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1. Introduction
At RAN#89 meeting, revised WID [1] on NR sidelink enhancement was endorsed. Based on the WID, RAN1 starts discussion on SL power saving from this meeting. In this contribution, we share our views on resource allocation enhancement for power saving.

2. Discussions
2.1. Assumed UE capability
Firstly, RAN1 should have common understanding of assumed UE capability aiming power saving before discussions on detailed solutions. In the WID, it is described that baseline of resource allocation enhancement for power saving is Rel-14 LTE SL random resource selection and partial sensing. Here, it should be noted that Rel-14 LTE SL partial sensing was motivated for P2V communication where P-UE does not receive any data or any channel/signal via SL. The assumed use case is for example that P-UE transmits his position to V-UE and the V-UE uses the information to avoid traffic accident with the P-UE. P-UE does not need to receive any V-UE’s data transmissions while P-UE receives control information only for resource allocation (partial sensing) or does not receive any channel/signal (random selection).
On the other hand, Rel-17 NR-SL enhancement focuses on other use cases as well as P2V communication; public safety and commercial use case. In these use cases, it is assumed that UEs would receive other UEs’ data transmissions (i.e. transport block) under power saving feature. Therefore, only reusing LTE-SL partial sensing/random selection is not sufficient for UEs which is capable of data reception. Some update for these UEs needs to be discussed/specified.
Observation 1:
· Power saving in LTE-SL is motivated for P2V communication. P-UE does not receive any transmitted data from other UEs.
· Power saving in NR-SL includes public safety and commercial use case as the target. UE with power saving feature in these use cases will receive data transmitted from other UEs.
· Resource allocation enhancement for this UE is necessary
Proposal 1:
· For power saving in Rel-17 NR SL enhancement, the following types of UEs are assumed.
· UE incapable of data reception
· UE capable of data reception

2.2. Enhancement for UE capable data reception
As abovementioned, Rel-17 SL enhancement WI should cover UE capable of data reception as well. Under power saving feature, no receptions in some time resources would be expected. LTE partial sensing/random selection are designed on this assumption. However, the mechanisms are only from TX-UE perspective. For communication with UE that is under power saving feature and is capable of data reception, RX-UE perspective needs to be considered as well. In other words, LTE-SL with power saving covers data transmission only from power saving UE to normal UE (UE without power saving feature), while NR-SL with power saving will cover data transmission also from normal/power saving UE to power saving UE. If any enhancement for the second communication case is not introduced, many data receptions are skipped and it leads to many retransmissions. Definitely, system performance will degrade as the result.
Required enhancement would be that TX-UE knows timing in which RX-UE under power saving feature can do data reception. For example, sleep timing and non-sleep timing are determined based on resource pool configuration, and the timing is same among power saving UEs that would like to communicate each other (e.g. involving specific service). Meanwhile, different UE groups which do not communicate each other should use resources of different timing in order to maximize resource utilization efficiency. In addition, the non-sleep timings are shared to normal UE so that normal UE understands when power saving UEs can do data reception.
This aspect would be related to RAN2 topic: DRX, which is included in WID [1]. RAN1 should inform RAN2 of the RAN1’s assumption on data reception capability. RAN1 firstly focuses on UE incapable of data reception and then UE capable of data reception after RAN2 decision and reply.
Observation 2:
· To support UE capable of data reception with power saving, sleep timing/non-sleep timing needs to be shared and aligned to communicate each other.
· This aspect is related to RAN2 topic: DRX.
Proposal 2:
· An LS is sent to RAN2 to inform them of the following.
· RAN1 assumes that this WI supports both of UE capable of data reception with power saving and UE incapable of data reception with power saving.
· RAN1 asks whether to consider DRX in resource identification to report candidate resources to MAC layer.
· RAN1 firstly focuses on UE incapable of data reception.
· After RAN2 decisions on DRX mechanism, some modifications are discussed for UE capable of data reception if necessary.

