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1 Introduction

In the RAN2#103bis meeting, the following was agreed:

1: 
RAN2 to study and prioritize the Uu control/configuration of NR SL and LTE SL in SA scenarios, i.e. gNB and ng-eNB, as proposed in Figure 1 and 2 (FFS on the support of mode1 for the cross-RAT control).

In RAN2#104, it was agreed that

For cell (re)selection in NR V2X sidelink communication, the cell reselection criterion (i.e. prioritizing frequency giving inter-carrier V2X SL configuration) and configuration (i.e. SL-AnchorCarrierFreqList-V2X) in LTE V2X sidelink communication are taken as the baseline.
In RAN2#105bis, it was agreed that

Agreements on inter-RAT resource allocation: 
1: 
For scheduling LTE SL UEs, the gNB uses RRC messages to deliver the SPS grant configuration.
2:
LTE Uu supports configuration for NR mode-2 operation through RRC signaling and through SIB signaling. However, on demand or per valid area mode-2 configuration via SIB signaling is not supported.
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 this contribution, we further discuss the techniques which needs to be studied to support inter-RAT scheduling.
2 Discussion
In LTE-V2X, the support of Uu control is a mandatory feature, i.e., LTE-V2X UE always support Uu control from eNB.

Observation 1 In LTE-V2X, the Uu control from eNB on LTE SL is a mandatory feature.
Before going into the detailed mechanism for inter-RAT control, one should not assume the inter-RAT control is a mandatory feature, from both network perspective and from UE perspective. In other words, one should take into account that

· From network perspective, a (ng-)eNB is not capable of controlling NR-V2X, or a gNB is not capable of controlling LTE-V2X

· From UE perspective, a LTE-V2X UE does not support Uu controlling from gNB, or a NR-V2X UE does not support Uu controlling from (ng-)eNB;

Besides the RAN capability issue, another is the authentication aspect. According to TR 23.786:

6.20.2.1
Authorization Policy parameters for PC5 Communication

The following Authorization policy/parameters for eV2X communications over PC5 reference point is provisioned to the UE connected to 5GC:

1)
Authorization policy:

-
When the UE is "served by E-UTRA" or "served by NR": 

· PLMNs in which the UE is authorized to perform eV2X communications over PC5 reference point when "served by E-UTRA" or "served by NR".

For each above PLMN: 

· RAT(s) over which the UE is authorized to perform eV2X communications over PC5 reference point.

I.e., even if the RAN and UE is capable to perform inter-RAT control, it might not be authorized to do that. So even though the capability issue can be further considered after stage-3 details are consolidated, one should not assume that the support of inter-RAT control is mandatory.
Proposal 1 RAN2 clarify the support of inter-RAT control is optional.
2.1 Issue-1: Inter-frequency/RAT cell reselection 

The first issue is how for the UE to perform frequency/RAT re-selection in such scenario. According to the agreement from RAN2#104

For cell (re)selection in NR V2X sidelink communication, the cell reselection criterion (i.e. prioritizing frequency giving inter-carrier V2X SL configuration) and configuration (i.e. SL-AnchorCarrierFreqList-V2X) in LTE V2X sidelink communication are taken as the baseline.
Only if the UE support inter-RAT control, the prioritization of inter-RAT frequency is meaningful.

Proposal 2 If UE does not support or is not authorized for inter-RAT operation, UE does not prioritize the frequency which provides inter-RAT SL configuration.
Furthermore, even if the UE supports the inter-RAT control, one left issue is whether UE needs to differentiate between intra- and inter-RAT frequencies. In more detail, there could be two types of cells:
1. Type-1 cell which is only capable of intra-RAT control, e.g., LTE-cell that can control LTE-V2X, or NR-cell that can control NR-V2X;

2. Type-2 cell which is only capable of inter-RAT control, e.g., LTE-cell that can only control NR-V2X, or NR-cell that can only control LTE-V2X;

3. Type-3 cell which are both intra-/inter-RAT control, e.g., LTE-cell that can control LTE-V2X and NR-V2X, or NR-cell that can control NR-V2X and LTE-V2X

It is straightforward that type-1/2/3 cells should be prioritized over the cells which cannot provide control on sidelink, the question is whether there should be further differentiation between the 3 types of cells.
The type-2 cell deployment is feasible, if considering the SA2 agreement that all types of UE, i.e., NR-V2X only, LTE-V2X only and dual NR/LTE-V2X capable UE, are feasible. In other words, for the single mode UE, it is possible that the deployed network only support a single PC5 RAT which is different from the RAT of Uu interface.
The UE includes the PC5 Capability for V2X (i.e. LTE PC5 only, NR PC5 only, both LTE and NR PC5) as part of the "5GMM capability" in the Registration Request message. The AMF stores this information for V2X operation. The PC5 Capability for V2X indicates whether the UE is capable of supporting V2X communication over PC5 reference point and which specific PC5 RAT(s) it supports.

