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1 Introduction
At RAN1#94 bis [5] a number of agreements related to resource selection were made:

Agreements:

· At least resource pool is supported for NR sidelink

· Resource pool is a set of time and frequency resources that can be used for sidelink transmission and/or reception.
· FFS whether a resource pool consists of contiguous resources in time and/or frequency.
· A resource pool is inside the RF bandwidth of the UE.
· FFS how gNB and other UEs know the RF bandwidth of the UE
· UE assumes a single numerology in using a resource pool.
· Multiple resource pools can be configured to a single UE in a given carrier.
· FFS how to use multiple resource pools when (pre-)configured.
In this contribution, we discuss resource pool configuration for NR V2X and the possible benefits of configuring multiple pools at the UE.
2 Resource Pool Configuration in NR V2X
2.1 Resource Association with QoS
In LTE D2D, one or more PPPPs were associated with resource pools.  This allowed the network to configure resources dedicated for high priority transmissions.  With the introduction of sensing in V2X,  priority based pool configuration was no longer necessary because resource selection by the UE took priority information in the SCI into account.  A single pool for all prioriries, which avoids resource fragmentation, was therefore decided for LTE V2X.
NR V2X latency requirements are more stringent than LTE V2X, and may result in the need to revisit this decision.  Specifically, NR will need to support a minimum latency of 3ms for some use cases, while other use cases will still maintain the 100ms latency budget that was also required of LTE.  
The problem of short latency was discussed as part of T2 reduction work in LTE V2X Rel15.  Specifically, UEs with lower latency requirements would have a smaller selection time interval, leading to fewer available resources and increased collision probability.  While no solution was agreed in Rel15 due to lack of time, having a resource selection scheme which avoids such an issue in NR would be necessary given the smaller minimum latencies compared to LTE V2X and higher reliability requirements.
In addition, NR V2X has new requirements, such as data rate and minimum communication range, and support for these new requirements may motivate the need for separate pools. Specifically, introducation of very high reliability requirements may make the sharing of resources by UEs with different reliability requirements (based on sensing) unfeasible.
Observation 1:
Use of a common TX resource pool for all V2X traffic may make it difficult to meet the varying QoS requirements for NR.

RAN1 has agreed to support configuration of multiple resource pools to the UE, and each resources pool can be configured with a single numerology. In order to support different services with different QoS requirements, the network can configure multiple transmission pools  that are associated with different QoS requirements.  For example, different resource pools with different granularity can be used to address latency requirements.  Although these details require further discussion in RAN1, allowing the network to configure different pools to the UE for different types of services can also be beneficial to manage resources better between services requiring higher data rates versus lower data rates.   
Proposal 1:
A UE can be configured with different transmission resource pools associated with different QoS requirements.  Details can be further studied in the WI phase. 

As with LTE D2D, high priority (or low latency) UEs in NR could be configured to use the resources of multiple pools.  If the resource pool associated with high priority transmission is congested, a UE could use the resources in the other pool (shared with lower priority/latency UEs).  However, in periods of congestion, the high priority UE should have priority within the pool associated with the lower-priority UE.  In the presence of multiple pools associated with different QoS requirements, RAN2 should study pool selection mechanisms that ensure that QoS mechanisms are met, even during periods of congestion.  This aspect was not considered in LTE D2D due to the lower transmission rates and UE density assumed in D2D.  Techniques such as pre-emption of lower priority UEs during the congestion situlation may be required.  On the other hand, a low priority UE could also detect congestion on a higher priority pool and abstain from transmission to its own pool in such situation.  These and other options should be studied further by RAN2. 
Proposal 2:
Pool selection mechanisms in NR should ensure that QoS requirements are met in cases of congestion.
2.2 Zone Configuration for Resource Pools
In LTE, geographical zones were configured based on GPS coordinates and the UE would select one of a set of resource pools configured by the network based on its zone.  Zone-based resource selection was introduced in LTE to reduce the probability of collision during resource selection.  The number of UEs using a common resource pool would be limited only to the UEs located in the same geographical zone.  Given that RAN1 has agreed to support mode 2a based on SCI detection, we think the same motivation for zone-based resource pool configuration will exist also in NR.

