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Introduction
In Rel-16, NR sidelink is designed based on the V-UEs which have quite large battery capacity. In Rel-17, P-UE is introduced, which has limited UE capability and battery, therefore, power saving need to be considered in the WI. According to the WID for NR sidelink enhancement updated in RAN #88 meeting, the following objective is made for resource allocation enhancement [1]:
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.
In this contribution, we will discuss on resource allocation for power saving.
Discussions 
Resource selection based on sensing
In LTE V2X, random resource selection and partial sensing are both supported for P-UE for power saving. For random resource selection, resource sensing is not needed. For partial sensing, P-UE only performs sensing in a set of subframes based on a pattern in sidelink resource pool. Specifically, for subframe ty including candidate single-subframe resources for PSSCH transmission, the P-UE shall monitor the candidate sensing subframes ty-k*step. Here step equals to 100 and k is positive integer of one or more values from {1, 2, 3, ..., 10} according to the parameters configured from high layers. By this means, power consumption will be reduced. In our view, the partial sensing in LTE V2X can be used as starting point of the resource allocation for P-UE in Rel-17.
It should be noted that in LTE V2X only the periodic resource reservation is supported. And only the integer multiple of 100 ms and {20, 50} ms are supported for the periods of resource reservation. By partial sensing with a candidate sensing gap of 100 ms or combine with additional scaling process, P-UE can recognize the reserved resources for above periodic services.
In NR V2X, besides the periods of the integer multiple of 100 ms, other periods with [0:99] ms are also supported. Up to 16 values can be configured per resource pool. If the partial sensing is performed only with the candidate sensing gap of 100 ms, the reserved resources with some period values of [0:99] may not be identified by P-UE. For example, if the sidelink services with period of 70 ms are supported in a sidelink resource pool, performing partial sensing based on the candidate sensing gap of 100 ms may fail to monitor the resource reservation for this period. On the other hand, aperiodic service is supported in NR V2X, if the legacy partial sensing procedure in LTE is reused, it can not monitor the transmission and re-transmission of the aperiodic service. In Rel-17, the two types of services mentioned above would bring new challenge for resource selection for P-UE.
[bookmark: _Toc47554715][bookmark: _Toc31436]For the aperiodic service and the service with some periods of [0:99] ms in NR V2X, if legacy partial sensing procedure in LTE V2X is reused, it may fail to identify the reserved resources.
In order to mitigate the risk of transmission collision resulted by aperiodic service and the service with period from [0:99] ms, enhancement should be considered for partial sensing in Rel-17. If sensing resource is enough, e.g., all slots in the resource pool, the resource reservation with periods of [0:99] ms and the retransmission of the aperiodic service can also be identified. But it would cause high level power consumption. 
One possible solution is to configure an adaptable candidate sensing gap for partial sensing to support the service with period of [0:99] ms. According to the periods values configured for the resource pool, an adaptable candidate sensing gap can be determined. For example, if the sidelink services with period of 30 ms and 60 ms are supported in a sidelink resource pool, configuring the candidate sensing gap of 30 ms can monitor the resource reservation for the both periods. 
It can be seen that the adaptable candidate sensing gap for partial sensing may be not easy to determine in some cases in the above solution. For example, if the periods 30 ms and 70 ms are supported in resource pool, it is hard to use one  candidate sensing gap for partial sensing to monitor the service reservation for the two services. In this case, two candidate sensing gaps can be considered for partial sensing. For example, two candidate sensing gaps with 30 ms and 70 ms respectively are configured. 
[bookmark: _Toc8349][bookmark: _Toc7101][bookmark: _Toc15539]The candidate sensing gap configuration with value other than 100 ms should be supported for partial sensing in Rel-17.
[bookmark: _Toc29218][bookmark: _Toc22998][bookmark: _Toc7645]Support to configure more than one candidate sensing gaps for partial sensing in Rel-17.
Reception for P-UE
In LTE V2X, P-UE supports P2V transmission and does not support V2X reception. In Rel-17, some new use cases may be needed to be supported, such as dynamic ride sharing, which are included in 3GPP TR 22.886. In the use case of dynamic ride sharing, the P-UE needs to receive the information of the ride sharing details and discovery signal from the vehicle. It can be seen that the requirements of reception for P-UE is necessary.
	[bookmark: _Toc533173655]5.14.1.1	General
This use case enables a vehicle to advertise willingness to share capacity with another road user and for a pedestrian to indicate intent to travel in a ride share. The vehicle may share information about itself such as current occupancy, available capacity, destination, estimated time of arrival, interstitial stops etc. The pedestrian may share information about itself such as destination, some personal information and credentials, etc.
[image: Picture1]
Figure 5.14.1.1-1: Dynamic ride sharing



Similarly, in the use case of tethering via vehicle, P-UE obtains access to the network via vehicle. It also needs to receive network (downlink) data relayed from vehicle.
