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Introduction
The work item for NR V2X was approved in RAN#86 and revised in RAN#90e [1], and the following objectives were identified in relation to resource allocation enhancements for reducing power consumption: 
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.

Based on these objectives, the following conclusions and agreements were made in the previous meeting [2]:
	· For the set of Preserve values in periodic-based partial sensing, 
· If no (pre-)configuration (i.e., by default), Preserve corresponds to all values from the (pre-)configured set sl-ResourceReservePeriodList.
· Otherwise, a single set of Preserve values can be (pre-)configured, where the set of Preserve values are restricted to a subset of the (pre-)configured set sl-ResourceReservePeriodList
· This is per mode 2 Tx resource pool (pre-)configuration
· A UE by implementation may also monitor other sl-ResourceReservePeriodList values not part of the restricted subset 
· In particular, the UE may additionally monitor occasions corresponding to P_RSVP_Tx
· FFS whether the monitoring can be mandatory
· In periodic-based partial sensing for resource (re)selection, the UE at least monitors in periodic sensing occasion(s) for a given reservation periodicity before the first slot of the selected Y candidate slots subject to processing time restriction for the identification of candidate resources.
·   The processing time restriction includes Tproc,0SL  and Tproc,1SL.
·   Aspects relating to sensing during SL DRX are to be discussed separately
· Relationship to re-evaluation and pre-emption operation for periodic-based partial sensing to be discussed separately
· FFS details including whether monitoring of periodic sensing occasions between triggering slot n and the first slot of the selected Y candidate slots subject to processing time restriction is performed as part of resource (re)selection or re-evaluation and pre-emption checking
· For the k value in periodic-based partial sensing for resource (re)selection,
· By default, the UE monitors the most recent sensing occasion for a given reservation periodicity before the resource (re)selection trigger slot n or the first slot of the set of Y candidate slots subject to processing time restriction.
· If (pre-)configured, UE additionally monitors periodic sensing occasions that correspond to a set of values which can be (pre-)configured with at least one value
· (Working assumption) Possible values correspond to the most recent sensing occasion for a given reservation periodicity before the resource (re)selection trigger slot n or the first slot of the set of Y candidate slots, and the last periodic sensing occasion prior to the most recent one for the given reservation periodicity are included.
· FFS: whether/which other values and details of the (pre-)configuration (e.g. max number of values or sensing occasions)
· FFS: whether a value denotes a specific occasion to monitor or the earliest occasion to start the monitoring.
· FFS relationship between periodic-based partial sensing occasions and SL-DRX
· Note:
· This is for the case when the resource (re)selection triggering slot n is expected by UE
· For random resource selection,
· Reuse the maximum distance separation of 32 logical slots for a HARQ retransmission resource reserved by a prior SCI for the same TB, which was defined in R16 for full sensing operation.
· SL HARQ feedback enabled transmission is supported (FFS applicable conditions if any)
· The minimum HARQ feedback time gap (Z) shall be respected between any two selected resources of a TB where a HARQ feedback for the first of these resources is expected.
· FFS the impact of resource collision when random resource selection is performed by a UE which does not perform sensing / re-evaluation and pre-emption checking in a resource pool with mixed RA schemes (e.g. for low priority or any priority transmissions).
· Including study potential solution(s) if the impact is not negligible (e.g. threshold based, raising priority, minimum time gap, pattern based, a priori SCI reserving initial transmissions, resource pool partitioning, and etc.).
· In contiguous partial sensing for resource (re)selection, TA and TB values can be zero, positive or negative 
· TA and TB values or range depend on different operating scenarios or conditions (e.g., periodic/aperiodic traffic, predictability of triggering slot n, remaining PDB, re-evaluation/pre-emption checking, HARQ feedback, CBR/CR parameter, power saving, etc)
· FFS details
· FFS: details of how periodic-based partial sensing and contiguous partial sensing are used for re-evaluation and pre-emption checking. Including how to reduce UE’s power consumption (caused by additional sensing operation of re-evaluation/pre-emption) after its resource selection, with the considerations of different operating scenarios or conditions (e.g., pre-emption enabled/disabled, HARQ-ACK enabled/disabled, etc).




