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Introduction
Power saving enables UEs with battery constraint to perform sidelink operations in a power efficient manner. 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. As endorsed in the Rel-17 WID of NR sidelink enhancement, power saving is one of the objectives drawing significant interest[1]. 
To evaluate the power consumption of UEs with battery constraint, the following agreements were achieved in RAN1#102e and #103e meetings[2][3]:
Agreements:
· For power consumption scaling for adaptation, 
· (Working assumption) Scaling of SL BWP size adaptation in RX perspective
· X MHz is (0.4 +0.6*(X-20)/80)*100 MHz
· Scaling for SL BWP size adaptation in TX perspective
· No scaling
· Scaling for RX AP adaptation for FR 1
· 2 RX is 0.7*4 Rx power
· Note that scaling for adaptation on other parameters is not precluded for power consumption model, and companies are encouraged to provide the assumptions in details. 
Agreements:
Confirm the following agreement with red changes:
· (Working assumption) Scaling of SL BWP size adaptation in RX perspective
· X MHz is by (0.4 +0.6*(X-20)/80), where X is in MHz *100 MHz
· (Working assumption) For “PSCCH/PSSCH RX”,
· In non-PSFCH-slot (i.e., the number of PSCCH/PSSCH symbols is 13), 
· the power consumption level is the same as that of “PDCCH+PDSCH”
· (Working assumption) For power consumption level of “PSFCH RX”, 
· the power consumption level is power consumption level of “PDCCH-only” for cross-slot scheduling
· Its minimum value is 50
For resource pool configuration in Rel-17, the following agreement was achieved in RAN1 #103e meeting[3]:
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.
Till now, good progress of partial sensing for power saving was reached. However other aspects which may have impacts on power saving, such as BWP configuration, resource pool configuration, etc, are not taken into account.
In this contribution, the impact of BWP configuration and resource pool configuration for power saving UEs are discussed.
Discussions 
BWP 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 bandwidth is supported for sidelink, e.g., 100 MHz. If the same BWP is supposed to be supported by power saving UE and vehicle UE, this would cause much power consumption for battery constraint UEs, e.g. pedestrian UEs.
As considered in sidelink evaluation methodology for power saving, scaling of SL BWP can reduce the power consumption for power saving UE. Thus, a dedicated BWP can be considered for power saving UE in Rel-17. In this case, for power saving UEs, only one BWP is configured, and for vehicle UEs, it is the same that only one BWP is configured. This logic is aligned with the description of WID that “for the scenarios of NR sidelink carrier, this work will consider a single carrier for the NR sidelink transmission and reception”[1].
[bookmark: _Toc86935895][bookmark: _Toc14632][bookmark: _Toc15050]To reduce power consumption, dedicated BWP can be configured for power saving UE in Rel-17.
If a dedicated BWP is configured for power saving UEs, to detect S-SSB from vehicle UEs and power saving UEs, the transmission bandwidth for S-SSB should be configured 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: _Toc71624948][bookmark: _Toc12171][bookmark: _Toc13456][bookmark: _Toc30120][bookmark: _Toc86935896]The transmission bandwidth of S-SSB should be (pre-)configured within the dedicated BWP in Rel-17.
Resource pool configuration for power saving UE
In Rel-17, it is agreed a resource pool be (pre-)configured to enable full sensing only, partial sensing only, random resource selection only, or any combination(s) thereof. That means power saving UEs can share the same resource pool with vehicle UEs, and the legacy resource pool configuration logic of Tx resource pools and Rx resource pools would be reused for power saving UEs. But as we know, in Rel-16, generally, the Rx resource pools are configured in common for all the UEs with a same SIB12 or pre-configuration, i.e. a sl-RxPool indicated in SIB12 or SL-PreconfigurationNR[4]. If the same amount of RX resource pools are configured for power saving UEs as vehicle UEs, it will cause more but useless power consumption for power saving UEs. To allow the flexibility of resource pool configuration, dedicated Rx resource pool configuration should be supported for power saving UEs.
[bookmark: _Toc2354][bookmark: _Toc86935897][bookmark: _Toc5110]Dedicated Rx resource pool configuration should be supported for power saving UEs in Rel-17.
Periodic-based partial sensing in case that slot n is not predicted.

In RAN1#106-e meeting, it was agreed that for a resource pool (pre-)configured with at least partial sensing and UE is configured by its higher layer for partial sensing, the triggering of re-evaluation and pre-emption checking is as in Rel-16[5]. That means slot n when the triggering arrives is implemented by MAC layer, thus not expected/predicted by physical layer. At slot n, physical layer should have performed periodic-based partial sensing for any required period, i.e. the most recent sensing occasion and/or the last periodic sensing occasion prior to the most recent one for all of the given reservation periodicity before the resource (re)selection trigger slot n or the first slot of the set of Y candidate slots. But how to ensure that a set of slots according to of a periodic sensing occasion are sensed for all of given reservation periodicity is not clear till now. There are two options to perform periodic-based partial sensing in case triggering at slot n is not expected:

Option 1: Before slot n, for each of given reservation periodicity, a set of slots according to of any periodic sensing occasion are performed sensing independently.
By option 1, a UE would perform periodic partial sensing independently for each of reservation period, an example of sensing slots is show in Figure 1. 


Figure 1 : An example for overlaps between different partial sensing occasions
As we know, in case that there are more than one Preserve values, it's quite likely that one reservation period may not be the integer multiple of others. That means the occasion corresponding to a certain reservation period and the occasions corresponding to other reservation periods overlap on some slots yet not others. 
[bookmark: _Toc86935904][bookmark: _Toc83914390]In case that slot n is not predictable, if sensing is performed independently based on each reservation period in time domain, it is hard to select a candidate resource set Y which is evaluated by the sensing based on all reservation periods and meets the PDB requirement. 

Option 2: In a sensing gap, all of the given reservation periodicities, the set of slots according to of any periodic sensing occasion are sensed, and the slot of Y are aligned for all of the configured reservation periodicities.

As shown in Figure 2, the candidate resource set Y should be evaluated for all Preserve values and it can existin every sensing gap. By option 2, for every potential resource (re)selection trigger event, a set of Y slot can be determined within the nearest sensing gap , thus the sensing reliability can be ensured and the set of slots of any periodic sensing occasion are sensed according to for all of the given reservation periodicities. 



Figure 2 : An example of partial sensing with sensing gap
[bookmark: _Toc71620777][bookmark: _Toc71577639]Based on the analysis, the following proposal is given:
[bookmark: _Toc71577698][bookmark: _Toc71577721][bookmark: _Toc71620785][bookmark: _Toc71620808][bookmark: _Toc71624938][bookmark: _Toc79224124][bookmark: _Toc86935898][bookmark: _Toc83914397][bookmark: _Toc1875][bookmark: _Toc13885]For periodic partial sensing, the periodic sensing occasions that UE monitors should be within a sensing gap. 

Conclusion
Based on above discussion, this contribution concludes with the following observation and proposals:
Observation 1: In case that slot n is not predictable, if sensing is performed independently based on each reservation period in time domain, it is hard to select a candidate resource set Y which is evaluated by the sensing based on all reservation periods and meets the PDB requirement.

Proposal 1: To reduce power consumption, dedicated BWP can be configured for power saving UE in Rel-17.
Proposal 2: The transmission bandwidth of S-SSB should be (pre-)configured within the dedicated BWP in Rel-17.
Proposal 3: Dedicated Rx resource pool configuration should be supported for power saving UEs in Rel-17.
Proposal 4: For periodic partial sensing, the periodic sensing occasions that UE monitors should be within a sensing gap.
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