2.3. Assumption on resource pool
One required clarification is whether a resource pool can be shared among UEs with different types of resource allocation. In NR-SL Rel-17, at least the following three types of resource allocation mechanism are discussed and possibly supported: Full sensing (Rel-16 mechanism), partial sensing, random selection without sensing. If resource pool sharing is supported, resource utilization efficiency would be improved; meanwhile, reliability/latency performance might be degraded due to resource collision.
Our view is that resource pool sharing among different types of resource allocation should be supported at least in Rel-17. The reason is that a UE can be configured with multiple resource pools. For example, one resource pool is allowed with only full sensing and another is allowed with full sensing and partial sensing. A UE capable of full sensing can use both resource pools. If the UE has TX data required with higher reliability and lower latency, the data can be transmitted via the first resource pool. For TX data not requiring higher reliability and lower latency, the second resource pool is used. In other words, the second resource pool is a kind of a bonus. A UE can handle his transmissions in consideration of the required performance and the possible performance in the resource pool. Of course RAN1 should also introduce some specific mechanism to improve performance of the second resource pool.
Proposal 3:
· A resource pool can be configured with multiple types of resource allocation mechanisms.
2.4. Enhancement on LTE partial sensing
Here, mechanism of LTE partial sensing is reconfirmed. LTE-SL assumes periodic traffic and thereby periodic reservation is supported. Rel-14 LTE-SL partial sensing is specified under this periodic resource reservation, where by UE implementation, resource candidates are set with Y sub-frames within window [n+T1, n+T2]. Sensing target is determined from the Y sub-frames; UE monitors a set of sub-frame , where sub-frame  is included in the Y sub-frames and k-th bit of higher layer parameter gapCandidateSensing is 1. This can be illustrated as follows.
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Fig. 1: Example of LTE-SL partial sensing.

2.4.1. Aperiodic reservation
NR-SL assumes both periodic and aperiodic traffic. Time resource assignment field in SCI can reserve one or two future resources within 31 slots for aperiodic data transmissions. Therefore, to introduce partial sensing to NR-SL resource allocation mode 2, the reservation mechanism for aperiodic transmissions should be considered sufficiently. Without the consideration, system performance will degrade significantly.
Regarding how to consider the aperiodic reservation mechanism, one possible solution would be that periodic reservation and aperiodic reservation are separately considered in partial sensing operation. 
· For periodic reservation, the reservation mechanism is based on LTE-SL. The LTE-SL partial sensing mechanism can be reused for the NR periodic reservation; i.e. reservation by using resource reservation period field in 1st SCI. Y slots are determined and the corresponding slots determined based on higher layer parameter are monitored. However, some update would be necessary due to e.g. shorter periodicity discussed in the next sub-section. Note that periodic reservation part is the same as LTE partial sensing for just an example.
· For aperiodic reservation, all resources within [y1-31, n-Tproc,0) should be monitored since SCI in the window can indicate the candidate resources, where y1 is the first slot index within Y slots. Otherwise, resource collision between aperiodic traffic would occur frequently. 
The above solution can be illustrated as the following figure. 
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Fig. 2: Enhancement for aperiodic reservation.
Observation 3:
· To introduce partial sensing to NR-SL, aperiodic reservation needs to be considered as well as periodic reservation; otherwise, many resource collisions are expected.
Proposal 4:
· Partial sensing is supported with separate determination of sensing target for periodic reservation and aperiodic reservation.
· For periodic reservation, LTE-SL partial sensing is reused with some update.
· Y slots are set to candidate resources.
· Resources determined based on the Y slots and periodicities possible to be indicated are monitored.
· FFS: how to update from LTE-SL mechanism.
· For aperiodic reservation, resources within [y1-31, n-Tproc,0) is monitored, where y1 is the first slot index within Y slots of selection candidates in partial sensing.

