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1 Introduction
In this contribution, we would like to have a discussion on the impact of inter-RAT V2X sidelink on Uu procedures. In details the impacts can be on the procedures for CONNECTED UE and IDLE/INACTIVE UE.

In RAN2 #105bis meeting [1], the support of inter-RAT resource allocation was discussed and the following agreements were achieved:
Agreements on inter-RAT resource allocation: 

1: 
New system information block type should be designed to support NR sidelink Tx and Rx resource pool configuration via LTE Uu. New system information will be defined as container (OCTET STRING) and actual information will follow what is defined in NR RRC.

2:
eNB should be able to configure the NR V2X mode 2 sidelink resource pool or type 1 configured grant for NR V2X sidelink communication via dedicated signalling.

3:
NR Sidelink UE information and/or NR UE Assistance information will be transmitted as container (OCTET STRING) and actual information will be defined in NR RRC.

4:
Separate system information block should be designed to support LTE resource pool configuration via NR Uu. It will be defined as a container (OCTET STRING) and actual information follows what defined in LTE RRC.

5: 
gNB should be able to configure the LTE V2X mode 4 sidelink resource pool via dedicated signalling. In addition, gNB should be able to configure mode3 SL resources via dedicated signaling. It will be defined as a container (OCTET STRING) and actual information follows what defined in LTE RRC.

In addition, the cell reselection procedure discussed [2] and some changes will be introduced because of the support of both LTE and NR V2X sidelink with the following agreements:

Agreements on cell reselection: 

1: 
For NR SL controlled by NR Uu, NR Uu can provide the intra-carrier NR SL configuration, the inter-carrier NR SL configuration, and the NR anchor carrier which provides the NR SL configuration.

2:
For NR SL controlled by LTE Uu, LTE Uu can provide the inter-carrier NR SL configuration, the LTE anchor carrier which provides the NR SL configuration, and the NR anchor carrier which provides the NR SL configuration.

3:
Send LS to RAN4 (Cc: RAN1) to check whether LTE Uu can share the same frequency with NR SL and whether NR Uu can share the same frequency with LTE SL.

4:
For LTE SL controlled by NR Uu, NR Uu can provide the inter-carrier LTE SL configuration, the NR anchor carrier which provides the LTE SL configuration, and the LTE anchor carrier which provides the LTE SL configuration.

5:
The following two conditions are needed for UE using cross-RAT configuration:


- UE capability should support cross-RAT configuration;


- UE is authorized to perform based on cross-RAT configuration.

6:
The carrier only providing the anchor carrier configuration should not be prioritized for V2X service during cell reselection.

7:
The cell reselection prioritization rule for the UE camped in LTE Uu should be captured in TS 36.304. The cell reselection prioritization rule for the UE camped in NR Uu should be captured in TS 38.304.

8:
When V2X UE performs cell reselection, for the carriers providing the intra-carrier and inter-carrier SL configuration there is no differentiation in cell reselection.

9:
When V2X UE performs cell reselection, the carrier providing both NR and LTE SL may be prioritized than the carrier only providing NR or LTE SL if the UE is configured by upper layer to perform SL communication for both LTE V2X service and NR V2X service. If the UE is configured by upper layer to perform only NR V2X, the carrier providing NR V2X may be prioritized.

10:
If more than one carrier has the highest priority, the prioritization among them is left to UE implementation. 
However, there are some remaining issues to be clarified, and will be discussed in this paper. 
2 Discussion
2.1  System information for inter-RAT sidelink configuration

According to the agreements, there will be separate SIBs for LTE V2X and NR V2X in LTE Uu and the same design is applied to the NR Uu for the inter-RAT V2X sidelink support. From the UE perspective, it is able to judge whether LTE V2X sidelink communication and NR V2X sidelink communication are supported in the LTE/NR cell by reading the SIBs. In details, if the LTE V2X SIB(s) present, then the cell supports LTE V2X sidelink communication. If the NR V2X SIB presents, then the cell supports NR V2X sidelink communication. It is feasible even if in NR Uu the NR V2X SIB(s) belong to on-demand SI because the UE is able to obtain the existence by reading the SIB scheduling information in SIB1. Therefore, there is no need to introduce extra indications in the system information to indicate the capabilities of V2X sidelink communication.
Proposal 1: The UE judges the cell capabilities of V2X sidelink communication using the presence of LTE/NR V2X associated SIBs.

