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1. Introduction & Background

In this contribution, we investigate the usage of exception pool in LTE V2X and give our views on the need of introducing exceptional pool in NR V2X.

2. Discussion
According to procedural text in TS 36.331 in the Annex, the following exception cases are specified, and the exceptional pool should be used for RRC_CONNECTD and RRC_IDLE UE, respectively.

For RRC_CONNECTED UE, scheduled mode (i.e., LTE Mode 3)

When the RRC_CONNECTED UE is configured for Mode 3, but as a result of exceptional cases e.g., due to DL failure or interruption, the UE may not be able to receive the SL grant scheduled by the network, then the UE can switch to Mode 2 on the exceptional pool temporally. The motivation is to minimize the V2X sidelink communication interruption due to normal LTE operation. The corresponding exceptional cases are:

a) PHY problem or RLF: i.e., if T310 or T311 is running; and if the PCell at which the UE detected physical layer problems or radio link failure broadcasts SystemInformationBlockType21 including v2x-CommTxPoolExceptional in sl-V2X-ConfigCommon, or v2x-CommTxPoolExceptional is included in v2x-InterFreqInfoList for the concerned frequency in SystemInformationBlockType21 or SystemInformationBlockType26 or RRCConnectionReconfiguration.
b) RRC re-establishment: i.e., if T301 is running and the cell on which the UE initiated connection re-establishment broadcasts SystemInformationBlockType21 including v2x-CommTxPoolExceptional in sl-V2X-ConfigCommon, or v2x-CommTxPoolExceptional is included in v2x-InterFreqInfoList for the concerned frequency in SystemInformationBlockType21 or SystemInformationBlockType26.
c) Handover: i.e., if T304 is running and the UE is configured with v2x-CommTxPoolExceptional included in mobilityControlInfoV2X in RRCConnectionReconfiguration or in v2x-InterFreqInfoList for the concerned frequency in RRCConnectionReconfiguration.
For RRC_CONNECTED UE, autonomous mode (i.e., LTE Mode 4)

When the RRC_CONNECTED UE is configured for Mode 4, the SL grant will be based on sensing operation. However, if the sensing result is not available yet, the UE is allowed to use exceptional pool in such cases:

a) Handover but the sensing result of target cell resource pool is not available: i.e., if the UE is configured to transmit non-P2X related V2X sidelink communication and a result of sensing on the resources configured in v2x-CommTxPoolNormalDedicated or v2x-CommTxPoolNormal in the entry of v2x-InterFreqInfoList for the concerned frequency in RRCConnectionReconfiguration is not available in accordance with TS 36.213 [23] and, if v2x-CommTxPoolExceptional is included in mobilityControlInfoV2X in RRCConnectionReconfiguration (i.e., handover case).
b) PCell reconfiguration but the sensing result of reconfigured resource pool is not available: i.e., if the UE is configured to transmit non-P2X related V2X sidelink communication and a result of sensing on the resources configured in v2x-CommTxPoolNormalDedicated or v2x-CommTxPoolNormal in the entry of v2x-InterFreqInfoList for the concerned frequency in RRCConnectionReconfiguration is not available in accordance with TS 36.213 [23] and, if v2x-CommTxPoolExceptional is included in the entry of v2x-InterFreqInfoList for the concerned frequency in RRCConnectionReconfiguration or if the PCell broadcasts SystemInformationBlockType21 including v2x-CommTxPoolExceptional in sl-V2X-ConfigCommon or v2x-CommTxPoolExceptional in v2x-InterFreqInfoList for the concerned frequency or broadcasts SystemInformationBlockType26 including v2x-CommTxPoolExceptional in v2x-InterFreqInfoList for the concerned frequency.
For RRC_IDLE UE, autonomous mode (i.e., LTE Mode 4)