2.4.2. Shorter periodicity
For periodic reservation, in LTE, UE monitors a set of sub-frame  as abovementioned.  is basically 100 ms since possible periodicities for reservation are multiples of 100 ms.  can cover any periodicity. Meanwhile, NR-SL Rel-16 supports shorter periodicity than 100 ms; i.e. 1, 2, ..., 99 ms. The same mechanism by using  with  cannot be reused as it is. Some update from LTE-SL would be necessary. For example, the following enhancements are possible options:
· Option 1: Restrict available periodicities in the resource pool configured with partial sensing
For example,  is set as 10 ms, and available periodicities are only multiples of 10 ms. In this case, LTE-SL partial sensing can be reused without any other update. However, this option sacrifices flexibility of periodicity for periodic reservation and possibility of reservation with shorter periodicity.
· Option 2:  is determined based on periodicities configured in the resource pool
For example, when configured periodicity set is {15, 100, 500},  is set as 5 ms to cover all candidates; i.e. the greatest common divisor. Also this option can reuse LTE-SL partial sensing without any other update, while  might be very small (e.g. 1 ms), which leads to many bits for bitmap k.
· Option 3: Sensing target is the last N periods per periodicity
For example with N = 1, sensing target is a set of slot , where  is i-th periodicity configured with the resource pool. This option is easy from specification perspective, while amount of sensing targets might not be sufficient if N is small and power saving performance would not be good if N is large.
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Fig. 3: Option 3 with N = 1.
Possible options are not only the above; RAN1 should have further discussions on this issue.

Observation 4:
· Sensing target determination in LTE partial sensing (i.e. by using ) cannot be reused for NR-SL as it is due to support of much shorter periodicities.
Proposal 5:
· For periodic reservation, LTE partial sensing is enhanced to consider shorter periodicities.
· The following options are considered for the enhancement.
· Option 1: Restrict available periodicities in the resource pool configured with partial sensing
· Option 2:  is determined based on periodicities configured in the resource pool
· Option 3: Sensing target is the last N periods per periodicity
· Other options are not precluded.


2.4.3. HARQ feedback operation
One of the main differences between LTE-SL and NR-SL is HARQ feedback operation. NR-SL supports HARQ feedback on PHY layer via PSFCH. In NR Rel-16, RX-UE receives TB on SL from TX-UE, and then the RX-UE can transmit corresponding HARQ-ACK information to TX-UE on a PSFCH resource. HARQ feedback is important feature to improve reliability with better system performance; hence, it seems that HARQ feedback should be supported for power saving UE (at least partial sensing UE) as well.
In this case, two questions are raised here:
· Question 1: From PSFCH TX-UE perspective, whether to mandate PSFCH transmission anytime?
For a UE, when a TB is transmitted to the UE and the associated SCI indicates HARQ feedback, the UE shall report the corresponding HARQ-ACK to the source UE unless a lot of PSFCH transmissions are overlapped over the transmission capability. This mechanism means that PSFCH transmission timing cannot be decided by PSFCH TX-UE. The UE might transmit PSFCH anytime, which is against to purpose of this agenda item. Less PSFCH transmission occasion should be allowed for power saving. For example, the following alternatives can be considered and further discussion would be necessary.
· Alt 1: Available PSFCH occasion for TX from power saving UE is restricted. Data TX-UE considers the occasion in his resource allocation.
· Alt 2: NACK-only feedback is supported for unicast as well.
Observation 5:
· From PSFCH TX-UE perspective,
· PSFCH transmissions in a lot of PSFCH occasions can be requested to a power saving UE. It would result in more power consumption but the UE cannot refuse the PSFCH transmissions on Rel-16 mechanism. 
Proposal 6:
· Resource allocation to transmit to a power saving UE is enhanced for less PSFCH transmission occasions at the UE.