In previous RAN2 meeting, it was agreed that NR V2X SI can be provided on-demand, however, there is no agreement achieved on whether the LTE V2X SI can be provided on-demand in NR cell. From our perspective, there is no difference between LTE V2X SI and NR V2X SI in a NR cell. Therefore, we propose that the LTE V2X SI in NR cell can be provided on-demand. 

Proposal 2: In NR cell, the LTE V2X SI can be provided on-demand.

In last RAN2 meeting, it was agreed that when performing cell re-selection, the UE shall not prioritize the carrier only providing the anchor carrier configuration. If the neighbor cell broadcasts the V2X SIBs all the time, the UE is able to read the content of the SIBs in advance by implementation when camping on the serving cell. In this case the UE is able to judge whether the neighbor cell should be prioritized.
However, if the NR V2X SI is provided on-demand in the neighbor cell, the UE cannot read the content of the NR V2X SI in advance. In this case, the UE considers the neighbor cell supports NR V2X but it is not able to know whether there is only anchor carrier configuration. Then the UE will be confused whether it should prioritize this neighbor cell.
Observation 1: If the NR V2X SI is provided on-demand in neighbor cell, the UE cannot decide whether the neighbor cell should be prioritized.

To avoid this case, we are thinking there can be three alternative solutions:

Alt1: Introduce a limitation that if the NR V2X SI only provides the anchor carrier configuration, it should not be provided on-demand.

Considering that if the NR V2X SI only provides anchor carrier configuration, then size of this SIB will be quite small. Therefore, it seems ok for the cell to always broadcast it instead of providing on-demand. 

Alt2: If the NR V2X SI is provided on-demand, then the UE does not prioritize this cell.
This solution is able to make sure the UE will not prioritize the cell only provide anchor carrier configuration. But it is also risky that the UE may miss to prioritize the carriers which do provide intra-carrier/inter-carrier sidelink resource pool configuration. This may also impact the UE experience.

Alt3: Leave it to UE implementation.

By this way, it is totally up to UE implementation how to consider one carrier provide on-demand V2X SIB. The UE experience cannot be guaranteed from the perspective of specification.

Proposal 3: RAN2 to discuss how to handle the case where the V2X SI is provided on-demand and the UE is not able to judge whether there is only anchor carrier configuration.

Then, we discuss how to support Proposal 2. In LTE, V2X SIBs include Systeminformationblocktype21 and Systeminformationblocktype26. A UE needs to acquire Systeminformationblocktype21 and Systeminformationblocktype26, when the UE is configured by upper layers to receive or transmit V2X sidelink communication on a frequency and the UE does not have stored valid version of Systeminformationblocktype21 and/or Systeminformationblocktype26. 

In NR, a preamble configuration is used to request an SI message or all SI messages for which si-BroadcastStatus is set to notBroadcasting. A UE also needs to acquire LTE V2X SIBs (i.e. SIBs containing LTE Systeminformationblocktype21 and Systeminformationblocktype26), when the UE is configured by upper layers to perform LTE V2X communication and the UE does not have stored valid version of LTE V2X SIBs. When the UE needs to request LTE V2X SIBs, it can use a preamble configuration to simultaneously request them, regardless of whether they can be mapped to a SI message. In this case, the number of preamble configuration can be saved, and the UE only needs to initiate a Random Access procedure to request all LTE V2X SIBs even if Systeminformationblocktype21 and Systeminformationblocktype26 are mapped to two SI messages. Otherwise, the UE will need to initiate Random Access procedure twice.

Proposal 4: The UE can use a preamble configuration to simultaneously request both LTE V2X SIBs (i.e. Systeminformationblocktype21 and Systeminformationblocktype26), regardless of whether they can be mapped to a SI message.