Then if type-2 cell is possible, it is hard to figure out the prioritization order for type-1/2, since the inter-RAT control may be better in terms of coverage, e.g., a LTE-cell, but may be worse since mode-1 inter-RAT scheduling may not be feasible.
Observation 2 There is no straightforward prioritization between inter-RAT-only cell and intra-RAT-only cells.

Furthermore, there is proposal that type-3 cell should be further prioritized compared to Type-1/2 cell, for which the argument is Type-3 cell can provide full network control, i.e., both intra- and inter-RAT control. However, it is not feasible since:
· As in LTE, the service-specific frequency/RAT prioritization only specify the target frequency as highest priority, e.g., for CSG/HSDN/V2X/MBMS and etc. And rely on UE implementation to further differentiate between the service-specific frequency/RAT.

· NOTE 1:
The prioritization among the frequencies which UE considers to be the highest priority frequency is left to UE implementation.

· Or even if one would like to introduce further differentiation in NR, e.g., highest priority vs. second highest priority. There would be side-effect that is hard to solve, e.g., what if for MBMS, frequency/RAT-1 is highest priority, but for V2X, frequency/RAT-1 is second highest priority. If one still would like to rely on the UE implementation as in NOTE-1 above, there is meaningless to define the second-highest priority. 
Observation 3 Further priority differentiation for service-specific frequency/RAT reselection would cause complicated prioritization rule, which is not future proof.
Proposal 3 If UE supports inter-RAT control, UE prioritize the frequency which provides intra-RAT and/or inter-RAT SL configuration. 
Proposal 4 If UE supports inter-RAT control, no further differentiation is needed between frequencies providing intra-RAT and/or inter-RAT control.
2.2 Issue-2: Pre-configuration, SIB or dedicated RRC?
In this sub-section, we discuss which configuration is used for the UE for inter-RAT operation in different scenarios. 
Firstly, if the UE is out-of-coverage, then no doubt that for any PC5-RAT, it has to rely on pre-configuration.
Secondly, if the UE is in-coverage, but in IDLE or INACTIVE state, assuming the UE is authorized to perform PC5 operation for a PC5 RAT
· If the UE itself cannot support inter-RAT control, i.e., the said PC5 RAT is different from the camped Uu RAT, it can only rely on pre-configuration;

· Else, it depends on the RAN network capability, only if network provides the said PC5 RAT related SIB, SIB-based PC5 operation can be performed. Otherwise, UE still has to follow pre-configuration.
Thirdly, if the UE is CONNECTED, similar to IDLE/INACTIVE mode, it is not possible to perform inter-RAT control unless both UE and network support it. 
Proposal 5 For in-coverage UE, if UE is not able to support inter-RAT control from the camped Uu RAT to the PC5 RAT, it relies on pre-configuration.

Proposal 6 For in-coverage UE, if UE is able to support inter-RAT control from the camped Uu RAT to the PC5 RAT, it relies on the non-existence of inter-RAT SIB to decide to use pre-configuration, else to use SIB (for IDLE/INACTIVE)/Dedicated RRC (for CONNECTED) for PC5 operation.

2.3 Issue-3: Inter-RAT BSR
For the inter-RAT, one left issue is the need of BSR for inter-RAT case.

· Option-1 (no inter-RAT BSR): The very baseline is only define a new SUI message for NR-V2X traffic in 38.331, and refer to that in 36.331, while BSR is limited to intra-RAT case, i.e., LTE-BSR (or NR-BSR) is only associated with LTE-SUI (NR-SUI) message, i.e., not introduce BSR format change for inter-RAT case, this is because UAI information is enough for SPS-type traffic;
· Option-2 (inter-RAT BSR + container for SUI): On top of Option-1, inter-RAT BSR can be introduced, either copy the format directly from 36.331 (or 38.331) for LTE-V2X (or NR-V2X) in NR (or LTE) system, or enhance the format defined in 36.331 (or 38.331) to reflect LTE-V2X (NR-V2X) traffic in NR (or LTE) system.
In summary, the following table shows the possible spec impact for the 2 options above. It can be seen that the impact is from light to heavy (the highlighted parts are the ones requires specification work).
Table 1 SUI and BSR design for the inter-RAT scenario

	Options
	SUI in LTE
	BSR in LTE
	SUI in NR
	BSR in NR

	1
	LTE-V2X
	Keep the current format 
	Keep the current format 
	Refer to 36.331 for LTE-V2X reporting
	Not introducing BSR format for it.

