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Introduction

At RAN#86 meeting, a new work item NR Sidelink enhancement was approved in RP-193257 [1]. And at RAN#88-E meeting, the WID was updated in RP-201385 [2] with primarily updated interim dates. 
The objective of this work item is to specify radio solutions that can enhance NR sidelink for the V2X, public safety and commercial use cases. The following table lists the part of objectives related to RAN1.
	
1. Sidelink evaluation methodology update: Define evaluation assumption and performance metric for power saving by reusing TR 36.843 and/or TR 38.840 (to be completed by RAN#89) [RAN1]
· Note: TR 37.885 is reused for the other evaluation assumption and performance metric. Vehicle dropping model B and antenna option 2 shall be a more realistic baseline for highway and urban grid scenarios. 
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].



This contribution discusses resource allocation for power saving in NR sidelink enhancement, and proposes related solutions. Section 2 discusses the periodic resource sensing, configuration of periodic sensing, and periodic sensing and periodic/SPS traffic transmission. Section 3 summarizes the proposals with conclusions.

[bookmark: _Ref36559568]Discussion

TSG RAN started discussions in RAN#84 to identify the detailed motivations and work areas for NR sidelink enhancements in Rel-17, significant interest has been observed from the discussions for the several motivations including the power saving and enhanced reliability and reduced latency.
Power saving enables UEs with battery constraint to perform sidelink operations in a power efficient manner. Enhanced reliability and reduced latency allow the support of URLLC-type sidelink use cases in wider operation scenarios. This contribution focuses on resource allocation enhancement for power saving in NR sidelink.
This section discusses the periodic resource sensing, configuration of periodic sensing, and periodic sensing and periodic/SPS traffic transmission. 

Periodic resource sensing

Rel-16 NR sidelink is designed based on the assumption of “always-on” when UE operates sidelink, e.g., only focusing on UEs installed in vehicles with sufficient battery capacity. Solutions for power saving in Rel-17 are required for vulnerable road users (VRUs) in V2X use cases and for UEs in public safety and commercial use cases where power consumption in the UEs needs to be minimized.
[bookmark: _Ref36563125][bookmark: _Ref39957535]In Rel-14 LTE sidelink, random resource selection and partial sensing had been introduced to reduce the power consumption of sidelink UE. However, current Rel-16 V2X resource sensing is persistent and V2X UE will not stop sensing for resource allocation mode 2, which will lead to significant power assumptions for PUE or VRU.
In order to solve this issue, periodic resource sensing mechanism is proposed. Periodic resource sensing mechanism refers to UE will execute the resource sensing operation in the periodic manner. UE will do resource sensing for a period of time, and will not do resource sensing for another period of time, and this operation is periodic. 
As shown in Figure 1, n is the time of data arrival. The periodicity of resource sensing is 2000ms, and each sensing window is 1100ms, the power consumption of UE for sensing can be reduced about 50% compared to persistent resource sensing. About resource selection, it can be done based on the results of latest sensing window. Therefore, periodic resource sensing mechanism should be considered in Rel-17 sidelink enhancement, in order to reduce the power consumption of UE.
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[bookmark: _Ref46683295]Figure 1: Periodic resource sensing mechanism

[bookmark: _Ref46692514]Proposal 1: Periodic resource sensing mechanism should be considered in Rel-17 sidelink enhancement, in order to reduce the power consumption of UE.

Configuration of Periodic resource sensing

[bookmark: _Ref46589390]The periodic resource sensing configuration information for one UE can be (pre)-configured by NR Uu RRC signaling from gNB or PC5 RRC signaling from another UE. 
Since the sensing windows of periodic resource sensing appear periodically, the time location of the first appearance of the sensing window, the duration of each sensing window and the time interval for each occurrence needs to be configured.
The configuration information of periodic resource sensing includes: 
· Periodicity P of resource sensing
· Repetition number N for each resource sensing period
· The offset between DFN0 Slot0 and the starting position of the first sensing window
· Starting position information of each resource sensing window of the N repetitions
· Duration information W of each resource sensing window of the N repetitions
· RSRP threshold information of resource sensing
As shown in Figure 2, n is the time of data arrival. There is only one sensing window for each resource sensing period, i.e., N=1. P is the periodicity of resource sensing. W is the duration of each sensing window. The time gap between DFN0 Slot0 and the starting position of the first sensing window is denoted by Offset. 
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[bookmark: _Ref46691873]Figure 2: Configuration of periodic resource sensing

[bookmark: _Ref46692515]Proposal 2: The periodic resource sensing configuration information for one UE can be (pre)-configured by NR Uu RRC signaling from gNB or PC5 RRC signaling from another UE.