2.2  Uplink and Downlink signals 
To support NR V2X sidelink communication in LTE Uu, it has been agreed that the NR Sidelink UE Information and NR UE Assistance Information will be transmitted as container (OCTET STRING) in LTE uplink and actual information will be defined in NR RRC. It is beneficial to avoid redundant standard work in RAN2. Therefore, we think it is reasonable to adopt same principle to support LTE V2X sidelink communication in NR Uu, i.e., LTE Sidelink UE Information and LTE UE Assistance Information should also be defined as container (OCTET STRING) in NR RRC and the actual information is what has been specified in LTE RRC. 
Proposal 5: LTE Sidelink UE information and LTE UE Assistance Information are defined as container (OCTET STRING) in NR RRC and the actual information is what has been specified in LTE RRC.
From the perspective of stage3, we further need to consider whether the Sidelink UE Information and/or UE Assistance Information for inter-RAT V2X should be introduced as new IEs or separate new uplink messages. Take the NR Uu supporting LTE V2X communication as an example, there can be two alternative options:

Option1: Introduce an IE, e.g., sidelinkUEInformation-EUTRA, for LTE Sidelink UE Information in the NR SidelinkUEInformation message.

In TS 36.331 the SidelinkUEInformation-r12-IEs IE is specified in SidelinkUEInformation message as following:

SidelinkUEInformation-r12 ::=
SEQUENCE {


criticalExtensions



CHOICE {



c1







CHOICE {




sidelinkUEInformation-r12

SidelinkUEInformation-r12-IEs,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture


SEQUENCE {}


}

}

SidelinkUEInformation-r12-IEs ::=
SEQUENCE {


commRxInterestedFreq-r12


ARFCN-ValueEUTRA-r9



OPTIONAL,


commTxResourceReq-r12



SL-CommTxResourceReq-r12

OPTIONAL,


discRxInterest-r12




ENUMERATED {true}



OPTIONAL,


discTxResourceReq-r12



INTEGER (1..63)




OPTIONAL,


lateNonCriticalExtension


OCTET STRING




OPTIONAL,


nonCriticalExtension



SidelinkUEInformation-v1310-IEs
OPTIONAL

}

Then in TS 38.331, the proposed sidelinkUEInformation-EUTRA IE can be specified as a container including the SidelinkUEInformation-r12-IEs IE defined in TS 36.331 as following:


sidelinkUEInformation-EUTRA



OCTET STRING



OPTIONAL,

	SidelinkUEInformation-EUTRA
Indicates the SidelinkUEInformation-r12-IEs as specified in TS 36.331 [10]. Contains the LTE V2X sidelink infmraiton.


Option2: Introduce a new separate uplink message, e.g., SidelinkUEInformation-EUTRA message including a container for LTE Sidelink UE Information in TS 38.331.
In this option, the IE in the SidelinkUEInformation-EUTRA message will be a container same as that in Option1.
The main difference between Option1 and Option2 is whether it will be separate uplink message for LTE and NR Sidelink UE Information or not. In our understanding, both are feasible, but the RRC specification impact will be different. For example, if Option1 is adopted then the trigger of LTE SidelinkUEInformation message reporting should be also applied to the NR SidelinkUEInformation message reporting, i.e., the change of LTE Sidelink UE Information requires UE to report all set of LTE and NR Sidelink UE Information. 
However, if Option2 is adopted then the NR SidelinkUEInformation message reporting can be independent from the LTE SidelinkUEInformation reporting, i.e., the change of LTE Sidelink UE Information will only trigger NR SidelinkUEInformation-EUTRA message reporting and will not touch the NR SidelinkUEInformation-NR message reporting. In some degree, the Option2 is beneficial to reduce the uplink signal load, i.e., the change of LTE Sidelink UE Information will not require NR Sidelink UE Information redundant reporting, vice versa.
Proposal 6: RAN2 to introduce two separate uplink messages for LTE and NR Sidelink UE Information.

