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Introduction
During RAN2#107 meeting, exceptional resource pool for NR V2X Sidelink was discussed and the potential use cases for UE to apply exceptional resource pool were identified. On the other hand, during RAN2#106 meeting, NR V2X system information was discussed. It is one of the FFS issues whether on-demand SI acquisition should also be supported for RRC_Connected UE. In this contribution, we further analyze these two issues, such as other potential use cases and implementation details of exceptional resource, the necessity of on-demand SI acquisition for connected UE. 
Discussion
Exceptional resource pool
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. The usage of exceptional resource pool could be divided into following categories: 
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. 
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.
Use cases of SL exceptional resource pool
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 1: 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 2: 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 3: 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 4: 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#107 meeting that UE is allowed to continue using the configured SL grant type 1 when beam failure or physical layer problem in NR Uu occur. On the other hand, 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 may only utilize the exceptional resource pool for V2X packet transmission. In this case, it is suggested that UE 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. The configured grant type 1 could be used by UE until UE performs re-establishment or enters RRC_IDLE state. 
Proposal 5: Suppose physical layer problem is detected and configured grant type 1 is configured, UE may utilize the configured grant type 1 and disregard the SL LCP mapping restriction. The configured grant type 1 could be used by UE until UE performs re-establishment or enters RRC_IDLE state.
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 6: 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 7: 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.
System information handling

For RRC_CONNECTED UE, it shall monitor for SI change indication in any paging occasion at least once per modification period if the UE is provided with common search space on the active BWP to monitor paging. If the UE with an active BWP with common search space configured by searchSpaceSIB1 and pagingSearchSpace has received an indication about change of system information, the UE may acquire broadcast SIB1. If the UE has an active BWP with common search space configured by searchSpaceOtherSystemInformation, UE may also acquire the broadcasted SI after receiving an indication about change of system information. The UE is only required to acquire broadcasted SIB1 and SI message if the UE can acquire it without disrupting unicast data reception, i.e. the broadcast and unicast beams are quasi co-located.
In addition, the network can provide system information through dedicated signalling using the RRCReconfiguration message. The dedicated signalling may provide the SIB1, SIB6, SIB7 and SIB8 of PCell. Moreover, the network may provides required SI of PScell and SCells by dedicated signalling. 

Observation 1: According to NR Uu specification, RRC_CONNECTED UE could acquire the system information via dedicated signalling or broadcast over configured common search space. No SI request is allowed for RRC_CONNECTED UE. 

Analysis on the RRC_CONNECTED V2X UE
Suppose the RRC_CONNECTED V2X UE has active BWP with common search space configured by searchSpaceOtherSystemInformation and pagingSearchSpace, V2X UE may acquire the broadcast V2X SI after receiving an indication about change of system information.

Observation 2: RRC_CONNECTED UE may acquire the broadcast V2X SIB if it has active BWP with common search space configured by searchSpaceOtherSystemInformation.
On the other hand, gNB may provide the system info via dedicated signalling. In our opinion, the system information may be provided by gNB to UE in the following cases for RRC_CONNECTED V2X UE: 
Upon receiving the V2X UE authorization info: According to the NR V2X SI progress in RAN3, V2X service authorization information may be conveyed by 5GC to the NG-RAN node over NG interface and provided by Xn between NG-RAN nodes during mobility events. As we know, in LTE V2X, the V2X service authorization info is provided in the initial context setup request message. It means that the eNB could be aware of the V2X UE status immediately after the UE connected to this eNB. Similar signalling could be leveraged in NR V2X design. Based on this V2X service authorization info, gNB may provide the V2X SIB to UE via dedicated signalling. In addition, the target gNB may provide the V2X SIB of target cell to UE during HO preparation procedure.  

   Upon receiving the V2X capability info: During the initial UE context setup procedure, the AMF provides the UE radio capability info to gNB, which may include the V2X capability. In addition, the gNB may initiate the UE capability transfer procedure to RRC_CONNECTED UE and acquire the UE radio capability info. Based on the V2X capability info, the gNB could determine the V2X UE status and then provide the V2X SIB via dedicated signalling to this UE. During mobility event, the target gNB may obtain the UE V2X capability together with other radio capability info during the HO preparation procedure. Correspondingly, the target gNB may provide the V2X SIB of target cell to UE during HO preparation procedure.  

Proposal 8: gNB may provide the V2X SIBs to RRC_CONNECTED UE via dedicated signalling upon receiving the UE V2X authorization info and/or V2X capability info. 

