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Introduction
In RAN1 #103-e meeting, the following agreements are reached [1].
Agreements:
· Partial sensing based RA is supported as a power saving RA scheme
· FFS details
· Random resource selection is supported as a power saving RA scheme
· FFS any changes or enhancement
· FFS on conditions to apply random resource selection
Agreements:
· In R17, a SL Mode 2 Tx resource pool can be (pre-)configured to enable full sensing only, partial sensing only, random resource selection only, or any combination(s) thereof
· FFS details, including usage, potential restrictions, whether/how any enhancement or condition is needed for the coexistence of full sensing and power saving RA scheme(s) in a same resource pool, etc.
In RAN #90e meeting, the potential impact of sidelink DRX on scheme designing in RAN1 was discussed and the bullet “This work should consider the impact of sidelink DRX, if any.” was added into the power saving scope. The objective of the power saving in Rel-17 sidelink WID was updated as fallowing [2]:
	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.


In this contribution, we will discuss some initial consideration related to power saving.
Discussions 
BWP for power saving UE
In LTE V2X, P-UE can be configured with partial sensing or random selection, in order to achieve power saving. When it comes to Rel-17, for power saving UE, for the same purpose of saving power, it is not reasonable for power saving UE performing full sensing, where it is mainly beneficial for transmission reliability.
[bookmark: _Toc6082][bookmark: _Toc7622][bookmark: _Toc2351][bookmark: _Toc26071]Full sensing is not supported for power saving 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, e.g., 100 MHz.  
On the other hand, it is not necessary for power saving UE to perform sensing and receiving data in a same BWP with V-UE. So, a dedicated BWP can be considered for power saving UE in Rel-17. 
Considering S-SSB detection, it should be noted that the transmission bandwidth for S-SSB is within the bandwidth of the (pre-)configured SL-BWP in Rel-16. We think the same principle should be kept for S-SSB configuration for power saving UE in Rel-17, i.e., S-SSB should be within the bandwidth of the dedicated BWP for power saving UE, as shown in Figure 1. 


Figure 1 dedicated BWP for power saving UE (P-UE)
[bookmark: _Toc12193][bookmark: _Toc32507][bookmark: _Toc9347][bookmark: _Toc897][bookmark: _Toc3283][bookmark: _Toc11928]To reduce power consumption, dedicated BWP can be configured for power saving UE in Rel-17.
[bookmark: _Toc22767][bookmark: _Toc11938][bookmark: _Toc32601][bookmark: _Toc13931][bookmark: _Toc24704][bookmark: _Toc29241]The transmission bandwidth of S-SSB should be (pre-)configured within the dedicated BWP in Rel-17.

Resource selection based on partial 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.
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 power saving UE, e.g., 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: _Toc29821][bookmark: _Toc10680]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 severe 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: _Toc1148][bookmark: _Toc26064][bookmark: _Toc1052][bookmark: _Toc1484]The candidate sensing gap configuration with value other than 100 ms should be supported for partial sensing in Rel-17.
[bookmark: _Toc21018][bookmark: _Toc26001][bookmark: _Toc412][bookmark: _Toc31232]Support to configure more than one candidate sensing gaps in a resource pool for partial sensing in Rel-17.
In order to mitigate the collision risk with aperiodic service, an additional short term sensing can be considered for resource selection based on partial sensing. On the basis of partial sensing, additional short sensing can help to evaluate whether the selected resource is reserved by other UEs specifically for aperiodic service (retransmission). If there is collision, the power saving UE can reselect another resource to transmit. The short term sensing can be additionally performed after resource selection triggering time and before the candidate resource for selection, i.e., before the selection window, as shown in Figure 2.


Figure 2 An example for short term sensing
Based on the additional short term sensing, the collision of aperiodic traffic which would happened during the gap between partial sensing duration and resource selection window can be mitigated.
[bookmark: _Toc25897][bookmark: _Toc32735][bookmark: _Toc12097]Support short term sensing along with partial sensing for power saving UE in Rel-17.