For RRC_IDLE UE, it can only perform sensing on resource pool from SIB for V2X sidelink transmission. However, if the serving cell doesn’t contain any resource pool configuration in the corresponding SIB, the UE will perform RRC establishment procedure to request dedicated resource from the network. Not until successfully RRC establishment, the UE should continue to use the exceptional pool. Meanwhile, if after cell reselection the serving cell broadcasts normal resource pool configuration, the UE should also use the exceptional pool before the sensing result is available. The exceptional cases are specified as following:

a) RRC connection establishment: i.e., if SystemInformationBlockType21 includes v2x-CommTxPoolExceptional in sl-V2X-ConfigCommon or v2x-CommTxPoolExceptional in v2x-InterFreqInfoList for the concerned frequency, or SystemInformationBlockType26 includes v2x-CommTxPoolExceptional in v2x-InterFreqInfoList for the concerned frequency and from the moment the UE initiates connection establishment until receiving an RRCConnectionReconfiguration including sl-V2X-ConfigDedicated, or until receiving an RRCConnectionRelease or an RRCConnectionReject.
b) Cell reselection but the sensing result of target cell resource pool is not available: i.e., if SystemInformationBlockType21 includes v2x-CommTxPoolExceptional in sl-V2X-ConfigCommon or v2x-CommTxPoolExceptional in v2x-InterFreqInfoList for the concerned frequency, or SystemInformationBlockType26 includes v2x-CommTxPoolExceptional in v2x-InterFreqInfoList for the concerned frequency and if the UE is in RRC_IDLE and a result of sensing on the resources configured in v2x-CommTxPoolNormalCommon or v2x-CommTxPoolNormal in v2x-InterFreqInfoList for the concerned frequency in Systeminformationblocktype21 or v2x-CommTxPoolNormal in v2x-InterFreqInfoList for the concerned frequency in Systeminformationblocktype26 is not available in accordance with TS 36.213 [23].

Based on the summary and observation in LTE V2X, we think the exceptional cases in LTE V2X still exist for NR V2X. Moreover, some NR specific feature may also be considered as exceptional cases. For example, when NR Uu DL beam failure happens, it will also impact the scheduling for NR V2X when Mode 1 is configured to the sidelink UE. Therefore, it is proposed to further study potential NR specific exceptional case(s) for exceptional pool usage. We suggest:

Proposal 1: Introduce exceptional pool configuration in NR sidelink at least for exceptional cases defined for LTE V2X. FFS any NR specific exceptional cases (e.g., DL beam failure).

During SI phase, RAN2 has agreed that RRC_INACTIVE is also applicable for NR V2X in addition to RRC_IDLE and RRC_CONNECTED. And the baseline design is common for RRC_INACTIVE and RRC_IDLE. Therefore, we propose:

Proposal 2: Confirm that exceptional pool used for exceptional cases is applicable to RRC_INACTIVE and take RRC_IDLE UE behavior as baseline.

3. Conclusion

In this contribution, we mainly discuss the need of introducing exceptional pool in NR V2X and proposals are given as below.

Proposal 1: Introduce exceptional pool configuration in NR sidelink at least for exceptional cases defined for LTE V2X. FFS any NR specific exceptional cases (e.g., DL beam failure).
Proposal 2: Confirm that exceptional pool used for exceptional cases is applicable to RRC_INACTIVE and take RRC_IDLE UE behavior as baseline.
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Annex

From TS 36.331
5.10.13
V2X sidelink communication transmission

5.10.13.1
Transmission of V2X sidelink communication

A UE capable of V2X sidelink communication that is configured by upper layers to transmit V2X sidelink communication and has related data to be transmitted shall:

1>
if the conditions for sidelink operation as defined in 5.10.1d are met:

2>
if in coverage on the frequency used for V2X sidelink communication as defined in TS 36.304 [4], clause 11.4; or

2>
if the frequency used to transmit V2X sidelink communication is included in v2x-InterFreqInfoList in RRCConnectionReconfiguration or in v2x-InterFreqInfoList within SystemInformationBlockType21 or SystemInformationBlockType26:

3>
if the UE is in RRC_CONNECTED and uses the PCell or the frequency included in v2x-InterFreqInfoList in RRCConnectionReconfiguration for V2X sidelink communication:

