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Introduction
During RAN2#106 meeting, exceptional resource pool for NR V2X Sidelink was discussed and the following agreements were reached:

Agreements on exceptional TX resource pool: 

1: 
As in LTE V2X, NR V2X adopts the concept of exception pool.

2:
As in LTE V2X, when configured in mode 1, UE use exceptional pool in the following cases:


i) When UE detect Uu physical layer problems or radio link failure.


ii) Before UE finish the initiated connection (re)establishment.


iii) During handover

3:
As in LTE V2X, if UE is not configured in mode 1, UE use exceptional pool when the sensing results for the normal TX resource pool is not available.

In addition, an email discussion on exceptional Tx resource pool is triggered to discuss the need of other use cases where exceptional Tx resource pool is required and the potential enhancement. In this contribution, we mainly discuss the potential use cases and implementation details of exceptional resource.

Discussion
Overview of LTE exceptional resource pool
According to 36.300, the exceptional resource pool could be provided via V2X SIB or dedicated signalling. Only random resource selection is allowed in exceptional resource pool. 

RRC_Connected UE

For RRC_CONNECTED V2X UE configured with mode 3 resource allocation  may utilize exceptional resource pool in the following cases:

If T310 or T311 is running and UE detects the physical layer problem or RLF, UE utilizes the exceptional resource pool provided by PCell. T310 is started upon detecting physical layer problem, i.e. receiving N310 consecutive out of sync indications, stopped upon receiving N311 consecutive in-sync indication, or triggering HO or initiating reestablishment. T311 is started upon initiating the RRC reestablishment and stopped when select suitable cell.

If T301 is running and UE initiated connection re-establishment, UE utilizes the exceptional resource pool of the cell on which UE initiate re-establishment. T301 is started when transmit RRC-reestablishment request and stopped when re-establishment succeed.
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Figure 1 Illustration of exceptional resource pool usage during RLF
For RRC_CONNECTED UE configured with mode 4 resource allocation, UE may utilize the exceptional resource pool in following case:

If the sensing result of the mode 4 Tx resource pool is not available, UE utilizes the exceptional resource pool configured via broadcast/dedicated signalling/HO command.
For RRC_CONNECTED UE performing HO, the exceptional resource pool may be used in the following case:
If T304 is running, UE utilizes the exceptional resource pool provided in HO command. T304 is started upon receive HO command and stopped when HO succeed. To be specific, the exceptional resource pool delivered via HO command could be used when UE completes synchronization with target cell or GNSS. For mode 3 resource allocation from target cell, the exceptional resource pool could be used until T304 is stopped. For mode 4 resource allocation from target cell, the exceptional resource pool could be used until sensing result is available. 
RRC_Idle UE

For RRC_IDLE UE, it may utilize the exceptional resource pool in the following cases:

If the sensing result of the mode 4 Tx resource pool is not available, UE utilizes the exceptional resource pool configured via broadcast signalling. This can be used after cell selection and re-selection.
From the moment the UE initiates connection establishment until receiving an RRCReconfiguration including V2X resource configuration or until receiving an RRCConnectionRelease or an RCConnectionReject, UE utilizes the exceptional resource pool configured via broadcast signalling.
Analysis of NR SL exceptional resource pool 
Exceptional resource pool type
During RAN2#106 meeting, it was discussed whether resource pool configuration based on different cast types should be supported by taking into account the configuration of PSFCH resource. An LS was sent to RAN1 to clarify this. Suppose the V2X sidelink transmission resource pools are associated with different cast type, it is necessary to consider the exceptional resource pool associated with different cast type. For example, when the condition for exceptional resource pool is met, the V2X UE shall select the broadcast/groupcast/unicast exceptional resource pool based on the V2X traffic cast type. 

On the other hand, V2X sidelink transmission resource pool might be configured with or without PSFCH resource irrespective of the cast type. According to RAN1’s progress, it was agreed to support the enabling and disabling SL HARQ feedback in unicast and groupcast. It means that for V2X unicast/groupcast traffic, UE may use the V2X sidelink transmission resource pool without PSFCH resource if the SL HARQ feedback is disabled. In this sense, different exceptional resource pools might be configured with or without PSFCH resource.

Proposal 1: Depending on RAN1’s progress, the exceptional resource pools might be associated with different cast types, or PSFCH resource configuration. 
Furthermore, it hasn’t been decided whether resource pool configuration based on zone is supported. In our opinion, even if zone based sidelink resource pool configuration is supported, it is not necessary to consider zone based exceptional resource pool. In other word, a common exceptional resource pool is enough for a given cell. This is also aligned with the LTE V2X design, namely, zone concept is not applied to exceptional sidelink transmission pool. 
Proposal 2: It is not necessary to consider zone based exceptional resource pool.

