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1. Introduction
At RAN#88 meeting, revised WID [1] on NR sidelink enhancement was endorsed. Based on the WID, RAN1 starts discussion from this meeting. In this contribution, we provide our views on resource allocation enhancement for power saving.

2. Discussions
2.1. Confirmation of assumption
Firstly, assumed communication scenarios should be confirmed before discussion 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. However, in our understanding, Rel-14 LTE SL partial sensing was motivated for P2V communication. For example, 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. According to this assumption, a UE (pre-)configured with partial sensing monitors other UEs’ transmissions in limited time-resources and selects resources for his transmission based on the monitoring information. Packet arrival timing is delayed by UE implementation to align with the limited time-resources, i.e. partial sensing (pre-)configurations. Note that delay requirement for this use case is not severe; increasing delay as the above is OK.
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 mode. Therefore, only reusing LTE-SL partial sensing mechanism is not sufficient for NR-SL and update for the data reception needs to be discussed/specified. 
Observation 1:
· It should be clarified whether UE (pre-)configured with power saving mode receives transport block from other UEs, which is not assumed in LTE-SL UE (pre-)configured with partial sensing UE.
Proposal 1:
· SL resource allocation enhancement for power saving is made under the following assumption.
· UE (pre-)configured with power saving mode receives transport block from other UEs.

2.2. Potential enhancements
Based on the current NR-SL specification and the above assumption, the following aspects should be discussed.
How to consider aperiodic transmissions?
LTE-SL assumes periodic traffic and thereby periodic resources are reserved. Rel-14 LTE-SL partial sensing is specified under this periodic resource reservation, where resource candidates are set with Y sub-frames within window [n+T1, n+T2]. Sensing target is determined from the Y sub-frames by UE implementation; 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 the following.
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Fig. 1: Example of LTE-SL partial sensing.
Meanwhile, NR-SL assumes both periodic and aperiodic traffic. Time resource assignment field in SCI can reserve one or two resources within 32 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 almost the same between LTE-SL and NR-SL. The LTE-SL partial sensing mechanism can be reused for the periodic reservation; i.e. reservation by using resource reservation period field in SCI. Y slots is determined and some slots determined based on higher layer parameter are monitored.
· 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. 1: One possible solution of partial sensing for NR-SL.
Observation 2:
· To introduce partial sensing to NR-SL, aperiodic reservation needs to be considered; otherwise, many resource collisions are expected.
Proposal 2:
· Partial sensing is supported with update to monitor aperiodic reservation indication.
· For periodic reservation, LTE-SL partial sensing is reused.
· 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.


How to enable data reception at UE (pre-)configured with power saving mode?
[bookmark: _GoBack]The motivation of partial sensing is to sleep at some time duration, where sensing is not processed. For data reception, the same motivation would be assumed. Note that UE (pre-)configured with power saving mode (called as power saving UE here) should enable to receive data transmission from other UEs, as discussed above section. To avoid many drops of transmitted data and many retransmissions, data transmission/reception timing should be aligned among power saving UEs which would like to communicate each other. For example, sleep timing and non-sleep timing are determined based on resource pool configuration, and the timing is same among the power saving UEs. Meanwhile, different UE groups which do not communicate each other should use resources of different timing so that resource utilization efficiency is maximized. Further discussion is necessary for ‘how’.
In addition to above, it would be necessary to share information of non-sleep timing to UEs which are not (pre-)configured with power saving mode (called as normal UE here). Otherwise, the normal UE does not know when himself can transmit data to power saving UE. It leads to many retransmissions to power saving UE, which degrades system performance.
Observation 3:
· UE (pre-)configured with power saving mode would skip data receptions at some slots. It would lead to many retransmissions.
Proposal 3:
· Sleep and non-sleep timing are aligned among UEs which are (pre-)configured with power saving mode and communicate each other.
· FFS: how to align
· FFS: how to use different timing between communication groups
· Non-sleep timing is informed to UE which is not under power saving mode.


