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Introduction
[bookmark: _Ref129681832]As described in the NR sidelink enhancement WID [1], there is an objective to introduce sidelink DRX, along with 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.
· Study the feasibility and benefit of 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 if deemed feasible and beneficial [RAN1, RAN2]
· Inter-UE coordination with the following until RAN#90.
· 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 study scope after RAN#90 is to be decided in RAN#90.
· 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



The WID only mentions RAN2 scope. However, in this contribution, we discuss why it is clear that there are impacts of DRX in the physical layer due primarily to its consequences on sensing and related procedures.
[bookmark: OLE_LINK8]Definition of sidelink DRX 
In the Uu interface, a DRX cycle is the periodic repetition of the ON duration followed by a possible OFF duration. The MAC entity monitors the PDCCH during ON duration of a DRX cycle [2] [3]. 
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Figure 1 DRX Cycle in Uu interface
If basic UE behavior of Uu DRX is reused, sidelink DRX has repeated DRX cycles, and a DRX cycle has ON duration followed by a possible OFF duration. For power saving purposes, the UE should firstly monitor SCI transmissions (1st and 2nd stages) in ON durations of sidelink DRX. 
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Figure 2 DRX Cycle in NR sidelink
Impacts of sidelink DRX in physical layer
Impacts of DRX in sidelink resource allocation
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Figure 3 Siedlink resource selection procedure interactions with sidelink DRX
[bookmark: _Hlk26192698]In NR Uu interface, the transmission of certain information during OFF durations is allowed, such as HARQ information [3]. In NR sidelink DRX, whether such allowance is also applicable during OFF duration should be considered carefully, and what kinds of information transmitted needs to be studied further. An evident impact may be on the resource allocation. Specifically, when UE is configured with DRX states in mode 2 resource allocation, the sensing window and ON duration in DRX may be non-overlapped, partially overlapped, or completely overlapped according to the resource selection trigger time, the length of sensing window, and the length of the ON duration in a DRX cycle. As shown in Figure 3, when the UE is triggered at slot n for resource selection, the sensing window is [) [3]. The UE excludes resources in the resource selection window according to decoded SCIs and SL-RSRP measurements in the sensing window. In this example, the sensing window and ON duration in DRX are partially overlapped. PSCCH1 is in ON duration while PSCCH2 is not. The UE will miss PSCCH2 due to DRX. Then corresponding resources are not excluded in the resource selection window. The selected transmission resource may collide with the resources reserved by PSCCH2. Thus the transmission of the UE would be impacted regardless the transmission occurs during ON duration or OFF duration.
Observation 1: The sensing window and ON duration in sidelink DRX can be non-overlapped, partially overlapped, or completely overlapped.
The sensing results are less accurate compared with a non-DRX UE which has full sensing or partial sensing results in the sensing window. The resource collision probability would increase if the UE determines resources only according to sensing results in DRX ON duration. RAN1 should consider how to enhance sensing procedures so they will work well under sidelink DRX, to guarantee the reliability and reduce the transmission resource collision probability.
When a UE is configured with DRX states in mode 1 resource allocation, the UE transmits sidelink SR to request resources for PSCCH and PSSCH transmission. The scheduled resources and ON duration of RX UE can be non-overlapped, partially overlapped, or completely overlapped. As shown in the Figure 4, the scheduled resources and ON duration of RX UE are partially overlapped. If the DRX cycle of RX UE is unavailable for gNB, then the transmission in DRX OFF duration would not be accepted, and the scheduling is wasted. The scheduling of resources by gNB in mode-1 should be further studied in SL DRX mode.  
 [image: ] 
Figure 4 mode 1 interactions with sidelink DRX
Proposal 1: RAN1 needs to consider how to enhance the sidelink resource allocation schemes considering the impacts brought by sidelink DRX.
Impacts on physical layer procedure
As we analyzed above, the UE monitors for SCIs in the ON duration of sidelink DRX [3]. Then reception of the UE would be restricted by DRX operation. 
In LTE Uu interface, UL HARQ information could be not restricted by DRX state and a UE can keep receiving the HARQ information even it is in the OFF duration [2]. That is because LTE UL HARQ feedback can adopt a synchronous manner and the UE receives the information in a dedicated resource without decoding control information. In NR sidelink DRX, the UE would not monitor for SCIs in OFF duration, but whether the UE can receive certain other transmissions during OFF duration should be considered. For example, the received PSCCH and PSSCH may imply a PSFCH reception in OFF duration, or a periodic reception due to semi-persistent configuration is scheduled for the UE. Similar as LTE UL HARQ feedback, if the UE receives them, the UE does not also need to monitor control information during the OFF duration, saving similar power to when not monitoring PDCCH during a Uu DRX cycle. If the UE is not allowed to receive in OFF duration, the latency and reliability would be affected. Thus, whether the reception for some certain information, e.g. SL HARQ information, is allowed during OFF duration without monitoring for SCIs should be studied.
[bookmark: OLE_LINK5]Proposal 2: RAN1 should further study the reception behavior during sidelink DRX OFF duration.
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 proposals are given, to kick-off RAN1 discussions. 
[bookmark: OLE_LINK1]Observation 1: The sensing window and ON duration in sidelink DRX can be non-overlapped, partially overlapped, or completely overlapped.
Proposal 1: RAN1 needs to consider how to enhance the sidelink resource allocation schemes considering the impacts brought by sidelink DRX.
Proposal 2: RAN1 should further study the reception behavior during sidelink DRX OFF duration.
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