With respect to the UE Assistance Information for inter-RAT V2X communication, we are thinking to apply different principle of the Sidelink UE Information, i.e., introducing a new IEs for inter-RAT UE Assistance Information. Take the LTE UEAssistanceInforamation message as the example, we can introduce a new IE for NR UE Assistance Information as following.
UEAssistanceInformation-v1530-IEs ::=
SEQUENCE {


sps-AssistanceInformation-v1530


SEQUENCE {



trafficPatternInfoListSL-v1530


TrafficPatternInfoList-v1530


}


OPTIONAL,


nonCriticalExtension




UEAssistanceInformation-r16-IEs





OPTIONAL

}

UEAssistanceInformation-r16-IEs ::=
SEQUENCE {


nr-AssistanceInformationSL-r16


OCT STRING





OPTIONAL,


nonCriticalExtension




SEQUENCE {}





OPTIONAL

}

	nr-AssistanceInformationSL
Includes the AssistanceInformationSL (FFS) as specified in TS 38.331 [X]. Contains the traffic characteristics of sidelink logical channel(s) that are setup for NR sidelink communication.


Different from UE Sidelink Information, the content of UE Assistance Information is smaller. Moreover, considering in the existing LTE UEAssistanceInformation message, both the UL traffic pattern information and LTE sidelink traffic pattern information are included. Therefore, we think it is feasible to add NR UE Assistance Information as new IE in the LTE UEAssistanceInformation message. Following the same principle, we propose to add new IE(s) for LTE UE Assistance Information. 
Proposal 7: RAN2 to introduce new IE(s) for inter-RAT UE Assistance Information in LTE and NR UE Assistance Information messages separately.

In previous RAN2 meeting, we have agreed that eNB should be able to configure the NR mode 2 SL resource pool or type 1 configured grant via dedicated signaling, however, there is no conclusion whether it will be also defined as container. Given that we have agreed that when gNB configure LTE mode 4/mode 3 resource via dedicated signaling, container will be defined. Similar logical, regarding to eNB configures the NR mode 2 SL resource pool or type 1 configured grant via dedicated signaling, it will be defined as a container (OCTET STRING) and actual information follows what defined in NR RRC
Proposal 8: The signaling used for eNB configuring NR mode 2 resource pool or SL type 1 configured grant will be defined as a container (OCTET STRING), and actual information is defined in NR RRC.
In the previous RAN1 and RAN2 meeting, the following agreements have been achieved on cross-RAT scheduling.

	Agreements on NR sidelink scheduling by LTE Uu
· LTE Uu to schedule NR sidelink mode 1 is supported: 

· The support is done based on type 1 configured grant with configuration restricted to time/frequency resources & periodicity, with the condition that no additional function/procedure is to be introduced for LTE Uu

· Both DCI based scheduling and type 2 configured grant scheduling are not supported for scheduling NR sidelink mode 1

For NR Uu controlling LTE sidelink, RAN1 made the following agreements:

· Agreements on RRC/DCI based activation/release of LTE sidelink

· RRC-based activation/deactivation is not supported

· DCI-based activation/deactivation is supported 

· Support of LTE PC5 scheduling by NR Uu (mode 3-like ) is based on UE capability

· NR DCI provides the fields of DCI 5A in LTE-V that are related to SPS scheduling



	Agreements on inter-RAT resource allocation: 

· eNB should be able to configure the NR V2X mode 2 sidelink resource pool or type 1 configured grant for NR V2X sidelink communication via dedicated signalling

· gNB should be able to configure the LTE V2X mode 4 sidelink resource pool via dedicated signalling. In addition, gNB should be able to configure mode3 SL resources via dedicated signaling. It will be defined as a container (OCTET STRING) and actual information follows what defined in LTE RRC


We can observe that dynamic scheduling not considered for the cross-RAT controlling case, given that BSR messages are only transmitted to enable dynamic resource allocation, therefore, it is proposed that BSR messages are not included for inter-RAT controlling case.
Proposal 9: No BSR message is introduced for inter-RAT controlling case.
2.3  Cell reselection 