[bookmark: _Ref46692517]Proposal 3: The configuration information of periodic resource sensing includes: 
· Periodicity P of resource sensing
· Repetition number N for each resource sensing period
· The offset between DFN0 Slot0 and the starting position of the first sensing window
· Starting position information of each resource sensing window of the N repetitions
· Duration information W of each resource sensing window of the N repetitions
· RSRP threshold information of resource sensing

Periodic resource sensing and periodic/SPS traffic transmission

In Rel-17 sidelink, periodic, aperiodic and SPS traffic transmission will be supported. In this section, we will show how to improve the performance of periodic/SPS transmission with periodic resource sensing.
Assuming a UE is in the process of SPS traffic transmission, and this UE is configured with periodic resource sensing. Every time this UE completed sensing operation in each sensing window, it is necessary for it to judge whether the sub-channels occupied by SPS traffic transmission can be used continuously, according to the results of resource sensing. If the results of resource sensing indicate that the occupied resources are not used by other users, the SPS traffic transmission will continue to use original sub-channels. If the results of resource sensing show that the sub-channels are occupied by other users and exceed the RSRP threshold, the SPS traffic transmission will be stopped, and UE will do resource reselection to find suitable sub-channels for the traffic transmission. Then, a new SPS traffic transmission will be re-started configured with the re-selected sub-channels, which are not collided with the sub-channels used by other users. The similar scheme can be adopted for periodic traffic transmission.
In order to obtain better performance of periodic or SPS traffic transmission, the periodicity of resource sensing can be configured to be equal to the periodicity of periodic or SPS traffic transmission, or be configured as an integer multiple of the periodicity of periodic or SPS traffic transmission. In this way, before each periodic or SPS traffic transmission, UE can judge whether the transmission resources need to be updated according to the effective sensing results, that is, whether the resources need to be re-selected. 
As shown in Figure 3, the periodicity (P1) of resource sensing is configured to be equal to the periodicity (P2) of SPS traffic transmission. For the SPS traffic transmission, n is the time of data arrival. After 1st sensing window, the set of sub-channels S for SPS traffic transmission are selected; then 1st SPS traffic is transmitted with S at time m. After 2nd sensing window, no resource collision is detected then 2nd SPS traffic is transmitted at time m+P2 with original set of sub-channels S. However, after 3rd sensing window, resource collision is detected then resource reselection is started at time n+2*P1, and 3rd SPS traffic is transmitted at time m+2*P2 with re-selected set of sub-channels S’. With the above scheme, the performance of each SPS traffic transmission can be guaranteed.
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[bookmark: _Ref46778288]Figure 3: Periodic resource sensing and SPS traffic transmission

[bookmark: _Ref46692520][bookmark: _Ref46780918][bookmark: _Ref36559580]Observation 1: In order to improve the performance of periodic or SPS traffic transmission, the periodicity of resource sensing can be configured as an integer multiple of the periodicity of periodic or SPS traffic transmission.
 Conclusion

In this contribution, we discuss periodic resource sensing, configuration of periodic sensing, and periodic sensing and periodic/SPS traffic transmission, and give the following proposals:
Proposal 1: Periodic resource sensing mechanism should be considered in Rel-17 sidelink enhancement, in order to reduce the power consumption of UE.

Proposal 2: The periodic resource sensing configuration information for one UE can be (pre)-configured by NR Uu RRC signaling from gNB or PC5 RRC signaling from another UE.

Proposal 3: The configuration information of periodic resource sensing includes:
· Periodicity P of resource sensing
· Repetition number N for each resource sensing period
· The offset between DFN0 Slot0 and the starting position of the first sensing window
· Starting position information of each resource sensing window of the N repetitions
· Duration information W of each resource sensing window of the N repetitions
· RSRP threshold information of resource sensing

Observation 1: In order to improve the performance of periodic or SPS traffic transmission, the periodicity of resource sensing can be configured as an integer multiple of the periodicity of periodic or SPS traffic transmission.
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