Use cases of exceptional resource pool
As agreed in RAN2#106 meeting, UE configured with mode 1 could use exceptional pool in three cases: 1) when UE detects Uu physical layer problems or radio link failure; 2) before UE finish the initiated connection (re)establishment; 3) during handover. For UE not configured in mode 1, it could use exceptional pool when the sensing result for normal Tx resource pool is not available. In this section, we will analyze other potential use cases for exceptional resource pool.
V2X SIB change

As agreed in RAN2#105bis meeting, NR SIB validity mechanism is reused to enable validity area for SL resource pool configured via broadcast system information.
It means that if the UE re-selects a cell with the same validity areaScope and V2X SIB valueTag, UE does not need to acquire the V2X SIB from the re-selected cell and the V2X sidelink transmission resource pool from the previously camped cell could be directly reused. Only if the UE re-selects a cell with cell-specific V2X SIB, or a cell with different validity areaScope/V2X SIB valueTag, RRC_IDLE/INACTIVE UE may use the exceptional transmission resource pool of the re-selected cell until the sensing results of the mode 2 transmission resource pools are available. 

Proposal 3: When UE re-selects a cell with cell-specific V2X SIB, or a cell with different validity areaScope/V2X SIB valueTag, RRC_IDLE/INACTIVE UE may use the exceptional transmission resource pool of the re-selected cell until the sensing results of the mode 2 transmission resource pools are available. 

According to RAN2#106 meeting, NR V2X SI can be provided on-demand for idle/inactive UE. Suppose the V2X UE needs to use the exceptional transmission resource pool of the re-selected cell and the exceptional resource pool is included in the NR V2X SI, the V2X UE has to first request the V2X SI via random access procedure and then wait to receive the broadcast V2X SI message. Before UE receive the NR V2X SI of the re-selected cell, the UE has no available V2X sidelink resource pool and the V2X sidelink transmission may be interrupted. To avoid this, it is suggested to always broadcast the exceptional resource pool periodically. In this case, the UE may acquire the exceptional resource pool of neighboring cells in advance and use the exceptional resource pool of re-selected cell immediately after the re-selection. 
Proposal 4: In order to reduce V2X  service interruption, it is suggested to always periodically broadcast the exceptional resource pool. Separate V2X SIBs might be designed to carry the periodically broadcast exceptional resource pool and other on-demand V2X configurations. 

Zone change

On the other hand, suppose resource pool configuration based on zone is supported, it is not clear if the UE could use the exceptional resource pool during zone change. As agreed in RAN2#96 for LTE V2X, during zone change for intra-cell scenario, UE shall use normal sidelink transmission resource pool. However, UE may perform pre-sensing of the associated sidelink transmission resource pool of neighboring zone so as to ensure sensing result is available. The same principle could be leveraged for NR V2X.
Proposal 5: Suppose the zone based sidelink resource pool configuration is supported, UE is not allowed to use exceptional resource pool during zone change. 
RRC state transition from RRC_IDLE/INACTIVE to RRC_CONNECTED

When RRC_IDLE/INACTIVE V2X UE goes to RRC_CONNECTED state, one more LTE V2X use cases for exceptional resource pool could be leveraged. According to 36.331, V2X UE utilizes the exceptional resource pool configured via broadcast signalling from the moment the UE initiates connection establishment until receiving an RRCReconfiguration including V2X resource configuration or until receiving an RRCConnectionRelease or an RCConnectionReject. During this period of time, V2X UE hasn’t been configured whether mode 1 or mode 2 shall be used. The UE could only use the exceptional resource pool. 

Proposal 6: It is suggested to consider the use case of NR V2X UE utilizing the exceptional resource pool from the moment the UE initiates connection establishment until receiving an RRCReconfiguration including V2X resource configuration or until receiving an RRCConnectionRelease or an RCConnectionReject.
Physical layer problem or RLF 

For RRC_CONNECTED mode 1 UE, the NR sidelink resource allocation could be further divided into three types: 1) dynamic resource allocation; 2) Grant free transmission, i.e. configured grant type 1; 3) semi-persistent scheduling allocation, i.e. configured grant type 2 (activation/de-activation by physical layer signalling). For a given UE, it might be configured with the following cases:

Only dynamic resource allocation is configured
In this case, UE could only use exceptional pool when UE detects Uu physical layer problems or radio link failure.
Configured grant type 1 is configured
In this case, one potential solution is that UE use exceptional resource pool for all UE’s SL traffic transmission when detecting physical layer problem or RLF. It was agreed in RAN2#106 meeting that configured grant type 1 is considered as SL LCP mapping restriction for sidelink LCH. For the logical channels allowed to use configured grant type 1, it looks reasonable for UE to continue use the Type 1 configured grant to transmit the V2X packet from these logical channels upon detecting the physical layer problem or RLF. For the logical channels not allowed to use configured grant type 1, it could only utilize the exceptional resource pool for V2X packet transmission. 