As mentioned above, there are some agreements on cell reselection achieved in last RAN2 meeting. One of them is that when V2X UE performs cell reselection, the carrier providing both NR and LTE SL may be prioritized than the carrier only providing NR or LTE SL if the UE is configured by upper layer to perform SL communication for both LTE V2X service and NR V2X service. 
However, the agreement does not consider the case where the UE is not able to find such a carrier providing both NR and LTE SL. This case was discussed in the E-mail discussion [3] but no consensus was achieved. As we replied in the E-mail discussion, in such s case, it is not appropriate to say LTE SL always has a higher priority or NR SL has a higher priority. Instead, we need to take into consideration the priority of the services which respectively require to be transmitted on LTE SL and NR SL, and prioritize the carrier supporting the SL RAT required by the service(s) with higher priority between LTE SL and NR SL. For example, if the UE has two V2X services to be transmitted with one requiring LTE SL and the other requiring NR SL and the one requiring NR SL service has a higher priority, the UE may consider the carrier supporting NR V2X SL with highest priority. For the other service requiring LTE V2X SL SL, it may only be supported by pre-configuration.
With respect to the comparison between LTE V2X service and NR V2X service, it is feasible because in SA2, the priority in PQI of NR V2X is equivalent to the PPPP of LTE V2X.
Proposal 10: When there are carriers supporting LTE V2X SL only and those supporting NR V2X SL only (but no one supporting both), and if the UE is configured to perform V2X communication on both SL RATs, the UE may prioritize the carrier which supports the SL RAT required by the V2X services with a higher priority between LTE SL and NR SL.

Besides, RAN2 has agreed to support 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, at least when the mode-2 configuration is provided by the SIB. The main purpose of supporting the mode-2 resource configuration for a given validity area is to reduce the service delay/interruption caused by restarting sensing on the new resource pool. Accordingly, during the cell reselection for the UE configured to perform NR SL communication, it is reasonable to consider whether the candidate cells are sharing the same validity area of the current resource pool provided by the SIB. To be specific, when there are more than one candidate cells that satisfy the cell reselection conditions, and at least one of them is within the validity area of the current resource pool provided by the SIB, the UE should reselect to a cell among the candidate cells having the same validity area. 
Proposal 11: When there are more than one candidate cells that satisfy the cell reselection conditions, and at least one of them is within the validity area of the current resource pool provided by the SIB, the UE should reselect to a cell among the candidate cells having the same validity area.
3 Conclusion
In this paper, we have discussed the impact on the LTE Uu and NR Uu to control inter-RAT V2X sidelink, and have the following proposals:

Proposal 1: The UE judges the cell capabilities of V2X sidelink communication using the presence of LTE/NR V2X associated SIBs.

Proposal 2: In NR cell, the LTE V2X SI can be provided on-demand.

Observation 1: If the NR V2X SI is provided on-demand in neighbor cell, the UE cannot decide whether the neighbor cell should be prioritized.

Proposal 3: RAN2 to discuss how to handle the case where the V2X SI is provided on-demand and the UE is not able to judge whether there is only anchor carrier configuration.

Proposal 4: The UE can use a preamble configuration to simultaneously request both LTE V2X SIBs (i.e. Systeminformationblocktype21 and Systeminformationblocktype26), regardless of whether they can be mapped to a SI message.

Proposal 5: LTE Sidelink UE information and LTE UE Assistance Information are defined as container (OCTET STRING) in NR RRC and the actual information is what has been specified in LTE RRC.
Proposal 6: RAN2 to introduce two separate uplink messages for LTE and NR Sidelink UE Information.

Proposal 7: RAN2 to introduce new IE(s) for inter-RAT UE Assistance Information in LTE and NR UE Assistance Information messages separately.

Proposal 8: The signaling used for eNB configuring NR mode 2 resource pool or SL type 1 configured grant will be defined as a container (OCTET STRING), and actual information isdefined in NR RRC.

Proposal 9: When there are carriers supporting LTE V2X SL only and those supporting NR V2X SL only (but no one supporting both), and if the UE is configured to perform V2X communication on both SL RATs, the UE may prioritize the carrier which supports the SL RAT required by the V2X services with a higher priority between LTE SL and NR SL.

Proposal 10: When there are more than one candidate cells that satisfy the cell reselection conditions, and at least one of them is within the validity area of the current resource pool provided by the SIB, the UE should reselect to a cell among the candidate cells having the same validity area.
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