PSFCH can be derived. Regarding this, from the power consumption perspective, supporting PSFCH reception during SL DRX inactive time seems to cost acceptable power even for power saving UE. Specifically, according to the agreements in RAN1#103-e and specified UE power consumption model for FR1 in TR 38.840 [4]. The minimum value of power consumption level of PSFCH RX is 50 power units, while the power consumption level of “PSCCH/PSSCH RX” is 300 power units (see table and agreements below) and power consumption level of “1st SCI/2nd SCI” is 210 power units. The power consumption of PSFCH RX is relatively lower than that of PSCCH/PSSCH RX and 1st SCI/2nd SCI reception, thus power consumption of PSFCH RX during DRX inactive time is acceptable. 
On the other hand, if the Tx UE is not allowed to receive PSFCH during SL DRX inactive time, a retransmission would be triggered due to HARQ information absence. However, if the ignored HARQ feedback during inactive time is ACK, the retransmission should be avoided, thus additional power of PSCCH/PSSCH TX is consumed. It can be observed that the power consumption of PSFCH RX is substantially lower than that of data (re-)transmission (50 power units vs. 250/700 power units). 
Table 1 power consumption for FR1
	Power state 
	Relative power(power units)

	PDCCH+PDSCH
	300

	UL
	250 or 700

	PSCCH/PSSCH TX
	250 or 700

	PSCCH/PSSCH RX
	300

	PSFCH RX
	50

	1st SCI/2nd SCI RX
	210



	Agreements:
Confirm the following agreement with red changes:
· (Working assumption) Scaling of SL BWP size adaptation in RX perspective
· X MHz is by (0.4 +0.6*(X-20)/80), where X is in MHz *100 MHz
· (Working assumption) For “PSCCH/PSSCH RX”,
· In non-PSFCH-slot (i.e., the number of PSCCH/PSSCH symbols is 13), 
· the power consumption level is the same as that of “PDCCH+PDSCH”
· (Working assumption) For power consumption level of “PSFCH RX”, 
· the power consumption level is power consumption level of “PDCCH-only” for cross-slot scheduling
· Its minimum value is 50
Agreements:
Remove the square brackets in the following agreements with red-colored clarification. 
· Agreements made in RAN1#102-e meeting:
· For power consumption level of “1st SCI/2nd SCI RX”, 
· the power consumption level is [0.7]* power consumption level of “PSCCH/PSSCH RX”
· For power consumption level of “PSFCH TX”, 
· the power consumption level is [0.35]*power consumption level of “UL” for long PUCCH or PUSCH
· For power consumption level of “S-SSB RX”, 
· the power consumption level is [1.5]*power consumption level of “Uu SSB-processing”
Agreements:
· For power consumption level,
· For power consumption level of “PSCCH/PSSCH TX” 
· In non-PSFCH-slot (i.e. the number of PSCCH/PSSCH symbols is 13), 
· the power consumption level is the same as that of “UL” for long PUCCH or PUSCH


Based on above analysis, it is beneficial to support PSFCH reception during SL DRX inactive time, so following is proposed:
Proposal: A UE can perform PSFCH reception during its sidelink DRX inactive time.

Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we show that there will be impacts in the physical layer due to the introduction of sidelink DRX in Rel-17. Based on above discussions, the following proposal is given, to kick-off RAN1 discussions. 
[bookmark: OLE_LINK15][bookmark: OLE_LINK11][bookmark: OLE_LINK12]Proposal: A UE can perform PSFCH reception during its sidelink DRX inactive time.
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