The power saving feature is expected to be required for battery-based UEs, for example, pedestrians and cyclists as well as public safety UEs using V2X applications. In this contribution, we discuss approaches for power saving on NR sidelink based on principles from Rel-14 LTE sidelink, as well as based on new solutions, which leverage mechanisms introduced in NR Rel-16.

Random Resource Selection without Sensing
In RAN1#104bis-e [3], it was agreed to support random resource selection as a power saving scheme for both periodic and aperiodic transmissions. It was especially beneficial in LTE when power saving UEs were expected to only transmit, and not receive, thereby eliminating the power-consuming sensing and reception procedures. This is similar to Type A and Type B UEs, where these UEs are not capable of performing reception of any SL signals and channels (with the exception of PSFCH and S-SSB for Type B UEs). 
The outstanding issues related to random resource selection are whether only Type A UEs are restricted to using random resource selection, and its subsequent effect on the resource pool utilization.
Resource Pool Restrictions for Random Resource Selection
It was agreed that resource pools in Rel-17 can be configured to enable random resource selection only, or in combination with full or partial sensing. With regards to the FFS from the previous meeting on mixed-mode resource pools, enabling both random resource selection and sensing in the same resource pool would place UEs carrying out random resource selection at a disadvantage, since these UEs could select resources that have already been reserved by UEs that have carried out sensing. This would result in a high risk of resource collisions, and can also trigger resource re-evaluation in other sensing UEs, since these UEs have determined that a resource that they had reserved has been taken up by a power saving UE carrying out random resource selection.
Based on these issues, it would be possible to restrict the usage of resource pools with random resource selection enabled only for UEs that carry out random resource selection. This could apply to either Type A or D UEs, as long as they do not select resources based on sensing procedures within the given resource pool. Another issue that has to be borne in mind is that resource pools with only random resource selection configured cannot be used by Rel-16 UEs, since it would result in further resource collisions.
Proposal 1: Due to the risk of collisions and unnecessary triggering of resource re-evaluation, we propose that UEs carrying out sensing are restricted in its usage of resource pools with random resource selection enabled.

Another aspect that has to be considered regarding the resource pool design to be used for random resource selection is the usage of the PSFCH. Since Type A UEs cannot perform reception of the PSFCH, it does not make sense for such a resource pool to have PSFCH configured. Hence in order to avoid resource under-utilization, we propose that Type A UEs carrying out random resource selection transmit in resource pools with PSFCH disabled.
Proposal 2: We propose that resource pools with random resource selection enabled are defined with PSFCH disabled.

Transmission Restrictions for Random Resource Selection
Since HARQ feedback-based transmissions are not possible for Type A UEs, they can resort to blind retransmissions to maintain the reliability of their transmissions. However, since the maximum number of blind retransmissions that a UE can carry out are up to 32, as per Rel-16, it should not result in the UEs transmitting each packet 32 times in order to ensure their reliability. This will result in the flooding of the resource pool and lead to further collisions. Hence, we propose that the maximum number of retransmissions to be carried out by Type A UEs are limited based on the priority of the transmission. In this case, packets with high priority can be retransmitted up to a maximum of 32 times, while low priority transmissions can be restricted to a lower number. This will ensure that reliability is maintained for transmissions by Type A UEs, without resulting in collisions due to a high number of retransmissions.
Proposal 3: For UEs carrying out random resource selection and are not capable of PSFCH reception, we propose to restrict the maximum number of blind retransmissions to be carried out based on the priority of the transmission.

Sidelink DRX
One of the objectives of the Rel-17 WID [1] is the introduction of SL DRX, which should enable a UE to configure discontinuous reception on the sidelink based on RAN2 inputs. Having DRX on NR sidelink allows power saving UEs to use the battery more efficiently. DRX operation facilitates UE power reduction through RF chain circuit ON/OFF switching, where UEs can receive only during the ON duration of the DRX cycle to save power. 
For SL DRX to work efficiently, the DRX configurations between the gNB and the UEs need to be aligned when operating in Mode 1. Similarly, in Mode 2, DRX alignment is required between UEs to transmit to and receive from each other. Another essential aspect of SL DRX is the alignment between partial sensing windows and the SL DRX durations. While the first two aspects are being discussed in RAN2, the latter needs to be discussed in further detail in RAN1.
Alignment between Partial Sensing Windows and SL DRX Durations
In this case, the sensing windows and the DRX ON durations need to be aligned for UEs to successfully carry out the sensing and resource (re-)selection procedure while at the same time conserving power. This requirement is further accentuated when the UE is carrying out partial sensing, where the partial sensing occasions need to align with the SL DRX durations for UEs to successfully receive the PSCCH. If partial sensing were to be allowed to take place outside the DRX active period, it will diminish the power saving gains that the UE could achieve by using SL DRX in the first place, especially since sensing is one of the most power-hungry processes at a UE.
Proposal 4: We propose that the partial sensing occasions are aligned with the SL DRX active period in order to maximize the power saving gains. 

