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1 Introduction
At RAN #83, a new WI on V2X in NR was approved [1].  Such work is expected to proceed from the agreements made during the NR V2X SI phase.
As in LTE, NR V2X will support a UE autonomous scheduling mode (mode 2) where the UE selects resources from a (pre)configured pool of resources.  A number of agreements were made related to the acquisition of resource pools by the UE, and how such pools are configured given the different modes and/or services supported by NR V2X.  These relevant agreements are provided in the Annex.
In this contribution, we address pending aspects of resource pool acquision and configuration that were not finalized during the SI phase.

2 Resource Pools for Mode 2 Operation
2.1 Acquisition of the Resource Pool for Mode 2 Operation
During the study item phase, acquisition of the resource pool for mode 2 operation was assumed to be similar to LTE V2X.  Specifically, the network can provide mode 2 resource pools to a UE via broadcast SIB or via dedicated signalling, and it is assumed that these are respectively used for IDLE/INACTIVE and CONNECTED.  In addition, an IDLE/INACTIVE UE establishes an RRC connection if it is configured to transmit V2X on a frequency which is included in the V2X specific SIB, but for which the V2X specific SIB does not include the transmission resource pool. 
UE in IDLE/INACTIVE

For a UE in IDLE/INACTIVE, the UE obtains the resource pool for mode 2 operation from a V2X specific SIB.  In NR, SIBs can broadcast or be provided on-demand.  On-demand SI was introduced in NR to reduce the broadcast overhead of system information by providing the information once the service in the cell was required by a UE.  At a given time, the network decides whether a SIB is broadcast or provided on-demand and indicates this with a single bit associated with that SIB in the scheduling information in SIB1.  The UE performs an SI request  for a required SIB that the network is not broadcasting at the time.  This behaviour should be inherent for any SIB in NR, including NR V2X SIB.  Furthermore, given the potential size of the V2X SIB, the overhead of always transmitting such large SIBs would be quite large and it would be preferable to leave this choice (always broadcast or provide on demand) to the network as is the case with NR SIBs.       

Proposal 1:
NR V2X SI can be provided on-demand.  It is a network decision whether the NR V2X SI is broadcast at a given time.  

In LTE, a UE performing IDLE mode mobility needs to obtain the transmission resource pools of the reselected cell following reselection.  The UE uses random selection on the exceptional resource pools until the sensing results for this pool are available at the UE.  For NR, frequent use of random selection on the exceptional resource pool may be unacceptable for some services and the need for SI request may further degrade performance during reselection.  
This issue can be addressed using the concept of area ID in NR.  When a V2X UE performs IDLE/INACTIVE mode mobility, it can re-use the stored NR V2X SIB and avoid the need for an SI request and/or SI acquisition in the target cell. 

Observation 1:
Use of area specific SIBs in NR can reduce the latency associated with acquiring SIB in a different cell (regardless if the SIB is on-demand or broadcast).

Further enhancements to the area specific SIB mechanisms can be beneficial.  One limitation with the area specific SIB mechanism in NR is that the area is common to all area specific SIBs.  While this simplification was agreed in NR discussion, the V2X specific use case was never considered when this agreement was made.  To configure V2X SIB validity areas which minimize how often a UE needs to read the SIB during IDLE mode reselection, this restriction can be relaxed.  Network planning of the areas based on expected UE trajectories (e.g. along highways) can ensure that a UE rarely needs to acquire a new resource pool at reselection. 
Proposal 2:
The V2X SIB can be area specific, with an area which can be different than other NR SIBs. 

In addition, while the requirements for storage were not specified for NR, a V2X UEs could adhere to more strict storage requirements than what was assumed for NR.  Additionally, a UE may acquire SI for different areas within a given cell which could be used for mobility later. 

Proposal 3:
A V2X UE may acquire and/or store the V2X pool configuration of other cells while in IDLE/INACTIVE.  Details are FFS. 

Finally, in the corner cases where a UE reselects to a cell where it does not have sensing results for the transmission resource pool, the UE can rely on the exceptional resource pool as in LTE. 

Proposal 4:
During cell reselection, the IDLE/INACTIVE UE uses the exceptional transmission pool of the reselected cell if sensing results on the transmission resource pool of the reselected cell are not available.  

UE in CONNECTED

A UE in CONNECTED obtains its pool configuration in dedicated signalling.  It was agreed in the study item that during mobility, at least the exceptional resource pools and the reception resource pools of the target cell are provided in the handover command, but that further enhancements are to be studied [2].
One such enhancement is to provide the transmission resource pool to be used by the UE in the target cell in the HO command.  In this way, the UE may use the transmission resource pools of the target cell before the handover is complete, if the UE is synchronized with the target cell and has sensing results associated with the transmission resource pool.  If sensing results are not present, the UE uses the exceptional resource pools.  As with reselection, ensuring that the transmission resource pool in the target cell is the same as that in the source cell can avoid use of the exceptional resource pools during the handover.
Proposal 5:
The UE receives the transmission resource(s) pools (including the exceptional resource pool) and the reception resource pool(s) of the target cell during handover. 

Proposal 6:
During handover when configured with mode 2, the UE uses the exceptional resource pool of the target cell if sensing results for the transmission resource pool of the target cell are not available.
In addition to the above uses, exceptional resource pools in LTE were used to avoid interruption in sidelink transmission during the following exceptional cases:

· 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 while configured with Mode 1: 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

· Reconfiguration: For the cases where the UE does not have sensing results for its transmit pool following a change in pool (e.g. the TX pool was changed due to reconfiguration), the UE could use the exceptional TX pools.