Random resource selection
In Rel-17, it is assumed that sidelink resource pool can be configured for sharing among power saving UEs and V-UEs configured with full sensing. In addition, it is agreed in the last meeting that different RA schemes, i.e., full sensing, partial sensing and random selection, can be configured with any combination(s) in a mode 2 Tx resource pool. While details of how these different RAs coexist is not settled down.
When V-UEs configured with full sensing and power saving UE configured with partial sensing are sharing the same resource pool, there is no transmission collision issue since V-UE performing full sensing and power saving UE performing partial sensing with enhancement will keep away from each other’s transmission.
If only random resource selection is configured for a mode 2 Tx resource pool, the transmission based on random resource selection is fair to other UEs which are also configured with random selection. Therefore, no enhancement need to be considered.
If random resource selection is configured to be coexisted with other RA schemes, e.g., full sensing and partial sensing. Since no sensing is performed before resource selection, the resource reserved by the UE with other RA scheme may be selected the UE with random resource selection. This would cause collision to those UE which are performing sensing or partial sensing and therefore decrease the transmission reliability to those UE. 
[bookmark: _Toc7943][bookmark: _Toc2842]In a mode 2 Tx resource pool shared between random resource selection and other RA schemes with sensing, collision caused by random selection would impact the performance of UEs under other RA schemes. 
In order to mitigate this potential impact, if the resource randomly selected can be sensed by those UE configured with sensing or partial sensing, transmission collision can be avoided. That is to say, if a resource is selected by random selection UE, reservation indication for this resource can be used for sensing by the UEs with sensing-based RA scheme.  
[bookmark: _Toc13573][bookmark: _Toc23180][bookmark: _Toc14226][bookmark: _Toc12843][bookmark: _Toc11464]Resource pool should not be shared among random selection UE and UEs configured with other RA schemes, i.e. full sensing and partial sensing, unless random selection UE can reserve the resource by sending reservation indication.

Consideration for the impact of sidelink DRX 
In RAN #90e meeting, the bullet “This work should consider the impact of sidelink DRX, if any.” was added into the objective of the power saving in Rel-17 sidelink WID. It means that RAN1 should consider whether impact of sidelink DRX would be on the resource allocation design for power saving UEs.
RAN1 understands that sidelink DRX can be configured towards the UE with partial sensing. When the configured sidelink DRX is under active time (on duration), UE needs to monitor control channel for the purposes of both data reception and sensing. From the perspective of reliability of sidelink communication, RAN1 hopes that the configuration of sidelink DRX can be aligned with the partial sensing parameters. Otherwise, the potential impact would be caused on performance of sidelink communication if assuming partial sensing only be performed within active duration, since UE cannot ensure enough duration to perform sensing. 
[bookmark: _Toc191][bookmark: _Toc15914]If assuming partial sensing only be performed during active duration and sidelink DRX is (pre-)configured without consideration of partial sensing parameters, the restriction of sidelink DRX will reduce reliability of sidelink communication.
[bookmark: _Toc23761][bookmark: _Toc9202][bookmark: _Toc20166][bookmark: _Toc25036][bookmark: _Toc32670]For power saving, the partial sensing parameter should be taken into sidelink DRX (pre-)configuration, i.e. in RAN1’s perspective, it is assumed that sidelink DRX (pre-)configuration would be aligned with the partial sensing parameter .
On the other hand, the mis-alignment conflict between sidelink DRX ON duration and partial sensing window would happen in a small probability,. In this case, a preferred solution is to perform sensing purely according to configured partial sensing window irrespective of sidelink DRX configuration. By this way, power consumption may increase, but it is acceptable from the perspective of balancing between power saving and transmission reliability. 
[bookmark: _Toc235][bookmark: _Toc8884][bookmark: _Toc22927][bookmark: _Toc27523][bookmark: _Toc29556]Power saving UE should perform sensing purely according to configured partial sensing window irrespective of sidelink DRX configuration.