It should be noted that even if the V2X capable UE is authorized for V2X operation, it does not mean the UE has interest to V2X sidelink communication transmission/reception. In that case, it is not necessary to provide the the V2X SIB to RRC_CONNECTED UE via dedicated signalling. In order for the gNB to be aware of the UE’s V2X sidelink communication interest, the following two options could be considered: 1) indicate the V2X sidelink communication interest in SidelinkUEInformation; 3) reuse the RRCSystemInforequest message. Both options could explicit inform the gNB of UE’s interest of V2X sidelink communication and thus trigger gNB to provide the V2X SIB to UE via dedicated signalling. However,. compared with the  previous V2X SIB provision based on V2X UE authorization/capability info, these two options introduce more latency and specification effort. 

During RAN#84 meeting, it was agreed that RAN1 is advised to reuse NR Uu design and/or LTE sidelink design to the greatest extent appropriate, unless there are strong reasons to deviate from these. The same principle may also apply to RAN2. For the V2X SIB acquisition, the same approach for NR Uu RRC_CONNECTED UE could be reused without considering additional enhancement. 

Proposal 9: It is suggested not to consider the on-demand V2X SIB acquisition for RRC_CONNECTED UE. 

Analysis on the RRC_IDLE/INACTIVE UE
For RRC_IDLE/INACTIVE UE, it may obtain the V2X SIB directly through on-demand request or broadcast. Based on the V2X Sidelink Rx resource pool configuration in V2X SIB, the RRC_IDLE/INACTIVE UE may perform the V2X sidelink reception. Suppose the V2X Sidelink Tx resource pool configuration is also included in V2X SIB, the RRC_IDLE/INACTIVE UE may perform the NR V2X sidelink transmission as well. However, if the V2X Sidelink Tx resource pool configuration is not included in V2X SIB, the RRC_IDLE/INACTIVE UE has to enter RRC_CONNECTED state to request NR V2X sidelink Rx resource configuration. 
One potential problem here is that the UE interested to V2X sidelink transmission may need to perform random access twice suppose on-demand SI acquisition is required and V2X sidelink Tx resource pool configuration is not included in V2X SIB. This may lead to longer latency for V2X UE. Some enhancements might be considered here. 
Observation 3:  UE interested to V2X sidelink transmission may need to perform random access twice suppose on-demand SI acquisition is required and V2X sidelink Tx resource pool configuration is not included in V2X SIB. This may lead to longer latency for V2X UE.

Proposal 10: It is suggested to consider potential enhancement to accelerate RRC_IDLE/INACTIVE UE’s V2X sidelink transmission resource pool configuration. 
Conclusion
In this contribution, we further analyzed these two issues, such as other potential use cases and implementation details of exceptional resource, the necessity of on-demand SI acquisition for connected UE. And we have the following observations  and proposals:
Proposal 1: 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 2: 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 3: Suppose the zone based sidelink resource pool configuration is supported, UE is not allowed to use exceptional resource pool during zone change. 
Proposal 4: 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 5: Suppose physical layer problem is detected and configured grant type 1 is configured, UE may utilize the configured grant type 1 and disregard the SL LCP mapping restriction. The configured grant type 1 could be used by UE until UE performs re-establishment or enters RRC_IDLE state.
Proposal 6: Suppose physical layer problem is detected and configured grant type 2 is configured, UE may utilize configured grant type 2 for SL transmission. 
Proposal 7: 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.
Observation 1: According to NR Uu specification, RRC_CONNECTED UE could acquire the system information via dedicated signalling or broadcast over configured common search space. No SI request is allowed for RRC_CONNECTED UE. 

Observation 2: RRC_CONNECTED UE may acquire the broadcast V2X SIB if it has active BWP with common search space configured by searchSpaceOtherSystemInformation.
Proposal 8: gNB may provide the V2X SIBs to RRC_CONNECTED UE via dedicated signalling upon receiving the UE V2X authorization info and/or V2X capability info. 

Proposal 9: It is suggested not to consider the on-demand V2X SIB acquisition for RRC_CONNECTED UE. 

Observation 3:  UE interested to V2X sidelink transmission may need to perform random access twice suppose on-demand SI acquisition is required and V2X sidelink Tx resource pool configuration is not included in V2X SIB. This may lead to longer latency for V2X UE.

Proposal 10: It is suggested to consider potential enhancement to accelerate RRC_IDLE/INACTIVE UE’s V2X sidelink transmission resource pool configuration. 
Reference
[1] RP-181480, New SID: Study on NR V2X, Vodafone, LaJolla, USA, June 11th-14th, 2018.
3GPP