For NR, these situations will still exist and the need for exceptional resource pools still apply.  Additional conditions for use of the exceptional resource pool 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 2 (e.g. NW reconfigures the resource pools during operation) in which case this condition is applicable for NR.  Since exceptional cases should occur quite rarely or are of very short duration, 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.  
Proposal 7:
In addition to the above, a UE uses exceptional resource pools in the following scenarios:

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

· During HO while configured with mode 1
· During re-establishment procedure

· When sensing results are not available at a UE due to pool reconfiguration

2.2 Resource Pool Configuration for Mode 2 Operation
During the SI phase, RAN1 agreed that multiple resource pools can be (pre)configured to a UE in a specific carrier.  Whether these pools are separated between different services, different casts, or other was however not decided.

In LTE D2D, a UE could be configured with multiple resource pools to be used for different PPPPs.  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 priorities, 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.  In addition, very high reliability requirements may not be feasible if such services are not operated in a pool of resources with low congestion.  
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, introduction of very high reliability requirements may make the sharing of resources by UEs with different reliability requirements (based on sensing) unfeasible.
Observation 2:
Use of a common TX resource pool for all V2X traffic may make it difficult to meet the varying QoS requirements for NR.

In order to support different services with different QoS requirements, the network can configure multiple transmission pools  that are associated with different QoS requirements.     
Proposal 8:
A UE can be configured with different transmission resource pools associated with different QoS requirements.  
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, pool selection mechanisms should 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 situation 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.  
Proposal 9:
A UE selects a transmission resource pool based on QoS requirements and congestion. 
3 Conclusion

In this contribution the following observations were made on mode 2 operation in NR V2X
Observation 1:
Use of area specific SIBs in NR can reduce the latency associated with acquiring SIB in a different cell (regardless if the SIB is on-demand or broadcast).

Observation 2:
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:
NR V2X SI can be provided on-demand.  It is a network decision whether the NR V2X SI is broadcast at a given time.  

Proposal 2:
The V2X SIB can be area specific, with an area which can be different than other NR SIBs. 

Proposal 3:
A V2X UE may acquire and/or store the V2X pool configuration of other cells while in IDLE/INACTIVE.  Details are FFS. 

Proposal 4:
During cell reselection, the IDLE/INACTIVE UE uses the exceptional transmission pool of the reselected cell if sensing results on the transmission resource pool of the reselected cell are not available.  

Proposal 5:
The UE receives the transmission resource(s) pools (including the exceptional resource pool) and the reception resource pool(s) of the target cell during handover. 

Proposal 6:
During handover when configured with mode 2, the UE uses the exceptional resource pool of the target cell if sensing results for the transmission resource pool of the target cell are not available.

Proposal 7:
In addition to the above, a UE uses exceptional resource pools in the following scenarios:

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

· During HO while configured with mode 1

· During re-establishment procedure

· When sensing results are not available at a UE due to pool reconfiguration

Proposal 8:
A UE can be configured with different transmission resource pools associated with different QoS requirements.  
Proposal 9:
A UE selects a transmission resource pool based on QoS requirements and congestion. 
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5 Relevant Agreements from NR V2X SI

Agreements from RAN2 #104
Agreements

1:
NR V2X sidelink communication is supported for all RRC_CONNECTED UEs, RRC_IDLE UEs and RRC_INACTIVE UEs (if supported). A UE in RRC_INACTIVE (if supported) performs V2X sidelink communication following the same way as RRC_IDLE UEs, i.e. using cell-specific configurations included in SIB.
2:
As in LTE, V2X-specific SIB(s) is needed for NR V2X. It is FFS by RAN2 whether V2X-specific SI should be on-demand SI or not for a cell supporting V2X sidelink communication in NR.

3:
For RRC connection establishment for NR V2X sidelink communication, the RRC connection establishment condition for LTE V2X sidelink communication (i.e. concerned frequency included in SIB without Tx pool) is taken as the baseline. It is FFS whether/what new RRC connection establishment condition(s) for V2X sidelink communication are needed in NR, on top of the LTE baseline.

5:
For NR V2X sidelink communication during handover, the Tx and Rx operations and configurations during handover in LTE V2X sidelink communication (i.e. using Rx pool and exceptional Tx pool of the target cell configured in HO command) are taken as the baseline. Enhancements for the Tx/Rx operations and configurations during handover are needed for NR V2X sidelink communication, on top of the LTE baseline. Details are FFS.

Agreements from RAN2 #105
RAN2 will not capture whether there are cast specific pool or common pool in the TR. RAN2 will further discuss need for this in WI phase based on RAN1 progress/decision.

1-7: The network can provide a pool of resources in which UE autonomously selects sidelink grant for ‘sidelink unicast/groupcast/broadcast’ via broadcast system information.

1-8: The network can provide a pool of resources in which UE autonomously selects sidelink grant for ‘sidelink unicast/groupcast/broadcast’ via dedicated signaling.

1-9: Whether to allow the network to indirectly provide a pool of resources for sidelink unicast/groupcast via another UE is not captured in NR V2X SI TR from RAN2 point of view. If necessary dependent on RAN1 progress/decision, to be discussed in WI.

1-10: RAN2 supports mode-2 resource configuration for a given validity area where the UE(s) does not need to acquire a new mode-2 resource configuration while moving in the validity area, as least when this configuration is provided by SIB (e.g. to reuse valid area of NR SIB).
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