4>
if the UE is configured, by the current PCell with commTxResources set to scheduled:

5>
if T310 or T311 is running; and if the PCell at which the UE detected physical layer problems or radio link failure broadcasts SystemInformationBlockType21 including v2x-CommTxPoolExceptional in sl-V2X-ConfigCommon, or v2x-CommTxPoolExceptional is included in v2x-InterFreqInfoList for the concerned frequency in SystemInformationBlockType21 or SystemInformationBlockType26 or RRCConnectionReconfiguration; or

5>
if T301 is running and the cell on which the UE initiated connection re-establishment broadcasts SystemInformationBlockType21 including v2x-CommTxPoolExceptional in sl-V2X-ConfigCommon, or v2x-CommTxPoolExceptional is included in v2x-InterFreqInfoList for the concerned frequency in SystemInformationBlockType21 or SystemInformationBlockType26; or

5>
if T304 is running and the UE is configured with v2x-CommTxPoolExceptional included in mobilityControlInfoV2X in RRCConnectionReconfiguration or in v2x-InterFreqInfoList for the concerned frequency in RRCConnectionReconfiguration:

6>
configure lower layers to transmit the sidelink control information and the corresponding data based on random selection using the pool of resources indicated by v2x-CommTxPoolExceptional as defined in TS 36.321 [6];

5>
else:

6>
configure lower layers to request E-UTRAN to assign transmission resources for V2X sidelink communication;

4>
else if the UE is configured with v2x-CommTxPoolNormalDedicated or v2x-CommTxPoolNormal or p2x-CommTxPoolNormal in the entry of v2x-InterFreqInfoList for the concerned frequency in sl-V2X-ConfigDedicated in RRCConnectionReconfiguration:
5>
if the UE is configured to transmit non-P2X related V2X sidelink communication and a result of sensing on the resources configured in v2x-CommTxPoolNormalDedicated or v2x-CommTxPoolNormal in the entry of v2x-InterFreqInfoList for the concerned frequency in RRCConnectionReconfiguration is not available in accordance with TS 36.213 [23]; or

5>
if the UE is configured to transmit P2X related V2X sidelink communication and selects to use partial sensing according to 5.10.13.1a, and a result of partial sensing on the resources configured in v2x-CommTxPoolNormalDedicated or p2x-CommTxPoolNormal in the entry of v2x-InterFreqInfoList for the concerned frequency in RRCConnectionReconfiguration is not available in accordance with TS 36.213 [23]:

6>
if v2x-CommTxPoolExceptional is included in mobilityControlInfoV2X in RRCConnectionReconfiguration (i.e., handover case); or

6>
if v2x-CommTxPoolExceptional is included in the entry of v2x-InterFreqInfoList for the concerned frequency in RRCConnectionReconfiguration; or

6>
if the PCell broadcasts SystemInformationBlockType21 including v2x-CommTxPoolExceptional in sl-V2X-ConfigCommon or v2x-CommTxPoolExceptional in v2x-InterFreqInfoList for the concerned frequency or broadcasts SystemInformationBlockType26 including v2x-CommTxPoolExceptional in v2x-InterFreqInfoList for the concerned frequency:
7>
configure lower layers to transmit the sidelink control information and the corresponding data based on random selection using the pool of resources indicated by v2x-CommTxPoolExceptional as defined in TS 36.321 [6];
5>
else if the UE is configured to transmit P2X related V2X sidelink communication:

6>
select a resource pool according to 5.10.13.2;

6>
perform P2X related V2X sidelink communication according to 5.10.13.1a;

5>
else if the UE is configured to transmit non-P2X related V2X sidelink communication:

6>
configure lower layers to transmit the sidelink control information and the corresponding data based on sensing (as defined in TS 36.321 [6] and TS 36.213 [23]) using one of the resource pools indicated by v2x-commTxPoolNormalDedicated or v2x-CommTxPoolNormal in the entry of v2x-InterFreqInfoList for the concerned frequency, which is selected according to 5.10.13.2;