	
	NR-V2X
	Refer to 38.331 
	Not introducing BSR format 
	Introduce a new SUI format
	Introduce a new BSR format

	2
	LTE-V2X
	Keep the current format 
	Keep the current format
	Refer to 36.331 for LTE-V2X reporting
	Copy the LTE-BSR to reflect the LTE-SUI message, or base on the newly introduced NR-BSR to reflect the LTE-V2X (reported in LTE-SUI) only or jointly with NR-V2X (reported in NR-SUI)

	
	NR-V2X
	Refer to 38.331 
	Copy the NR-BSR to reflect the NR-SUI message, or enhance the LTE-BSR to reflect the NR-V2X (reported in NR-SUI) only or jointly with LTE-V2X (reported in LTE-SUI)
	Introduce a new SUI format
	Introduce a new BSR format, for NR-V2X only or jointly with LTE-V2X (reported in LTE-SUI)


According to the discussion from RAN1, dynamic scheduling has been ruled for both case, LTE-Uu scheduling NR-SL and vice versa.
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

2. Specify support for NR Uu to provide control for LTE sidelink 

· Sidelink mode 3-like RRC-configured SPS scheduling with either RRC-based activation/deactivation as per the study outcome or DCI-based activation/deactivation [RAN1, RAN2].

Then without dynamic grant for inter-RAT, UAI should be enough for the SPS scheduling.
Observation 4 The effort for inter-RAT BSR is large, which however is not needed considering no support of inter-RAT dynamic scheduling and UAI can be used for SPS scheduling already.
Proposal 7 RAN2 does not pursue BSR for inter-RAT traffic volume reporting.
2.4 Issue-4: Inter-RAT RRC message
As agreed in RAN2#105bis, 
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.
For SIB and dedicated configuration, it was agreed that all can be defined in a container manner, except for the following cases:

1. For NR-V2X SIB broadcasted by eNB;
2. For LTE SUI and UAI message transmitted to gNB;
3. For LTE SL-related MR message transmitted to gNB, and NR SL-related MR message transmitted to eNB;
Proposal 8 When eNB configures NR V2X sidelink communication via dedicated signalling, it will be defined as a container (OCTET STRING) and actual information follows what defined in NR RRC.
Proposal 9 LTE Sidelink UE information and/or LTE UE Assistance information will be transmitted to gNB as container (OCTET STRING) and actual information will be defined in LTE RRC.
Proposal 10 LTE (or NR) sidelink measurement report will be transmitted to gNB (or eNB) as container (OCTET STRING) and actual information will be defined in LTE (or NR) RRC.
3 Conclusion
Based on the discussion in section 2 we have following observations:
Observation 1
In LTE-V2X, the Uu control from eNB on LTE SL is a mandatory feature.
Observation 2
There is no straightforward prioritization between inter-RAT-only cell and intra-RAT-only cells.
Observation 3
Further priority differentiation for service-specific frequency/RAT reselection would cause complicated prioritization rule, which is not future proof.
Observation 4
The effort for inter-RAT BSR is large, which however is not needed considering no support of inter-RAT dynamic scheduling and UAI can be used for SPS scheduling already.


Based on the observations, we propose:
Proposal 1
RAN2 clarify the support of inter-RAT control is optional.
Proposal 2
If UE does not support or is not authorized for inter-RAT operation, UE does not prioritize the frequency which provides inter-RAT SL configuration.
Proposal 3
If UE supports inter-RAT control, UE prioritize the frequency which provides intra-RAT and/or inter-RAT SL configuration.
Proposal 4
If UE supports inter-RAT control, no further differentiation is needed between frequencies providing intra-RAT and/or inter-RAT control.
Proposal 5
For in-coverage UE, if UE is not able to support inter-RAT control from the camped Uu RAT to the PC5 RAT, it relies on pre-configuration.
Proposal 6
For in-coverage UE, if UE is able to support inter-RAT control from the camped Uu RAT to the PC5 RAT, it relies on the non-existence of inter-RAT SIB to decide to use pre-configuration, else to use SIB (for IDLE/INACTIVE)/Dedicated RRC (for CONNECTED) for PC5 operation.
Proposal 7
RAN2 does not pursue BSR for inter-RAT traffic volume reporting.
Proposal 8
When eNB configures NR V2X sidelink communication via dedicated signalling, it will be defined as a container (OCTET STRING) and actual information follows what defined in NR RRC.
Proposal 9
LTE Sidelink UE information and/or LTE UE Assistance information will be transmitted to gNB as container (OCTET STRING) and actual information will be defined in LTE RRC.
Proposal 10
LTE (or NR) sidelink measurement report will be transmitted to gNB (or eNB) as container (OCTET STRING) and actual information will be defined in LTE (or NR) RRC.
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