· Question 2: From PSFCH RX-UE perspective, whether to consider corresponding PSFCH occasion in resource allocation?
After PSSCH transmission from a UE, the UE receives corresponding PSFCH in the corresponding occasion. The association between PSSCH resource and PSFCH occasion is fixed in each resource pool. If the UE selects PSSCH resources for multiple TBs without consideration of each PSFCH occasion, the UE might need to receive PSFCH in many occasions, which lead to more power consumption. Less PSFCH reception occasion should be considered for power saving.
Observation 6:
· From PSFCH RX-UE perspective,
· PSSCH transmissions from a power saving UE could be associated with a lot of PSFCH occasions. It would result in more power consumption but the UE cannot consider the PSFCH reception occasions in Rel-16 resource allocation mechanism. 
Proposal 7:
· Resource allocation at a power saving UE is enhanced for less PSFCH reception occasions at the UE.

2.4.4. Pre-emption/Re-evaluation
In NR Rel-16, re-evaluation and pre-emption are introduced to avoid resource collision and prioritize data transmission with higher priority. Re-evaluation and pre-emption check are performed at the time before T3 from the first selected resource, and pre-emption check is performed at the time before T3 from the already reserved resource in addition. They use sensing information within window [m-T0, m-Tproc,0) to reserve resources within window [m+T1, m+T2], where m is the slot index to do re-evaluation and pre-emption check. UE monitors any resources basically; thereby, additional sensing only for re-evaluation and pre-emption check is unnecessary.
However, in partial sensing, UE monitors only a required part of window [n-T0, n-Tproc,0) where n is the slot index to do resource selection and n<m. The sensed slots for resource selection at slot n would be different from required slots for re-evaluation and pre-emption check at slot m. In addition, slot m is determined by resource selection procedure. The timing is unknown before slot n; therefore, the UE shall monitor many slots to apply Rel-16 re-evaluation and pre-emption check as it is. Non-sleep duration will increase and power saving performance is degraded significantly. If re-evaluation and pre-emption are supported at power saving UE as well, some update should be discussed and introduced so that power saving performance is maintained as much as possible.
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Fig. 4: Issue on Rel-16 re-evaluation and pre-emption with partial sensing 
(only with sensing target for periodic reservation and with same k in Fig. 2 for easy discussion).
Observation 7:
· If Rel-16 re-evaluation and pre-emption without any update are supported with partial sensing, UE shall need to monitor much more slots.
Proposal 8:
· NR re-evaluation and pre-emption are enhanced for less monitoring slots at partial sensing UE.


2.5. Enhancement on LTE random selection
2.5.1. Applicability
In LTE-SL, when a UE is configured with random selection (without sensing), the UE can do transmission without any restriction. In other words, the UE can transmit by using any resource, any priority, etc. No dedicated restriction for random selection is applied. In this case, many resource collisions are expected and communication performance will be quite low level. For better performance, some enhancement on applicability of random selection should be discussed; for example, the following solutions are considerable.
· Solution 1: Restrict available resource
For example, specific resources in a resource pool are available only for full sensing, and other resources in the resource pool can be used for both full sensing and random selection. The same restriction might be possible by resource pool configuration.
· Solution 2: Restrict priority level
For example, if transmission with random selection has higher priority, other UEs configured with sensing can apply pre-emption to avoid resource collision.
Observation 8:
· LTE random selection has no restriction on the applicability and it would lead to many resource collisions.
Proposal 9:
· LTE random selection is enhanced to reduce resource collisions.

2.5.2. HARQ feedback operation
One question on random selection is whether to apply HARQ feedback operation. Currently we think from two reasons that there is no necessity to support HARQ feedback operation with random selection. Firstly, UE using random selection is motivated with higher power saving performance. If UE needs to do HARQ feedback operation, power saving performance will degrade. Secondly, the required reliability/latency performance will be not so high level. Random selection will be assumed with many collisions even if some enhancement is introduced. Motivation to support HARQ feedback would be small.
Proposal 10:
· Random selection is used with HARQ feedback = disabled.


