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Introduction 
The topic of resource allocation enhancements has not yet been treated in RAN2 during the Rel 17 Sidelink Enhancements WI discussion. The main motivation for NR sidelink enhancements in Release 17 is to perform sidelink operations in a power efficient manner while also developing solutions that can enhance reliability and reduce latency. 
Power saving has captured significant interest to enable UEs with limited battery reserves to perform sidelink communication. The objective in the WID is to specify resource allocation to reduce power consumption of the UEs and also to introduce enhancements for improved reliability in consideration of both PRR and PIR. Rel 17 V2X shall support Vehicle-to-Pedestrian (V2P), Vulnerable Road Users (VRUs), and other use-cases (public safety and commercial) where there is a need to minimize power consumption, which necessitates the development of power saving mechanisms and solutions. It is also expected that solutions be devised for Rel 17 that can overcome the limitation of Rel-16 in achieving high reliability and low latency in certain communication conditions such as when the wireless channel is relatively busy and has high offered load. Mode-2 enhancements such as the use of inter-UE coordination can allow the support of URLLC-type sidelink use-cases in wider operation scenarios.
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 study possible interaction of resource allocation with sidelink DRX operation and discuss congestion control based on Channel Busy Ratio (CBR) and Channel occupancy Ratio (CR) for resource allocation schemes in NR Rel 17. We also consider the current status in RAN WGs for the support of inter-UE coordination, and put forth the aspects which require further study in RAN2. 
Random Resource Selection and Partial Sensing
Discussion
It has been agreed in RAN1 to adopt partial sensing and random resource selection as power saving resource allocation schemes, and some applicability conditions have been under discussion since. Still many details which can help ascertain required enhancements are FFS. Relevant agreements from the last two meetings RAN1 #104e and RAN1 #104bis-e are captured below [10][11].
	RAN1 # 104e
Agreements:
· Random resource selection is applicable to both periodic and aperiodic transmissions
· FFS conditions for random resource selection

Agreements:
In a resource pool (pre-)configured with at least partial sensing, if UE performs periodic-based partial sensing, at least when the reservation for another TB (when carried in SCI) is enabled for the resource pool and resource selection/reselection is triggered at slot n, it is up to UE implementation to determine a set of Y candidate slots within a resource selection window, where
· FFS condition(s) and timing(s) for which periodic-based partial sensing is performed by UE
· The resource selection window is [n+T1, n+T2]
· As a baseline, T1 and T2 are defined in the same way as in R16 NR-V2X according to step 1 [TS 38.214 Sec. 8.1.4]
· Further discuss whether or not to introduce a threshold to re-define T1 and T2 such that 
· T1 ≥ 0 (subject to processing time constraint Tproc, 1), and T2 ≤ remaining PDB
· T2-T1 ≤ (pre-)configured threshold
· A minimum value for Y is (pre-)configured from a range of values, FFS details
· FFS any restriction to determine Y candidate slots (including its relationship with SL-DRX)
· FFS whether the resource selection window [n+T1, n+T2] should be confined within a set of periodic set of resources and its relationship with SL-DRX
· Note: The terminology “periodic-based partial sensing” is based on the “partial sensing” used in LTE-V and it is intended to be used for the design and discussion of partial sensing in Rel-17.

RAN1 # 104bis-e
Agreements:
· In periodic-based partial sensing,
1. For the k value, down-selection to one of the following in RAN1#105-e (further refinement of each of the alternatives is possible)
· Alt 1: Option 1 as in RAN1#104-e
· Alt 2: A modified Option 5 as in RAN1#104-e, where the modification is such that it also includes option 1
· FFS how to (pre-)configure (e.g. including bitmap), whether a maximum number of k values is needed, and whether it can be up to UE implementation to select a k value based on the (pre-)configuration
· FFS details, e.g., sensing before the resource (re)selection trigger or the first slot of the set of Y candidate slots subject to processing time restriction, etc.
· Note: companies are encouraged to provide more evaluations 

Agreement:
· When periodic-based partial sensing is potentially performed by UE in a mode 2 Tx resource pool provided by higher layer, at least all of the followings are met:
· Periodic reservation for another TB (sl-MultiReserveResource) is enabled for the resource pool
· The resource pool is (pre-)configured to enable partial sensing
· Partial sensing configured by higher layer in the UE



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. In RAN1 104e, it was agreed that random resource selection is applicable to both aperiodic and periodic transmissions.
Observation 2: Random resource selection is the only option that can be used by UEs that do not support sidelink reception.
Observation 3: Random resource selection is applicable to both periodic and aperiodic transmissions, however, conditions for random selection are FFS in RAN1.
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 by adding random selection configuration within the SL-ResourcePool information element. 
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 SL resource pool configuration.
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 can perform a trade-off between transmission reliability and 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. It has been agreed in RAN1 that partial sensing is configured by higher layers in the UE [10]. 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: Similar to LTE V2X sidelink, 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 within the SL resource pool. 