It should be noted that exceptional resource pool is based on random resource selection while configured grant type 1 is based on scheduled resource allocation. If V2X UE use both of them, it actually requires the V2X UE to support simultaneous mode 1 and mode 2. According to the NR V2X WID, the transmitter UE operation with simultaneous configuration mode 1 and mode 2 is to be discussed after the design of mode 1 only and mode 2 only. So it is pending whether RAN2 could decide this approach by now. Alternatively, UE may be disregard the configured grant type 1 SL LCP mapping restriction and use the Type 1 configured grant for all the SL traffic transmission during physical layer problem or RLF. 
Proposal 7: Suppose physical layer problem is detected and configured grant type 1 is configured, at least UE may utilize exceptional resource pool. Alternatively, UE may be disregard the configured grant type 1 SL LCP mapping restriction and use the Type 1 configured grant for all the SL traffic transmission. 
Configured grant type 2 is configured
According to LTE V2X, UE might be configured with SPS similar to the configured grant type 2. When physical layer problem or RLF is detected, UE is only allowed to use the exceptional resource pool. When it comes to NR V2X, it needs to double check whether the configured grant type 2 could be continuously used. In our opinion, since no SL LCP mapping restriction is associated with the configured grant type 2, UE may use configured grant type 2 to transmit any SL traffic when physical layer problem or RLF is detected. When UE initiates the RRC re-establishment, UE may turn to the exceptional resource pool of the re-established cell for SL transmission.  

Proposal 8: Suppose physical layer problem is detected and configured grant type 2 is configured, UE may utilize configured grant type 2 for SL transmission. 
After UE recover the RRC connection with re-established cell, UE needs to request the SL configuration from the re-established cell. It is suggested that UE continue to use the exceptional resource pool until receiving an RRCReconfiguration including V2X resource configuration. 

Proposal 9: It is suggested to consider the use case of NR V2X UE utilizing the exceptional resource pool from the moment the UE recover the RRC connection with re-established cell until receiving an RRCReconfiguration including V2X resource configuration.
Handover

As agreed in RAN2#106 meeting, mode 1 UE could use exceptional pool during handover. To be specific, the transmission resource pool configurations including exceptional transmission resource pool for the target cell can be signaled in the handover command. In this way, the UE may use the V2X sidelink transmission resource pools of the target cell before the handover is completed as long as either synchronization is performed. UE may continue to use the exceptional resource pool until the sensing result is available or HO is completed. 
Suppose the handover command includes the configured grant type 1, for the logical channels allowed to use configured grant type 1, UE may use the Type 1 configured grant to transmit the SL packet from these logical channels. For the logical channels not allowed to use configured grant type 1, it could only utilize the exceptional resource pool for SL packet transmission. Alternatively, UE may disregard the configured grant type 1 SL LCP mapping restriction and use the Type 1 configured grant for all the SL traffic transmission.
Proposal 10: During handover, UE may utilize the configured grant type 1 included in the handover command until HO is completed.  
Conclusion
In this contribution, we mainly discussed the potential use cases and implementation details of exceptional resource. And we have the following observations  and proposals:
 Proposal 1: Depending on RAN1’s progress, the exceptional resource pools might be associated with different cast types, or PSFCH resource configuration. 
Proposal 2: It is not necessary to consider zone based exceptional resource pool.

Proposal 3: When UE re-selects a cell with cell-specific V2X SIB, or a cell with different validity areaScope/V2X SIB valueTag, RRC_IDLE/INACTIVE UE may use the exceptional transmission resource pool of the re-selected cell until the sensing results of the mode 2 transmission resource pools are available. 

Proposal 4: In order to reduce V2X  service interruption, it is suggested to always periodically broadcast the exceptional resource pool. Separate V2X SIBs might be designed to carry the periodically broadcast exceptional resource pool and other on-demand V2X configurations. 

Proposal 5: Suppose the zone based sidelink resource pool configuration is supported, UE is not allowed to use exceptional resource pool during zone change. 
Proposal 6: It is suggested to consider the use case of NR V2X UE utilizing the exceptional resource pool from the moment the UE initiates connection establishment until receiving an RRCReconfiguration including V2X resource configuration or until receiving an RRCConnectionRelease or an RCConnectionReject.
Proposal 7: Suppose physical layer problem is detected and configured grant type 1 is configured, at least UE may utilize exceptional resource pool. Alternatively, UE may be disregard the configured grant type 1 SL LCP mapping restriction and use the Type 1 configured grant for all the SL traffic transmission. 
Proposal 8: Suppose physical layer problem is detected and configured grant type 2 is configured, UE may utilize configured grant type 2 for SL transmission. 
Proposal 9: It is suggested to consider the use case of NR V2X UE utilizing the exceptional resource pool from the moment the UE recover the RRC connection with re-established cell until receiving an RRCReconfiguration including V2X resource configuration.
Proposal 10: During handover, UE may utilize the configured grant type 1 included in the handover command until HO is completed.  
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