[bookmark: _Toc27944][bookmark: _Toc28369][bookmark: _Toc7165]Support reception of sidelink communication for P-UE in Rel-17. 
HARQ feedback for P-UE
In Rel-16 NR V2X, HARQ feedback is supported for unicast and groupcast. Based on dedicated resource, the receiving UE sends HARQ information in PSFCH to assist the transmitting UE to determine whether the retransmission is needed. By the means of valid retransmission, the performance of sidelink communication can be improved. In Rel-17, the potential requirements of unicast and groupcast can be seen for P-UE. For example, in the case of dynamic ride sharing, a P-UE supporting a V2X application needs to establish direct unicast communication with a V-UE based on discovery results. 
[bookmark: _Toc7476]P-UE should support sidelink unicast, groupcast and broadcast communication in Rel-17.
Considering this point, whether HARQ feedback is supported for P-UE can be considered. If HARQ feedback is supported, it would be beneficial for the performance of V2P communication. While it should be noted that HARQ feedback may also introduce complicated procedure for P-UE, which may be not beneficial for power saving. In our view, Further consideration may be needed.
[bookmark: _Toc22887][bookmark: _Toc22238][bookmark: _Toc17783]Whether support HARQ feedback for P-UE needs to be considered further.
Dedicated BWP for P-UE
In LTE V2X (Rel-14), the maximum system bandwidth is 20 MHz, P-UE can operate sidelink communication in the same bandwidth with V-UE. In Rel-16, wide bandwidths are supported for sidelink. V-UE can operate sidelink in a wide BWP, e.g., 100 MHz. Accordingly, a wide BWP is usually configured for V-UE. For P-UE, performing sensing and receiving data in a wide BWP are not beneficial for power saving. So, a dedicated BWP with narrow bandwidth can be considered for P-UE in Rel-17. 
Considering S-SSB detection, it should be noted that the dedicated BWP for P-UE should cover the bandwidth of S-SSB transmission, as shown in Figure 1. This can assure that P-UE is able to detect S-SSB. 


Figure 1 dedicated BWP for P-UE
[bookmark: _Toc12010][bookmark: _Toc11493][bookmark: _Toc13544]To reduce power consumption of P-UE, dedicated BWP with narrow bandwidth should be considered for P-UE in Rel-17
[bookmark: _Toc9888][bookmark: _Toc27174]The dedicated BWP for P-UE should cover the bandwidth of S-SSB transmission.
Besides SSB detection, another issue is to make P-UE accurately receive data transmitted from V-UE. Two alternatives targeting on this issue can be considered:
[bookmark: _Toc18946]Alt 1: V-UE should be configured with a new transmission resource pool particularly used for traffic transmission towards P-UE, of which the frequency location of the resource pool should fall into P-UE’s dedicated BWP.
[bookmark: _Toc31707]Alt 2: V-UE should use the transmission resource to transmit traffic towards P-UE, of which the frequency location should be within P-UE’s dedicated BWP.
[bookmark: _Toc23349]In order to make P-UE accurately receive data transmitted from V-UE, RAN1 should discuss solutions from the following two alternatives:
[bookmark: _Toc17218]Alt 1: V-UE should be configured with a new transmission resource pool particularly used for traffic transmission towards P-UE, of which the frequency location of the resource pool should fall into P-UE’s dedicated BWP.
[bookmark: _Toc30810]Alt 2: V-UE should use the transmission resource to transmit traffic towards P-UE, of which the frequency location should be within P-UE’s dedicated BWP.
Conclusion
This contribution concludes with the following observation and proposals:
1. For the aperiodic service and the service with some periods of [0:99] ms, current partial sensing procedure may fail to identify the reserved resources.
Proposal 1: The candidate sensing gap configuration with value other than 100 ms should be supported for partial sensing in Rel-17.
Proposal 2: Support to configure more than one candidate sensing gaps for partial sensing in Rel-17.
Proposal 3: Support reception of sidelink communication for P-UE in Rel-17.
Proposal 4: P-UE should support sidelink unicast, groupcast and broadcast communication in Rel-17.
Proposal 5: Whether support HARQ feedback for P-UE needs to be considered further.
Proposal 6: To reduce power consumption of P-UE, dedicated BWP with narrow bandwidth should be considered for P-UE in Rel-17
Proposal 7: The dedicated BWP for P-UE should cover the bandwidth of S-SSB transmission.
Proposal 8: In order to make P-UE accurately receive data transmitted from V-UE, RAN1 should discuss solutions from the following two alternatives:
Alt 1: V-UE should be configured with a new transmission resource pool particularly used for traffic transmission towards P-UE, of which the frequency location of the resource pool should fall into P-UE’s dedicated BWP.
Alt 2: V-UE should use the transmission resource to transmit traffic towards P-UE, of which the frequency location should be within P-UE’s dedicated BWP.
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