3. Conclusion
In this contribution, we discussed SL resource allocation enhancement for power saving. Observations/Proposals are summarized as following: 
Observation 1:
· Power saving in LTE-SL is motivated for P2V communication. P-UE does not receive any transmitted data from other UEs.
· Power saving in NR-SL includes public safety and commercial use case as the target. UE with power saving feature in these use cases will receive data transmitted from other UEs.
· Resource allocation enhancement for this UE is necessary
Proposal 1:
· For power saving in Rel-17 NR SL enhancement, the following types of UEs are assumed.
· UE incapable of data reception
· UE capable of data reception
Observation 2:
· To support UE capable of data reception with power saving, sleep timing/non-sleep timing needs to be shared and aligned to communicate each other.
· This aspect is related to RAN2 topic: DRX.

Proposal 2:
· An LS is sent to RAN2 to inform them of the following.
· RAN1 assumes that this WI supports both of UE capable of data reception with power saving and UE incapable of data reception with power saving.
· RAN1 asks whether to consider DRX in resource identification to report candidate resources to MAC layer.
· RAN1 firstly focuses on UE incapable of data reception.
· After RAN2 decisions on DRX mechanism, some modifications are discussed for UE capable of data reception if necessary.
Proposal 3:
· A resource pool can be configured with multiple types of resource allocation mechanisms.
Observation 3:
· To introduce partial sensing to NR-SL, aperiodic reservation needs to be considered as well as periodic reservation; otherwise, many resource collisions are expected.
Proposal 4:
· Partial sensing is supported with separate determination of sensing target for periodic reservation and aperiodic reservation.
· For periodic reservation, LTE-SL partial sensing is reused with some update.
· Y slots are set to candidate resources.
· Resources determined based on the Y slots and periodicities possible to be indicated are monitored.
· FFS: how to update from LTE-SL mechanism.
· For aperiodic reservation, resources within [y1-31, n-Tproc,0) is monitored, where y1 is the first slot index within Y slots of selection candidates in partial sensing.
Observation 4:
· Sensing target determination in LTE partial sensing (i.e. by using ) cannot be reused for NR-SL as it is due to support of much shorter periodicities.
Proposal 5:
· For periodic reservation, LTE partial sensing is enhanced to consider shorter periodicities.
· The following options are considered for the enhancement.
· Option 1: Restrict available periodicities in the resource pool configured with partial sensing
· Option 2:  is determined based on periodicities configured in the resource pool
· Option 3: Sensing target is the last N periods per periodicity
· Other options are not precluded.
Observation 5:
· From PSFCH TX-UE perspective,
· PSFCH transmissions in a lot of PSFCH occasions can be requested to a power saving UE. It would result in more power consumption but the UE cannot refuse the PSFCH transmissions on Rel-16 mechanism. 
Proposal 6:
· Resource allocation to transmit to a power saving UE is enhanced for less PSFCH transmission occasions at the UE.
Observation 6:
· From PSFCH RX-UE perspective,
· PSSCH transmissions from a power saving UE could be associated with a lot of PSFCH occasions. It would result in more power consumption but the UE cannot consider the PSFCH reception occasions in Rel-16 resource allocation mechanism. 
Proposal 7:
· Resource allocation at a power saving UE is enhanced for less PSFCH reception occasions at the UE.
Observation 7:
· If Rel-16 re-evaluation and pre-emption without any update are supported with partial sensing, UE shall need to monitor much more slots.
Proposal 8:
· NR re-evaluation and pre-emption are enhanced for less monitoring slots at partial sensing UE.
Observation 8:
· LTE random selection has no restriction on the applicability and it would lead to many resource collisions.
Proposal 9:
· LTE random selection is enhanced to reduce resource collisions.
Proposal 10:
· Random selection is used with HARQ feedback = disabled.
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