Reception for power saving UE
In LTE V2X, P-UE supports P2V transmission and does not support V2X reception. In Rel-17, the type of feature for reception need to be also considered. 
At the last meeting in RAN1, some power saving features for SL reception were discussed for evaluation and designing in Rel-17 with a conclusion as following. 
	Conclusion
· SL reception Type A and Type D should be used as the reference for evaluation and designing of SL power saving features in R17. 
· Type A: UE is not capable of performing reception of any SL signals and channels, FFS with exception of performing PSFCH and S-SSB reception (aim to conclude in RAN1#104-e)
· Type D: UE is capable of performing reception of all SL signals and channels defined in R16. It does not preclude UE to perform reception of a subset of SL signals/channels
· If there are evaluations with assumptions other than the above reference, the detailed assumptions need to be reported
· Note: the types and the associated capability defined here are not intended to be defined as Rel-17 UE features as is.


For the Type A, we prefer not to support reception of PSFCH and SSB, since Type A can be regarded as a minimum requirement for power saving without any reception necessity. At the same time, other features between Type A and Type D are not precluded for evaluation and design. 
[bookmark: _Toc26976][bookmark: _Toc11419][bookmark: _Toc17914][bookmark: _Toc1362][bookmark: _Toc29072][bookmark: _Toc28369][bookmark: _Toc21408][bookmark: _Toc1985][bookmark: _Toc27944]SL reception Type A is defined without performing reception of PSFCH and SSB. 
HARQ feedback for power saving UE
In Rel-16 NR V2X, HARQ feedback is supported for unicast and groupcast. Based on configured 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 HARQ feedback based retransmission, the reliability of sidelink communication can be improved. In Rel-17, the potential requirements of unicast and groupcast can be seen for power saving UE, e.g., 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: _Toc22189][bookmark: _Toc106][bookmark: _Toc14108][bookmark: _Toc18035][bookmark: _Toc13759][bookmark: _Toc20677][bookmark: _Toc15864]Sidelink unicast, groupcast and broadcast communication should be supported for power saving UE in Rel-17.
One step further, whether HARQ feedback is supported for power saving UE can also be considered. For sidelink unicast and groupcast, if HARQ feedback is supported, it would be beneficial for improving the reliability of sidelink communication. It is observed that there is no particular traffic types and Qos requirement for power saving UE, we think legacy HARQ feedback can be reused.
[bookmark: _Toc22238][bookmark: _Toc22387][bookmark: _Toc29538][bookmark: _Toc14727][bookmark: _Toc10492][bookmark: _Toc22887][bookmark: _Toc24348][bookmark: _Toc14248][bookmark: _Toc27657]Legacy HARQ feedback can be reused for power saving UE in Rel-17.

Conclusion
This contribution concludes with the following observation and proposals:
Observation 1: 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.
Observation 2: In a mode 2 Tx resource pool shared between random resource selection and other RA schemes with sensing, collision caused by random selection would impact the performance of UEs under other RA schemes.
Observation 3: If assuming partial sensing only be performed during active duration and sidelink DRX is (pre-)configured without consideration of partial sensing parameters, the restriction of sidelink DRX will reduce reliability of sidelink communication.

Proposal 1: Full sensing is not supported for power saving UE.
Proposal 2: To reduce power consumption, dedicated BWP can be configured for power saving UE in Rel-17.
Proposal 3: The transmission bandwidth of S-SSB should be (pre-)configured within the dedicated BWP in Rel-17.
Proposal 4: The candidate sensing gap configuration with value other than 100 ms should be supported for partial sensing in Rel-17.
Proposal 5: Support to configure more than one candidate sensing gaps in a resource pool for partial sensing in Rel-17.
Proposal 6: Support short term sensing along with partial sensing for power saving UE in Rel-17.
Proposal 7: Resource pool should not be shared among random selection UE and UEs configured with other RA schemes, i.e. full sensing and partial sensing, unless random selection UE can reserve the resource by sending reservation indication.
Proposal 8: For power saving, the partial sensing parameter should be taken into sidelink DRX (pre-)configuration, i.e. in RAN1’s perspective, it is assumed that sidelink DRX (pre-)configuration would be aligned with the partial sensing parameter .
Proposal 9: Power saving UE should perform sensing purely according to configured partial sensing window irrespective of sidelink DRX configuration.
Proposal 10: SL reception Type A is defined without performing reception of PSFCH and SSB.
Proposal 11: Sidelink unicast, groupcast and broadcast communication should be supported for power saving UE in Rel-17.
Proposal 12: Legacy HARQ feedback can be reused for power saving UE in Rel-17.
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