Based on the discussions in RAN2 [5], a Mode 2 UE would receive SL DRX configurations from the TX UE in the case of unicast transmissions, or would use pre-configured SL DRX configurations in the case of broadcast and groupcast transmissions. In the case of unicast transmissions, the TX UE would carry out partial sensing based on its configured active durations, and provide this DRX configuration to the RX UE. Hence it would be the responsibility of the UE to align its partial sensing occasions according to the received DRX configuration. In order to carry out partial sensing for groupcast or broadcast transmissions, the UE would have to align its partial sensing intervals with the pre-configured DRX active durations by selecting the most relevant set of pre-configured DRX configurations. 
Proposal 5: In the case of Mode 2, we propose that the RX UE aligns its partial sensing occasions according to the received SL DRX configurations, either from the TX UE in the case of unicast, or from pre-configuration in the case of groupcast or broadcast transmissions.

Impact of Reduced Sensing due to SL DRX 
Another challenge with using SL DRX is the reduced sensing time a UE has to determine resources for its transmissions. Having intermittent ON/OFF durations might affect the ability of UEs operating in Mode 2 to reliably select resources as the UE's sensing duration is decreased. Therefore, a trade-off between the reliability requirements and power saving needs to be considered such that the UEs can adapt sleep and awake timing depending on the required reliability of the use cases.
An option for UEs using SL DRX to obtain reliable sensing results would be for the UE to receive assistance information for the time intervals when it was not able to carry out sensing. The UE would need to fill in the gaps due to the SL DRX inactive period using the sensing results obtained from the assistance information messages.
Proposal 6: In the case of inadequate sensing results, we propose that the UE uses assistance information messages in order to obtain the required sensing information for carrying out reliable resource selection.

Possible Further Solutions for Power Saving 
Apart from the aforementioned solutions to reduce power consumption, we have described a few solutions in this section that could go one step further in ensuring power saving, and negate the drawbacks of the baseline solutions. 
Assisted Resource Allocation
An aspect that could improve the power saving abilities of UEs, aside from the baseline solutions carried forward from LTE, is by using inter-UE coordination. It was already found to be feasible and beneficial in terms of enhancing the reliability and reducing the latency of the system [3]. It can also be coupled with partial sensing and SL DRX to increase the reliability of resource allocation, while at the same time reducing power consumption.
Inter-UE coordination can be carried out by RSUs, group lead UEs within groups, or even another UE to provide a set of resources to power constrained UEs in order to use these resources for their own transmissions. These resources could be a pool of reserved resources from which the UEs can select randomly or specific resources that UEs can directly use for their transmissions. These UEs can also merge their limited sensing results with the assistance information received in order to determine the best available resources for their transmissions. This would be advantageous when UEs are restricted to only limited sensing results due to SL DRX configurations.
These assistance messages can be triggered by request, as described in our accompanying contribution [6], based on which any of these assistance entities can transmit resources pro-actively. This would enable low power UEs to reduce, or skip entirely, the sensing and resource selection process, resulting in significant power saving gains.
A comparative analysis of this solution with the other baseline solutions can be seen in the table below:
	
	Assisted Resource Allocation
	Partial Sensing
	Random Resource Selection

	Collision Probability
	Low, since UEs carrying out full sensing can provide power saving UEs with resources for transmission.
	Medium, since UEs might not have complete sensing results to carry out resource selection without collisions.
	Medium to high, depending on the resource pool configurations and congestion scenario.

	Power Saving
	High, since UEs can completely avoid carrying out sensing, and receive selected resources for their own transmissions.
	Medium, since UEs still have to carry out partial sensing.
	High, since UEs are not carrying out the sensing process.

	SL DRX Alignment
	Largely unaffected, since UEs just need to receive the assistance information message during the DRX ON duration.
	Direct impact, since the DRX durations need to be aligned with the partial sensing intervals for obtaining sensing results.
	Unaffected.

