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Introduction 
[bookmark: _GoBack]Among the work areas identified for NR sidelink enhancements in Rel-17, power saving has captured significant interest to enable UEs with limited battery reserves to perform sidelink communication. Previously, Release 16 sidelink has mostly focused on UEs installed in vehicles with ample battery capacity, whereby such UEs have been assumed to be “always-on” when operating in sidelink. However, for Rel 17 V2X, support for Vehicle-to-Pedestrian (V2P), Vulnerable Road Users (VRUs), and for use-cases (public safety and commercial) where there is a need to minimize power consumption has been added, thereby necessitating the development of power saving mechanisms and solutions. The WID on NR Sidelink Enhancements for Release 17 [1] includes resource allocation enhancements, Discontinuous Reception (DRX) and location based resource allocation.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.
3. Sidelink DRX for broadcast, groupcast, and unicast [RAN2]
· Define on- and off-durations in sidelink and specify the corresponding UE procedure
· Specify mechanism aiming to align sidelink DRX wake-up time among the UEs communicating with each other
· Specify mechanism aiming to align sidelink DRX wake-up time with Uu DRX wake-up time in an in-coverage UE
5. Define mechanism to ensure sidelink operation can be confined to a predetermined geographic area(s) for a given frequency range within non-ITS bands [RAN2].
· This applies areas where there is no network coverage.

This contribution discusses the concepts of partial sensing and random resource selection as potential means for power saving sidelink enhancements in NR Rel 17. We also study possible interaction of resource allocation with sidelink DRX operation and the support of geographical zone based sidelink operation.
Discussion
[bookmark: _Hlk53783653]Random Resource Selection and Partial Sensing
PSCCH and PSSCH resources are defined within resource pools for the respective channels. This notion of resource pools (while applicable for both mode 1 and mode 2), is particularly relevant in resource allocation mode 2, where a UE autonomously makes resource selections from the resource pool based on sensing. The sensing procedure as defined in Rel 16 NR sidelink is not particularly power efficient, in which case random resource selection, where a UE randomly selects resources from the resource pool without performing sensing can provide significant power savings. 
Observation 1: Random resource selection can increase power efficiency.
For use-cases where the UE does not support sidelink reception, it may select transmission resources randomly, without performing the sensing operations. In such scenarios, random resource selection is the only option to support sidelink transmissions.
Observation 2: Random resource selection is the only option that can be used by UEs that do not support sidelink reception.
While random resource selection can be power efficient, it comes at the expense of decreased reliability due to increased congestion and interference. Currently, for Rel 16 NR sidelink, the UE is only temporarily allowed to perform random resource selection for sidelink transmission in mode 2 based on the configuration of the exceptional transmission resource pool indicated by sl-TxPoolExceptional [2]. However, since NR sidelink communication is purposed to support a variety of use-cases, ranging from best-effort communication to mission-critical and public safety services, it is imperative to inculcate flexibility in the random resource selection mechanism, such that it may be enabled or disabled per resource pool, per BWP, according to the different sidelink transmission priority levels or per different power saving requirements/states. For Rel 14 LTE V2X this was done by including a parameter randomSelection in resourceSelectionConfigP2X in the SL-CommResourcePool [3]. Similar signalling for NR sidelink operation could be included adding random selection configuration within the SL-ResourcePool information element. However, if a pool for random selection is not provided by the gNB, for a UE which only supports random selection mechanism, it will not be able to perform sidelink transmission in this case.
Proposal 1: NR should support flexible design such that specific resource pools can be configured for random resource selection, e.g. by including random selection (optional) configuration in the SL-ResourcePool information element.
Observation 3: If random selection is supported by a UE but no random selection pool is provided by the gNB, the UE may not perform sidelink transmission.
For transmission over NR sidelink, a UE performs sensing continuously over a configurable sensing window implying continuous power consumption for the ongoing sensing procedure. In Rel 14 LTE V2X sidelink, a pedestrian UE (P-UE) with presumably limited battery supply could be (pre-) configured to perform partial sensing where only a subset of the subframes in the typical sensing window are required to be monitored as shown in Figure 1 [4]. It is up to UE implementation to choose the number of subframes to monitor, as long as this number is larger than the (pre-)configured minimum number required to be monitored. In doing so, the UE trades off transmission reliability for power savings. Using Rel 14 LTE V2X sidelink as baseline, similar slot-based partial sensing principle can be adopted in Rel 17 NR sidelink as a power saving technique as opposed to the contiguous sensing of Rel 16 NR sidelink. Similar to random selection, partial sensing can also be configured in the SL-ResourcePool information element in NR sidelink. A resource selection configuration from the network can indicate the allowed resource selection mechanism(s), i.e. partial sensing and/or random selection for each transmission pool. If both partial sensing and random selection are configured, it may be left upto UE implementation to select a specific resource selection mechanism. 
Proposal 2: For mode 2 operation, slot-based partial sensing in lieu of contiguous sensing of Rel 16 NR sidelink can be configured for SL resource pools by including partial sensing configuration in the SL-ResourcePool information element. 