Figure 1: Partial Sensing Operation for Periodic Transmissions
It is worth noting that partial sensing in LTE V2X sidelink has been primarily designed for periodic traffic with fixed set of sensing/no-sensing sub-intervals. In Release-17, the terminology of “periodic-based partial sensing” has been used which is based on the “partial sensing” used in LTE-V2X. This is because unlike LTE-V2X, advanced V2X and public safety use-cases supported in NR-sidelink commonly rely on aperiodic sidelink communication. Only periodic-based partial sensing has been considered in RAN-1 for Rel 17 thus far, however, if in future aperiodic-based partial sensing is also considered for this release, it may require evaluation in RAN2 to identify possible specification impact.
Proposal 3: Periodic-based partial sensing in Rel-17 is based on LTE-V2X partial sensing. If aperiodic-based partial sensing is considered for NR sidelink, possible specification impact in RAN2 needs to be evaluated accordingly.
Different from the legacy broadcast communication for LTE-V2X sidelink, NR sidelink supports additional cast types of unicast and groupcast communication. Some procedural enhancements to the baseline Rel 14 LTE V2X sidelink partial sensing operation may be adopted in NR sidelink, e.g HARQ feedback mechanism may be utilized for groupcast communication to adapt the partial sensing window according to the resource utilization, such that under high utilization, the sensing window may be lengthened to increase the probability of successful retransmission in the case of receiving HARQ NACK after initial transmission with short sensing window as discussed in [5]
Observation 4: Procedural enhancements to the baseline Rel 14 LTE V2X sidelink partial sensing operation may be added based on NR sidelink features for unicast and groupcast communication.
Congestion Control based on CBR and CR
For NR Sidelinksimilar to LTE sidelink design, a physical measurement of the Channel Busy Ratio (CBR) is defined in each subframe which measures the portion of the resources in a resource pool with high received signal energy (S-RSSI) in the last 100 subframes. Accordingly, the Channel Occupancy Ratio (CR) measurement counts the number of subchannels used by the UE to transmit data in, during a window of 1000 ms including the current subframe. 
To control channel utilization and allow congestion control, based on the Channel Busy Ratio (CBR) and Channel Occupancy Ratio (CR), the network can indicate how the UE adapts its transmission parameters for each transmission pool. A UE chooses its transmission parameters from within the range corresponding to the prevailing CBR and associated CR limit. A UE may perform CBR measurement of all configured transmission pools including exceptional pool, for both the PSSCH and PSCCH resources. In Rel-16 NR Sidelink, CBR measurement reporting mechanism of LTE V2X sidelink communication is re-used.
In Rel-14 LTE V2X sidelink, in the interest of power saving, pedestrian UEs do not perform CBR measurement. In such cases, P-UEs using power saving resource allocation schemes such as random selection and partial sensing adjust their transmission parameters based on the default transmission parameter configurations which can be provided by the network via RRC signaling. For Rel-17, however, it was agreed in RAN1 # 103e, as captured below, that further study is required on congestion control based on CBR for power saving resource allocation schemes [6].
	Agreements:
· Further study congestion control based on CBR and CR for power saving RA schemes
· Identify necessary changes from R16 CBR/CR (if any), including transmission resource selection and transmission parameters that can be adjusted and applicable to power savings RA schemes
· Note: this is not intended to require all UEs to perform sensing for the purpose of CBR measurement