Proposal 3:
Zone-Based Resource Pool Configuration is supported for NR UEs in Mode 2.
Two significant limitations in the zone-based resource pool configuration may however need to be addressed in NR due to the more strict QoS requirements compared to LTE.  
Firstly, LTE uses semi-statically configured zone sizes.  This assumes equal density of vehicles everywhere, which is not realistic.  For example, if the zones are configured based on best-case density, some areas will experience high probability of collision. Instead, zones should be configured so that they are smaller in areas where vehicle density (and consequently resource pool congestion) is highest.  To address this, (pre)configuration of non-uniform resource pools should be possible, and CBR could be used to determine how large/small the zones need to be in an area.
A second limitation is that the zone concept does not scale well in the context of a moving UE.  A UE which changes zones needs to perform resource reselection at each zone change.  Zone configuration which takes into account a UE’s motion and avoids frequent pool changes at the UE would be preferable for NR where reliability and latency requirements can be much higher.
We therefore think that the zone configuration concept should be revisited in NR to consider these aspects. The specific solution could be further discussed in the work item phase.

Proposal 4:
Enhancements to the zone configuration to adapt to variation in vehicle density and motion are required.  Specific solutions will be agreed in the work item phase.
2.3 Exceptional Resource Pools
In LTE, exceptional resource pools were used to avoid interruption in sidelink transmission during certain exceptional cases.  The exceptional cases handled in the context of LTE were:

· Upon detection of physical layer problems (e.g. T310 and T311 are running) while configured in Mode 1: UEs experiencing radio link problems can use the configured exceptional pool to continue communication until  the problems are resolved.
· During a HO: Exceptional resource pools of the target UE can be used until handover completion if the UE is configured to use NW scheduled resources in the handover command

· During re-establishment procedure: If the cell on which a UE initiates re-establishment configures the exceptional resource pools, the UE can use them duing the re-establishment procedure

· If sensing results are not available: For the cases where the UE does not have sensing results for its transmit pool (e.g. the TX pool was changed due to reconfiguration or zone change), the UE could use the exceptional TX pools.
For NR, these situations will still exist and the need for exceptional resource pools still apply and may be even more critical for high reliability and low latency applications.  Additional conditions for use of the exceptional resource pool (specifically for the last scenario) may depend on further resource allocation discussion by RAN1.  Despite this, there will likely be scenarios where the UE will not have sensing results for usage of mode 2a (e.g. NW configures the resource pools during operation) in which case this condition is applicable for NR.  Since exceptional cases should occur quite rarely, the use of random selection in the exceptional resource pools (as was assumed in LTE) should not result in problems meeting the more stringent QoS requirements in NR.  In addition, enhancements to the UE behaviour during HO will be further discussed during the work item phase.
 Proposal 5:
As in LTE, a UE can use exceptional resource pools in the following scenarios:
· Upon detection of physical layer problems while configured in Mode 1 only
· During HO 

· During re-establishment procedure

· When sensing results are not available at a UE for use in Mode 2a
A text proposal for addressing resource pool aspects is further provided in the Annex.
Proposal 6:
Agree to include the TP in Annex into TR 38.885.
3 Conclusion

In this contribution the following observations were made on resource pools in NR V2X
Observation 1:
Use of a common TX resource pool for all V2X traffic may make it difficult to meet the varying QoS requirements for NR.

Based on these observations, the following conclusions were made:

Proposal 1:
A UE can be configured with different transmission resource pools associated with different QoS requirements.  Details can be further studied in the WI phase. 

Proposal 2:
Pool selection mechanisms in NR should ensure that QoS requirements are met in cases of congestion.
Proposal 3:
Zone-Based Resource Pool Configuration is supported for NR UEs in Mode 2.
Proposal 4:
Enhancements to the zone configuration to adapt to variation in vehicle density and motion are required.  Specific solutions will be agreed in the work item phase.
Proposal 5:
As in LTE, a UE can use exceptional resource pools in the following scenarios:

· Upon detection of physical layer problems while configured in Mode 1 only

· During HO 

· During re-establishment procedure

· When sensing results are not available at a UE for use in Mode 2a

Proposal 6:
Agree to include the TP in Annex into TR 38.885.
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5 Annex – TP to 38.885 
x.x.x.x
Resource Pool (Pre)Configuration

A UE can be (pre)configured with one or more transmission pools to be used for transmission of data with specific QoS requirements.  When a UE performs mode 2 transmission for data associated with a specific QoS, it performs resource selection from resource pool(s) configured for the associated QoS.

Zone-based resource pool configuration is supported in NR.  A UE may be configured with a set of transmission resource pools and selects the appropriate pool based on its current zone.  Zones are defined based on a UE’s geographical coordinates and the zone size/shape is determined based on a UE’s motion, UE density, and resource pool congestion.

When operating in network coverage, a UE can be configured with an exceptional resource pool.  The UE uses the exceptional resource pool in the following scenarios:

· Upon detection of physical layer problems while configured with Mode 1 operation only

· During HO procedure

· During re-establishment procedure

· When sensing results are not available at a UE for use in mode 2a
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