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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 agreements and working assumptions were made in the previous meeting [2]:
	Agreement
When UE is configured to perform partial sensing by a UE higher layer (including when SL DRX is configured), SL RSSI is measured in slots where the UE performs partial sensing and PSCCH/PSSCH reception over the SL CBR measurement window defined in Rel-16. The calculation of SL CBR is limited within the slots for which the SL RSSI is measured.
· If the number of SL RSSI measurement slots is below a (pre-)configured threshold, a (pre-)configured SL CBR value is used.
Agreement
When UE is triggered to perform re-evaluation and pre-emption checking for aperiodic transmission (Prsvp_TX=0) in slot n,
· The candidate resource set (SA) is initialized to the remaining Y’ candidate slots that starts from slot  and ends at the last slot of the Y’ candidate slots.
·  is the first candidate slot after slot n+T3.
· UE may perform PBPS for periodic sensing occasions after the resource (re)selection when sl-MultiReserveResource is enabled for the mode 2 Tx resource pool
· It is up to UE implementation
· UE performs CPS starting from at least M consecutive logical slots earlier than  to  slots earlier than . 
· FFS: When the minimum M slots for CPS cannot be guaranteed,
· All available sensing results not earlier than n–T0 for the resource pool indicated by higher layer are applied for re-evaluation and pre-emption checking procedures
Agreement
When UE performs at least contiguous partial sensing in a mode 2 Tx pool for a resource (re)selection procedure and re-evaluation/pre-emption checking triggered by aperiodic transmission (Prsvp_TX=0) in slot n,
· For minimum size M of the CPS monitoring window [n+TA, n+TB]:
· By default, M is 31 unless (pre-)configured with another value
· The range of (pre-)configured M is from 0 (working assumption) to 30
Agreement
When UE performs only contiguous partial sensing (CPS) in a mode 2 Tx pool with periodic reservation for another TB (sl-MultiReserveResource) disabled, and a resource (re)selection is triggered in slot n,
· T1 is defined based on step 1) of Rel-16 TS 38.214 Sec. 8.1.4.
· No update to specification is necessary due to this agreement
· Note: The selected Y’ slots do not overlap with the sensing window
Agreement
Whether UE performs SL reception of PSCCH and RSRP measurement for partial sensing on slots in SL DRX inactive time is enabled/disabled by (pre-)configuration per resource pool when partial sensing is configured in the UE by a higher layer.
· When it is enabled,
· When UE performs periodic-based partial sensing for a given Preserve, UE monitors only the default periodic sensing occasion.
· When UE performs contiguous partial sensing, UE monitors a minimum of M slots for CPS.
· Note, when it is disabled, the UE is not required to perform SL reception of PSCCH and RSRP measurement in SL DRX inactive time.
· Note: no further optimization on the resource (re)selection procedure with regard to SL DRX operation is specified in Rel.17.
FFS the case when full sensing is configured in the UE by a higher layer


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.
Contiguous Partial Sensing
In the previous meeting [2], there were discussions regarding the sensing and selection windows for contiguous partial sensing (CPS) for aperiodic transmissions and it was decided that M can be (pre-)configured in a range from 0 to 30.
Depending on the UE's need to save power and the amount of sensing information needed for successful transmissions, a trade-off can be made by the UE by identifying an ideal sensing detection rate. This can be defined as a percentage of time slots, where future resources are reserved by other UEs using SCIs that the UE is able to detect within a defined monitoring window size. For example, a higher detection rate would mean that the UE carries out sensing over the maximum configured duration of the sensing window, but at the expense of saving power, and vice versa. An example of this can be seen in Fig. 1. Multiple such detection rates can be configured, and selected in a per resource pool manner, so that the sensing window selected by a UE is known to other UEs using the resource pool.
[image: ]
Figure 1: Depiction of adaptable sensing window for contiguous partial sensing.
In order to understand the advantages of using such a scheme, we have modelled the TRIV formula and depicted the detection rate for different monitoring window sizes. It can be seen in Fig. 2, that by reducing the monitoring window size, the number of time slots that the UE can successfully identify as reserved based on received SCIs decrease. The blue dots indicate the time slots that the UE can successfully detect resource reservations, while the red dots indicate the instances that the UE cannot extrapolate. However, even with a window size of 25 time slots, UEs can achieve a detection rate as high as 96.6%, while a shorter window size of 15 time slots would permit the UE to achieve only a detection rate of 72.4%. This is primarily due to the design of the TRIV formula, which shows that the gain in the detection rate is much lesser as the window size is increased past half the window size, since it is at the edge of the “triangle” seen in the figures below. This would allow the UE to extrapolate resource reservations in future time slots without actually being required to monitor them.