Figure 1: Partial Sensing Operation
A key consideration, however, is that partial sensing in LTE V2X sidelink has been primarily designed for periodic traffic with fixed set of sensing/no-sensing sub-intervals. On the other hand, for NR sidelink, advanced V2X and public safety use-cases commonly rely on aperiodic sidelink communication. Another difference is the addition of cast types, unicast, groupcast and broadcast in NR sidelink as opposed to the legacy broadcast communication for LTE V2X sidelink. Some procedural enhancements to the baseline Rel 14 LTE V2X sidelink partial sensing operation may be needed to adopt it to NR sidelink. Such enhancements are under discussion in RAN1, for example adaptive partial sensing windows for aperiodic NR sidelink traffic is proposed in RAN1 etc [5].
Proposal 3: Potential enhancements for NR specific use cases for partial sensing are under discussion in RAN1 and may be left FFS for RAN2 depending on RAN1 progress.
Sidelink DRX
The concept of discontinuous reception (DRX) is a technique used in Uu communication since LTE whereby a UE periodically shuts down its receiver radio to conserve power. In NR Uu, the UE monitors the PDCCH over “on” durations configured by the network. A similar concept may be adopted in sidelink, where a sidelink UE discontinuously monitors PSCCH as a power saving mechanism. This concept is discussed in detail in our companion papers [6][7]. A sidelink UE (UE1) reserves resources for transmission by monitoring the resource pool within a running sensing window. This is applicable to the legacy sensing operation supported in Rel 16 NR sidelink, or the LTE V2X based partial sensing mechanism discussed in Section 2.1. A UE (UE1) is only ready for transmission after it has obtained the results from its sensing operation. If the receiving UE (UE2) at the other end is configured with sidelink DRX, it can only receive the incoming sidelink traffic during the active time of its DRX cycle. This would imply that some potential interaction between sidelink DRX and resource allocation can be expected whereby it may fail to receive signaling from UE1. To this end, UE1, when ready to transmit, may need some signaling (e.g. wake up signal (WUS)) to UE2 to ensure that UE2 is ACTIVE to receive the data over NR sidelink from UE1. Alternatively, some mechanism for alignment between the DRX cycles for UE1 and UE2 might need to be defined. However, since the details of sidelink DRX operation is still under discussion in RAN2, it is reasonable to gain more insight into SL DRX before considering its possible interaction with resource allocation mechanisms.
Proposal 4: RAN2 to wait for progress on SL-DRX design before considering interaction of SL-DRX with resource selection/reservation procedure in sidelink.
Location-based Resource Selection
Similar to Uu, LTE-V2X sidelink supports spatial reuse of resources which reduces in-band emissions and co-channel interference. Nearby zones are assigned different resource pools, with spatially-periodic re-use over a distance controlled by the zone width and height [8]. With such geo-partitioning, a transmitting UE is constrained to use the resource pool corresponding to its geo-coordinates for mode 2 resource allocation, as shown in Figure 2.


Figure 2: Example showing zone-based resource allocation as a vehicle is moving across a geographic area
For Rel 17 NR sidelink, the use of GPS based location information and zone-based configuration of resource pools, as in LTE V2X and NR sidelink, can allow the UE to determine whether it is allowed to use a given SL frequency/resource pool when at a certain location. Such zone-based resource selection can be optional, reported as part of the UE capability signaling, and can be available for both ITS and non-ITS bands. These geographical zones can be configured by the gNB or pre-configured. For in-coverage UEs, the gNB can provide the mapping between zone(s) and sidelink transmission resource pools in RRC signaling whereas for out-of-coverage UEs this mapping can be pre-configured. For an RRC_CONNECTED UE, which has SL-ZoneConfig configured, gNB can further configure the UE to report the complete geographical location information based on periodic reporting via the existing measurement report signaling for efficient sidelink resource allocation.
Proposal 5: In order to ensure that sidelink operation can be confined to a predetermined geographic area(s) for a given frequency range, it is proposed to support geo-based partitioning for resource pools for autonomous resource selection (mode 2) to enable spatial reuse in a scalable fashion (similar to Rel 14 LTE V2X SL).
[bookmark: Proposal_Pattern_Length]Conclusions
In this contribution we discuss resource allocation enhancements in Rel 17 NR sidelink and make the following observations and proposals
Observation 1: Random resource selection can increase power efficiency.
Observation 2: Random resource selection is the only option that can be used by UEs that do not support sidelink reception.
Proposal 1: NR should support flexible design options when random resource selection can be enabled or disabled by including random selection (optional) configuration in the SL-ResourcePool information element.
Observation 3: If random selection is supported by a UE but no random selection pool is provided by the gNB, the UE may not perform sidelink transmission.
Proposal 2: Slot-based partial sensing in lieu of contiguous sensing of Rel 16 NR sidelink can be configured in the SL-ResourcePool information element in NR sidelink. 
Proposal 3: Potential enhancements for NR specific use cases for partial sensing are under discussion in RAN1 and may be left FFS for RAN2 depending on RAN1 progress.
Proposal 4: RAN2 to wait for progress on SL-DRX operation before considering interaction of SL-DRX with resource selection/reservation procedure in sidelink.
Proposal 5: It is proposed to support geo-based resource allocation for autonomous resource selection (mode 2) to enable spatial reuse in a scalable fashion (similar to Rel 14 LTE V2X SL)
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