Whether/How to do 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 are performed at the time before T3 from the first selected resource, and they use sensing information within window [n+T1, n+T2], where n is the slot to do re-evaluation and pre-emption. However, UE doing partial sensing has limited sensing information. To apply re-evaluation and pre-emption, additional sensing information would be necessary since sensing slots according to partial sensing configuration is different dependently on triggering timing of sensing behaviour. Therefore, 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.
[image: ]
Fig. 2: Necessity of additional sensing for re-evaluation and pre-emption
 (only periodic reservation is considered for easy illustration)
Observation 4:
· Rel-16 re-evaluation and pre-emption at UE (pre-)configured with partial sensing lead to much less power saving since UE needs to monitor many resources to do them.
Proposal 4:
· Discuss further whether re-evaluation and pre-emption should be supported for UE which is (pre-)configured with power saving mode.
· If supported, Rel-16 re-evaluation and pre-emption are updated to avoid monitoring much more resources.


Whether to mandate PSFCH transmission anytime?
One of the main differences between LTE-SL and NR-SL is HARQ feedback on SL. 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, HARQ feedback should be supported for power saving UE as well. In this case, one question is raised here: 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 adopted in Rel-16 means that to transmit PSFCH is uncontrollable by himself. It is OK in Rel-16 UE but could be undesirable for Rel-17 power saving UE. Less PSFCH transmission should be allowed for power saving, if required.
For example, following are considerable for the solution, but further discussion would be desirable in the next meeting, which should be based on quantitative evaluation with evaluation methodology discussed in this meeting.
· RX-UE can decide whether PSFCH is transmitted or dropped.
· PSFCH occasions in which UE can transmit PSFCH are limited compared to Rel-16 UE.
· The number of PSFCH transmission in multiple PSFCH occasions are limited.
· NACK-only feedback is applied for unicast as well.
Observation 5:
· A lot of PSFCH transmissions can be requested to power saving UE. It could result in more power consumption but the UE cannot avoid the PSFCH transmissions on Rel-16 mechanism.
Proposal 5:
· Discuss further whether to update PSFCH transmission rule for power saving.


3. Conclusion
In this contribution, we discussed SL resource allocation enhancement for power saving. Observations/Proposals are summarized as following: 
Observation 1:
· It should be clarified whether UE (pre-)configured with power saving mode receives transport block from other UEs, which is not assumed in LTE-SL UE (pre-)configured with partial sensing UE.
Proposal 1:
· SL resource allocation enhancement for power saving is made under the following assumption.
· UE (pre-)configured with power saving mode receives transport block from other UEs.
Observation 2:
· To introduce partial sensing to NR-SL, aperiodic reservation needs to be considered; otherwise, many resource collisions are expected.
Proposal 2:
· Partial sensing is supported with update to monitor aperiodic reservation indication.
· For periodic reservation, LTE-SL partial sensing is reused.
· 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 3:
· UE (pre-)configured with power saving mode would skip data receptions at some slots. It would lead to many retransmissions.
Proposal 3:
· Sleep and non-sleep timing are aligned among UEs which are (pre-)configured with power saving mode and communicate each other.
· FFS: how to align
· FFS: how to use different timing between communication groups
· Non-sleep timing is informed to UE which is not under power saving mode.
Observation 4:
· Rel-16 re-evaluation and pre-emption at UE (pre-)configured with partial sensing lead to much less power saving since UE needs to monitor many resources to do them.
Proposal 4:
· Discuss further whether re-evaluation and pre-emption should be supported for UE which is (pre-)configured with power saving mode.
· If supported, Rel-16 re-evaluation and pre-emption are updated to avoid monitoring much more resources.
Observation 5:
· A lot of PSFCH transmissions can be requested to power saving UE. It could result in more power consumption but the UE cannot avoid the PSFCH transmissions on Rel-16 mechanism.
Proposal 5:
· Discuss further whether to update PSFCH transmission rule for power saving.
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