	Overhead
	Low to medium, especially by using an implicit triggering mechanism, where the resources are provided using the TRIV/FRIV format.
	Low to medium, if used in conjunction with DRX.
None, if used without DRX.
	None.



Table 1: Comparative analysis of assisted resource allocation with baseline power saving solutions.
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Location-based Power Saving
Rel-17 is targeted at VRUs, public safety UEs and commercial UEs that require power consumption to be minimized. These particular UEs are actively transmitting and receiving only when in a specific defined location. For example, pedestrian UEs are required to be active while close to roads and intersections and not when indoors. Similarly, public safety UEs need to be active only when at emergency locations and not otherwise.
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Figure 1: Depiction of active and inactive P-UEs based on their location – active outdoors, inactive indoors.
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In order to leverage this aspect, it is possible to restrict a power saving UE's activity based on its location. By defining pre-configured locations or regions, these UEs wake up and carry out transmissions only when they are within these regions. It is also possible to utilize the DRX feature to wake up in these regions and combine it with assisted resource allocation to maximize the power saving capabilities.
This solution works on top of any of the baseline or other solutions described. Enabling location-based activation and de-activation of sidelink operations for PS UEs would ensure a higher degree of power saving, while not having to sacrifice on any of the features of these solutions.
Proposal 8: Since power saving UEs are required to be active based on their location, we propose to enable these UEs to wake up and carry out transmissions only when they are in a pre-configured region.

Operational Sidelink Bandwidth Adaptation
A SL-BWP is configured with different SL transmission and reception resource pools. Typically, UEs have to monitor and carry out sensing on all configured receive resource pools within an active SL-BWP. One way to reduce power consumption is that the power saving UEs indicate their preferred transmit and/or receive resource pools based on their functionalities. This way, UEs are not required to sense the resource pools that are not configured, resulting in reduced power consumption. 
The agreement made in RAN1#103e [4] regarding the possibility to configure a resource pool for partial sensing only facilitates this, where the resource pools to be used by power saving UEs can be configured to span only a smaller bandwidth within the active SL-BWP. Since they are defined at a system level, other UEs are also aware of the resource pools being used by power saving UEs. This would enable other transmitter UEs to adapt their transmission bandwidth and use the configured resource pools for power saving UEs in order to ensure that these UEs can receive the data. 
Another method to reduce power consumption is to employ a similar adaptive sensing solution, and extend it to the frequency domain. Shortened sensing frequency regions that can be contiguous or discontiguous across the resource pool can be used by the UE to carry out sensing and extrapolate the remaining sensing information dependent on a sensing detection rate.
Proposal 9: Bandwidth adaptation of partial sensing only resource pools or shortened sensing frequency regions within resource pools should be supported for power saving UEs.

Conclusions
The following proposals have been made in this document:
Proposal 1: Due to the risk of collisions and unnecessary triggering of resource re-evaluation, we propose that UEs carrying out sensing are restricted in its usage of resource pools with random resource selection enabled.
Proposal 2: We propose that resource pools with random resource selection enabled are defined with PSFCH disabled.
Proposal 3: For UEs carrying out random resource selection and are not capable of PSFCH reception, we propose to restrict the maximum number of blind retransmissions to be carried out based on the priority of the transmission.
Proposal 4: We propose that the partial sensing occasions are aligned with the SL DRX active period in order to maximize the power saving gains. 
Proposal 5: In the case of Mode 2, we propose that the RX UE aligns its partial sensing occasions according to the received SL DRX configurations, either from the TX UE in the case of unicast, or from pre-configuration in the case of groupcast or broadcast transmissions.
Proposal 6: In the case of inadequate sensing results, we propose that the UE uses assistance information messages in order to obtain the required sensing information for carrying out reliable resource selection.
Proposal 7: We propose to utilize assistance information from assistance entities, providing a set of resources that power saving UEs can use for increased reliability in their resource selection procedure.
Proposal 8: Since power saving UEs are required to be active based on their location, we propose to enable these UEs to wake up and carry out transmissions only when they are in a pre-configured region.
Proposal 9: Bandwidth adaptation of partial sensing only resource pools or shortened sensing frequency regions within resource pools should be supported for power saving UEs.
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