3>
else:
4>
if the cell chosen for V2X sidelink communication transmission broadcasts SystemInformationBlockType21 or SystemInformationBlockType26:

5>
if the UE is configured to transmit non-P2X related V2X sidelink communication, and if SystemInformationBlockType21 includes v2x-CommTxPoolNormalCommon or v2x-CommTxPoolNormal in v2x-InterFreqInfoList for the concerned frequency, or SystemInformationBlockType26 includes v2x-CommTxPoolNormal in v2x-InterFreqInfoList for the concerned frequency, and if a result of sensing on the resources configured in v2x-CommTxPoolNormalCommon or v2x-CommTxPoolNormal in v2x-InterFreqInfoList for the concerned frequency is available in accordance with TS 36.213 [23]:

6>
configure lower layers to transmit the sidelink control information and the corresponding data based on sensing (as defined in TS 36.321 [6] and TS 36.213 [23]) using one of the resource pools indicated by v2x-CommTxPoolNormalCommon or v2x-CommTxPoolNormal in v2x-InterFreqInfoList for the concerned frequency, which is selected according to 5.10.13.2;

5>
else if the UE is configured to transmit P2X related V2X sidelink communication, and if SystemInformationBlockType21 includes p2x-CommTxPoolNormalCommon or p2x-CommTxPoolNormal in v2x-InterFreqInfoList for the concerned frequency, or SystemInformationBlockType26 includes p2x-CommTxPoolNormal in v2x-InterFreqInfoList for the concerned frequency, and if the UE selects to use random selection according to 5.10.13.1a, or selects to use partial sensing according to 5.10.13.1a and a result of partial sensing on the resources configured in p2x-CommTxPoolNormalCommon or p2x-CommTxPoolNormal in v2x-InterFreqInfoList for the concerned frequency is available in accordance with TS 36.213 [23]:

6>
select a resource pool from p2x-CommTxPoolNormalCommon or p2x-CommTxPoolNormal in v2x-InterFreqInfoList for the concerned frequency according to 5.10.13.2, but ignoring zoneConfig in SystemInformationBlockType21 or SystemInformationBlockType26;
6>
perform P2X related V2X sidelink communication according to 5.10.13.1a;
5>
else if SystemInformationBlockType21 includes v2x-CommTxPoolExceptional in sl-V2X-ConfigCommon or v2x-CommTxPoolExceptional in v2x-InterFreqInfoList for the concerned frequency, or SystemInformationBlockType26 includes v2x-CommTxPoolExceptional in v2x-InterFreqInfoList for the concerned frequency:

6>
from the moment the UE initiates connection establishment until receiving an RRCConnectionReconfiguration including sl-V2X-ConfigDedicated, or until receiving an RRCConnectionRelease or an RRCConnectionReject; or

6>
if the UE is in RRC_IDLE and a result of sensing on the resources configured in v2x-CommTxPoolNormalCommon or v2x-CommTxPoolNormal in v2x-InterFreqInfoList for the concerned frequency in Systeminformationblocktype21 or v2x-CommTxPoolNormal in v2x-InterFreqInfoList for the concerned frequency in Systeminformationblocktype26 is not available in accordance with TS 36.213 [23]; or

6>
if the UE is in RRC_IDLE and UE selects to use partial sensing according to 5.10.13.1a and a result of partial sensing on the resources configured in p2x-CommTxPoolNormalCommon or p2x-CommTxPoolNormal in v2x-InterFreqInfoList for the concerned frequency in Systeminformationblocktype21 or v2x-CommTxPoolNormal in v2x-InterFreqInfoList for the concerned frequency in Systeminformationblocktype26 is not available in accordance with TS 36.213 [23]:

7>
configure lower layers to transmit the sidelink control information and the corresponding data based on random selection (as defined in TS 36.321 [6]) using the pool of resources indicated in v2x-CommTxPoolExceptional;
[remaining text omitted…]
