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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 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.

-
When the UE is "not served by E-UTRA" and "not served by NR": 
· Indicates whether the UE is authorized to perform eV2X communications over PC5 reference point when "not served by E-UTRA" and "not served by NR".

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

I.e., even if the RAN is capable to perform inter-RAT control, it might not be authorized to do that.
Proposal 1 RAN2 clarify the support of inter-RAT control is optional, both from network perspective and from UE perspective.
In the following, we consider the scenario as shown in Figure 1, where the dual-mode UE (which is both LTE SL capable and also NR SL capable), experiencing 3 different coverage cases (from left to right): LTE-coverage only, LTE and NR coverage at the same time, and NR-coverage only. And we ignore the authentication issue in the following text, i.e., assuming inter-RAT control is authorized.
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Figure 1 The scenario of inter-RAT control
2.1 Issue-1: Impact on cell reselection due to inter-RAT control

The first issue is how for the UE to perform RAT 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 1) prioritization of inter-RAT frequency and 2) (pre-)configuration of inter-RAT anchor frequency is meaningful.

Proposal 2 If UE does not support inter-RAT control, 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 frequency.

· On the one hand, inter-RAT control may be less capable compared to intra-RAT control, e.g., the support of inter-RAT mode-1 control is still FFS.

· On the other hand, inter-RAT control may be better than intra-RAT control due to, e.g., the larger coverage of LTE compared to NR.

So even if further differentiation is needed between inter- and intra-RAT frequency, it would be difficult to figure out a pre-fixed rule, and it would be more flexible to make it configurable.

Proposal 3 If UE supports inter-RAT control, UE prioritize the frequency which provides intra-RAT / inter-RAT SL configuration. FFS on whether further differentiation is needed between intra-RAT and inter-RAT frequency.
2.2 Issue-2: When to follow inter-RAT control?
2.2.1 UE is only in inter-RAT Uu coverage (out of intra-RAT Uu coverage)
This is for the case where the UE is only in (ng-)eNB coverage or only in gNB coverage. In this case, the LTE-V2X (or NR-V2X) can be controlled by (ng-)eNB (or gNB), and thus the left issue is 

· Whether NR-V2X module relies on (ng-)eNB control or not;

· Whether LTE-V2X module relies on gNB control or not;

The general principle could be that if network is capable and would like to provide inter-RAT, and also the UE supports the inter-RAT control, the inter-RAT control can be done – otherwise, the UE needs to rely on pre-configuration.
Observation 2 UE operates in inter-RAT control mode only if 1) network can provide inter-RAT control, and 2) UE capability supports inter-RAT control.
In more details, w.r.t. how to implement the criterion above

· If the UE itself is not capable of following inter-RAT control, it can simply rely on intra-RAT coverage (i.e., for LTE-V2X, whether there is LTE Uu coverage, or for NR-V2X, whether there is NR Uu coverage) to judge whether pre-configuration should be used;
· Or if the inter-RAT is supported from UE perspective, it needs to further rely on network indication to know whether the network is able / would like to provide inter-RAT control, either in SIB for RRC_Idle UE or in dedicated RRC for RRC_Connected UE. This network indication can be simply the existence of inter-RAT configuration signalling.
Proposal 4 If UE is not able to support inter-RAT control for a specific PC5 RAT (LTE-V2X or NR-V2X), it relies on pre-configuration when it is out of intra-RAT Uu coverage for the concerned PC5 RAT.
Proposal 5 If UE is able to support inter-RAT control for a specific PC5 RAT (LTE-V2X or NR-V2X), it would rely on network indication to decide whether to use pre-configuration when it is in inter-RAT Uu coverage for the concerned PC5 RAT. FFS on the network indication design.
2.2.2 UE is in both intra/inter-RAT Uu coverage 
There could be different cases (which is general for both idle and connected UE):

A. UE only follows the Uu configuration of a single RAT: in this case, assume the UE is camping on Uu RAT 1 (e.g., LTE, no matter in RRC_connected or RRC_idle UE), it only follow the configuration of RAT1 – If RAT1 (i.e., LTE) is capable of doing inter-RAT control (i.e., controlling NR-V2X), the UE would follow that; otherwise, the UE would follow pre-configuration, even if it is within a Uu coverage as well.