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Figure 2: Modelling of different CPS monitoring window sizes.
Based on this analysis, the maximum size of the CPS monitoring window can be maintained to be 32 time slots based on Rel-16, however, the minimum size should be dependent at least on the priority of the transmission and the remaining PDB and should be adaptable based on these parameters and the intended detection rate. The value to M equals to 0 to indicate that CPS is disabled can be agreed on, however, we believe that very small values of M such as 1 to 4 cannot provide the UE with adequate sensing results.
Proposal 1: For contiguous partial sensing, we propose that the value of M for the CPS monitoring window should be 0 for disabling CPS, and in the range of 5 to 30 for the UE to generate adequate sensing results.
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 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 UEs that carry out random resource selection from using mixed resource pools with random resource selection enabled only for those transmissions that are above a pre-defined priority threshold. This can be implemented similar to how the priority threshold for pre-emption is defined in Rel-16. 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. 
UEs that carry out random resource selection for transmissions that are of low priority can use resource pools with only random resource selection enabled. This would avoid any resource collisions with other sensing UEs and the issues of triggering re-evaluation. 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, and hence can be used only by these Rel-17 power saving UEs.
In order to avoid the aforementioned issue, the partitioning of a resource pool based on a priority threshold can remove the need for defining a resource pool only for random resource selection, while at the same time maintaining a resource efficiency by restricting low-priority transmissions in a particular partition. 
Proposal 2: Due to the risk of collisions and unnecessary triggering of resource re-evaluation, we support that UEs carrying out random resource selection are permitted to use only a (pre-)configured partition of a mixed resource pool when transmitting a TB with a priority that is higher than a pre-defined threshold.
Proposal 3: We propose that UEs carrying out random resource selection and transmitting low priority transmissions should use a (pre-)configured partition of a resource pool that is configured to allow all transmissions.
Sidelink DRX – Alignment between Partial Sensing and SL DRX Durations
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. 
In this case, the selection 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 candidate resources need to align with the SL DRX durations for UEs to successfully receive the PSCCH. If these resources are to be allowed to be scheduled 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.
Regarding the discussion on the candidate resources being within the active time of the RX UE [3], we prefer to have at least a subset of these resources within the DRX ON duration, or what was referred to as the current active time. The future active time, which is essentially the duration of the inactivity timer after the DRX ON duration, is activated by the RX UE only on receiving an initial transmission. Hence for the initial transmission at least, the candidate resources need to be within the DRX ON duration for the RX UE to be able to receive the transmission.
Proposal 4: We propose that the candidate resources are aligned with the SL DRX ON duration in order to maximize the power saving gains.
Based on the discussions in RAN2 [4], 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 has to align its partial sensing intervals with the pre-configured DRX active durations by selecting the most relevant set of pre-configured DRX configurations. 
[bookmark: _Toc53746003][bookmark: _Toc53746084][bookmark: _Toc53746004][bookmark: _Toc53746085]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.
Conclusions
The following proposals have been made in this document:
Proposal 1: For contiguous partial sensing, we propose that the value of M for the CPS monitoring window should be 0 for disabling CPS, and in the range of 5 to 30 for the UE to generate adequate sensing results.
Proposal 2: Due to the risk of collisions and unnecessary triggering of resource re-evaluation, we support that UEs carrying out random resource selection are permitted to use only a (pre-)configured partition of a mixed resource pool when transmitting a TB with a priority that is higher than a pre-defined threshold.
Proposal 3: We propose that UEs carrying out random resource selection and transmitting low priority transmissions should use a (pre-)configured partition of a resource pool that is configured to allow all transmissions.
Proposal 4: We propose that the candidate resources are aligned with the SL DRX ON duration in order to maximize the power saving gains.
[bookmark: _Toc21362209][bookmark: _Toc21362372][bookmark: _Toc21362477][bookmark: _Toc21338841][bookmark: _Toc21338942][bookmark: _Toc21338854][bookmark: _Toc21338955]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.
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