Since the support of random resource selection and partial sensing can cause congestion and interference, congestion control based on CBR may be further explored. For Rel-16 NR sidelink, cbr-ReportSidelink indicates whether UE can report CBR measurement to gNB and can adjust its radio parameters based on CBR measurement and CRlimit [2][7]. The IE cbr-CR-TimeLimitSidelink indicates the time within which UE can process CBR and CR. However, based on RAN1 agreement, it needs to be identified what necessary changes may be required from Rel-16 CBR/CR (if any) before adapting it to the power saving resource allocation schemes (which was not provisioned in Rel-14 LTE V2X sidelink). RAN2 needs to discuss, what changes may be required to the current congestionControlSidelink-r16 IE which indicates whether UE supports sidelink congestion control for NR sidelink. However, RAN2 impact can be analysed better once more progress has been made in RAN1.
Observation 5: Different from Rel-14 LTE, RAN1 is discussing whether/how to apply CBR/CR to power saving RA schemes. However, it is still FFS how transmission and transmission parameters can be adjusted. 
Proposal 6: RAN2 to wait for further progress in RAN1 regarding congestion control based on CBR before considering RAN2 impact and required support. 
Inter-UE Coordination
RAN1 Status
For inter-UE coordination, support for two schemes has been agreed upon in RAN1 [10]. Details including the conditions for applicability for each scheme are still FFS. ​Based on the discussion in RAN1, the two schemes are not exclusively activated, and can be enabled concurrently as well.
· Scheme 1: UE-A sends to UE-B a set of preferred/non-preferred resources for UE-B's transmission. It is yet to be decided whether resource (re-)selection is based on both UE-B's sensing result and/or received coordination information​
· Scheme 2: UE-A sends to UE-B the presence of expected/potential and/or detected resource conflict on the resources indicated by UE-B's SCI. It is yet to be decided the behavior of UE-B pre/post collision. ​
RAN2 aspects
It may be required to wait for further progress in RAN1 before conducting detailed and conclusive discussion in RAN2. However, some key areas of consideration can be identified which require further study for inter-UE coordination in RAN WGs.
1. Identification of Coordinating UEs
Based on the latest agreement in RAN1, “Study further to determine the conditions for UEs to be UE-A(s)/UE-B(s) for inter-UE coordination”, it needs to be determined how two UEs are selected/configured for inter-UE coordination [10]. Based on further discussion in RAN1 and the criteria which will eventually be identified in RAN1 regarding the identification of coordinating UEs, the authorization and capability information which may be required to support such identification needs to be discussed in RAN2. It has also been discussed by some companies whether the coordinating or assisting UE-A is actively participating in communication with UE-B, or whether it is a third-party UE, which has unicast links established with the transmitting UEs, with the sole purpose of providing inter-UE coordination information to UE-B without any involvement in the data communication [8].

1. Triggering Condition for Inter-UE coordination
The inter-UE coordination signalling can be triggered in a number of ways. 
· It can be a periodic update where the granularity for the signalling could be pre-configured at UE-A (assisting UE).  
· It can be requested by UE-B from UE-A, to forward the set of resources which may be preferred for UE-B’s transmission
· It can be triggered based on a condition or locally available information which may prompt UE-A to send coordination signalling to UE-B.
The triggering condition requires further study in RAN1 and RAN2. A common requirement, however, for all three types of triggers is that the usefulness for inter-UE coordination would depend on how current the coordination information is, that is, it is imperative for inter-UE coordination information to be delivered with low latency and reliably, such that the set of resources forwarded by UE-A to UE-B are not outdated/stale. 
1. Signalling aspects and message format
As mentioned in 2) above, it is imperative that the inter-UE coordination information is transmitted reliably and also with reduced latency in order to avail its benefits. To this end, it needs to be discussed in RAN WGs, how this information is signalled, and also the format for the message or container used to carry this information. This signalling could be at the physical layer or higher layers, where the size of the coordination information may be a basic determinant regarding the choice of signalling and message formats. Short coordination messages with small size could utilize SCI signalling format and communicated through L1 signalling. In other cases, PC-5 RRC signalling or MAC CE may be supported. It has also been proposed to discuss a new SL MAC CE which could be assigned a higher priority than normal SL data to signal the inter-UE coordination information [9]. 

1. Supported Cast Types
It needs further discussion in RAN1 to conclude which cast types, unicast, groupcast or broadcast, will be supported for inter-UE coordination. Note that in the case if PC5-RRC signalling is used for transmitting inter-UE coordination information as discussed in 3) above, it may inherently be implied that inter-UE coordination is supported over the unicast link. Whether all three, or a subset of the cast types is supported, it needs to be also discussed whether a common signalling method needs to be adopted for all cast types, or different signalling aspects need to be considered for the different cast types.
Based on the key areas identified above, the following proposal can be made.
Proposal 7: For inter-UE coordination, several key aspects require further discussion in RAN WGs, including but not limited to
· identification of coordinating UEs
· triggering condition for inter-UE coordination
· signalling aspects and message format
· supported cast types
[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.
Observation 3: Random resource selection is applicable to both periodic and aperiodic transmissions, however, conditions for random selection are FFS in RAN1.
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 SL resource pool configuration.
Proposal 2: Similar to LTE V2X sidelink, 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 within the SL resource pool. 
Proposal 3: Periodic-based partial sensing in Rel-17 is based on LTE-V2X partial sensing. If aperiodic-based partial sensing is considered for NR sidelink, possible specification impact in RAN2 needs to be evaluated accordingly.
Observation 4: Procedural enhancements to the baseline Rel 14 LTE V2X sidelink partial sensing operation may be added based on NR sidelink features for unicast and groupcast communication.
Observation 5: Different from Rel-14 LTE, RAN1 is under discussion to apply CBR/CR to power saving RA schemes. However, it is still FFS how transmission and transmission parameters can be adjusted. 
Proposal 6: RAN2 to wait for further progress in RAN1 regarding congestion control based on CBR before considering RAN2 impact and required support. 
Proposal 7: For inter-UE coordination, several key aspects require further discussion in RAN WGs, including but not limited to
· identification of coordinating UEs
· triggering condition for inter-UE coordination
· signalling aspects and message format
· supported cast types
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