B. UE would follow the Uu configuration of both RAT: in this case, for example, for NR-V2X, there might be two source of Uu configuration, either from LTE-Uu in an inter-RAT control way, or from NR-Uu in an intra-RAT control. Further criterion can be design to figure out in which case, the UE would follow which configuration (the inter-RAT from LTE-Uu, or the intra-RAT control from NR-Uu).

Observation 3 When a UE is in both LTE and NR coverage, it may have two source of Uu control for sidelink.
Comparing case-A and case-B above, case-A is more compatible with Uu procedure, i.e., 
· For RRC_Idle state, the UE is only required to do measurement and SIB-reading on one frequency/RAT, when the quality of the frequency/RAT is good enough. So that we have a slight preference on case-A.

· For RRC_Connected state, the UE is not assume to perform the measurement and SIB-reading on other frequency/RAT unless it is configured by network. Furthermore, when a UE it is in the coverage of both LTE and Uu, for RRC_connected UE, according to the agreement from RAN2#103bis, the simultaneous control from two network nodes are down-prioritized, i.e., even if the UE is in the coverage of both LTE-Uu and NR-Uu, only a single node is controlling the UE.

Observation 4 For RRC_Connected UE, RAN2 currently focuses on the scenario that only one node controls the sidelink.

Therefore, we slightly prefer the case-A above.

Proposal 6 RRC_Idle UE would only refer to the camped RAT for Uu control, but ignore the configuration from other non-camped RAT.
Proposal 7 RRC_connected UE would only refer to the access RAT for Uu control, but ignore the configuration from other non-accessed RAT.
2.3 Issue-2: How to do inter-RAT control?
Here the RRC messages are in two directions:

· For DL: SIB and dedicated RRC

· For UL: SidelinkUEInformation and UEAssistanceInformation;

Looking at the current status of NR for Uu interface, the RRC messages are defined in 36.331 and 38.331 separately for E-UTRAN and NR related procedures – then the issue for sidelink is how to enable the inter-RAT RRC configuration:

· Either similarly, if assume LTE/NR-V2X configuration is to be defined in 36.331 / 38.331 separately, one just needs to define an octet string in one specification, as a container, by referring to another specification, i.e., 36.331 refer to 38.331 when LTE Uu is to configure / report for NR sidelink, or 38.331 refers to 36.331 when NR Uu is to configure/ report for LTE sidelink. 

· Or another solution is to introduce LTE-V2X related configuration into 38.331 explicitly and introduce NR-V2X related configuration into 36.331 explicitly.
Observation 5 Comparing the two solutions above, the latter one would introduce more specification effort, and the former is similar to the current method for 36.331/38.331 split.
Proposal 8 RRC messages for inter-RAT control is defined in a container way to avoid duplicated ASN.1 specification effort in both 36.331 and 38.331.
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
UE operates in inter-RAT control mode only if 1) network can provide inter-RAT control, and 2) UE capability supports inter-RAT control.
Observation 3
When a UE is in both LTE and NR coverage, it may have two source of Uu control for sidelink.
Observation 4
For RRC_Connected UE, RAN2 currently focuses on the scenario that only one node controls the sidelink.
Observation 5
Comparing the two solutions above, the latter one would introduce more specification effort, and the former is similar to the current method for 36.331/38.331 split.


Based on the observations, we propose:
Proposal 1
RAN2 clarify the support of inter-RAT control is optional, both from network perspective and from UE perspective.
Proposal 2
If UE does not support inter-RAT control, 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 / inter-RAT SL configuration. FFS on whether further differentiation is needed between intra-RAT and inter-RAT frequency.
Proposal 4
If UE is not able to support inter-RAT control for a specific PC5 RAT (LTE-V2X or NR-V2X), it relies on pre-configuration when it is out of intra-RAT Uu coverage for the concerned PC5 RAT.
Proposal 5
If UE is able to support inter-RAT control for a specific PC5 RAT (LTE-V2X or NR-V2X), it would rely on network indication to decide whether to use pre-configuration when it is in inter-RAT Uu coverage for the concerned PC5 RAT. FFS on the network indication design.
Proposal 6
RRC_Idle UE would only refer to the camped RAT for Uu control, but ignore the configuration from other non-camped RAT.
Proposal 7
RRC_connected UE would only refer to the access RAT for Uu control, but ignore the configuration from other non-accessed RAT.
Proposal 8
RRC messages for inter-RAT control is defined in a container way to avoid duplicated ASN.1 specification effort in both 36.331 and 38.331.
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