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1 Introduction

In the RAN1#94 meeting, the following agreement was reached
· RAN1 to further study whether some or all of Mode-2(b) functionality is a part of Mode-2(a)(c)(d).
Furthermore, in RAN1 AH-1901, the following agreement is reached

· At least for the purpose of evaluation, in Mode-2(d), at least for group operation, a member UE transmits on resources configured by another UE (S-UE) within the same group

· High layer signaling is assumed between S-UE and a member UE
In this contribution, we discuss the general resource allocation framework considering different types of communication, uni/group/broadcast.
2 Discussion
In RAN1#94, different operation modes are agreed, i.e., in addition to mode-1/2 (which is similar to legacy V2X mode-3/4), further variation like mode-2 b/c/d are introduced. In legacy LTE, each UE can only operate in one mode, either mode-3 or mode-4.

Observation 1 LTE-V2X only allows single operation mode (mode-3 or mode-4) for each UE.
Now the first question is whether a UE should be allow to operate in multiple modes, which can be further divided into 5 sub-cases, as shown in Figure 1.
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Figure 1 Different cases for mixed resource allocation modes

2.1 Inter-RAT mix-mode operation

Considering that a UE may be a dual-RAT UE, i.e., supporting both LTE-V2X and NR-V2X. However, it may fail to operate in mode-1 for both RATs, since
· Either the network node is not able to provide mode-1 control for both RAT, i.e., not able to provide both intra- and inter-RAT control from a single node (NOTE that we already exclude the case of DC-architecture, so that the sidelink control can only come from a single network node);

· Or the UE is not able to support inter-RAT control, i.e., the inter-RAT control can be optional feature from UE capability perspective.

In this case, if the UE still would like to stick to the single mode requirement, it can only either reject the mode-1 operation (so that fall back to mode-2 operation on both RATs), or drop the operation on the other RAT (so only operate in mode-1 on one single RAT) – both of which cause some unnecessary restriction.

Observation 2 The capability limitation of either network or UE side causes the UE should be allowed to operate in different modes on different sidelink RATs.

Proposal 1 Allow UE to operate in different modes on different sidelink RATs.
As discussed in RAN2#103bis, the further specification work on mixed mode in LTE-V2X should be pursed.
Proposal 2 No further specification effort is pursued for mixed mode in LTE-V2X.

2.2 Inter-carrier mix-mode operation

In RAN2#103bis, some discussion was triggered by [3], which claims that the mixed mode is need to handle carrier-1 relying on mode-3 and carrier-2 relying on pre-configuration. In TS 23.285, SA2 defines two types of ITS spectrum: operator-managed and non-operator-managed 

2)
Radio parameters for when the UE is "not served by E-UTRAN":

-
Includes the radio parameters with Geographical Area(s) and an indication of whether they are "operator managed" or "non-operator managed. These radio parameters (e.g. frequency bands) are defined in TS 36.331 [9]. The UE uses the radio parameters to perform V2X communications over PC5 reference point when "not served by E-UTRAN" only if the UE can reliably locate itself in the corresponding Geographical Area. Otherwise, the UE is not authorized to transmit.

NOTE 1:
Whether a frequency band is "operator managed" or "non-operator managed" in a given Geographical Area is defined by local regulations.

Where operator-managed case is more for Asia and non-operator-managed case is more for America and Europe. In short, for a specific area, there is only one type of carrier, i.e., operator-managed or non-operator-managed. There is no such definition of licensed or non-licensed carrier differentiation.
Observation 3 V2X carrier is categorized as operator-managed or non-operator-managed case, instead of licensed or unlicensed. And the categorization is area-specific.

If one targets at a mixed mode-1/2 (or mixed mode-3/4) case, it means 1) for some carrier, the resource is scheduled via mode-1, while 2) for some carrier, the resource is scheduled via mode-2. Considering the usage of mode-1 is limited to operator-managed case, and currently it is only Asia Pacific area.
Observation 4 Inter-carrier mixed mode can only target at operator-managed case defined by SA2, i.e., more for Asia Pacific area.
According to [4], the number of allocated ITS channel till now in Asia are all less than 7, i.e., could be fully configured / controlled by current Stage-3 design in R15 LTE-V2X, i.e., there is no technical issue like SIB size which was a problem in R14 LTE-V2X. It is not clear why operator only target at control of specific spectrum but leave the other spectrum to pre-configuration.
Observation 5 According to the current ITS spectrum allocation status in Asia Pacific, the number of ITS carrier is less than 7, which can be already handled by LTE design very well.
Proposal 3 If RAN2 pursue the inter-carrier mix-mode operation, the use case needs to be further clarified.

2.3 Inter-cast mix-mode operation
In NR-V2X, there are more than two modes defined (considering the mode-2a/b/c/d), and it further includes uni/group-cast in addition to broadcast. Although the details of mode-2b/c/d are still under discussion in RAN1, the issue of single or mixed operation modes worth some further discussion. In general, different modes can be categorized as follows:
· Type-A (mode-1): scheduling by network;

· Type-B (mode-2a): scheduling by TX-UE itself;

· Type-C (mode-2d): scheduling by other UE;
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Figure 2 Different types of control for NR-V2X
Observation 6 For NR-V2X, the modes being studied can be categorized into 3 types, where the scheduling decision is made by network, by TX-UE itself and by another UE.
In general, if we stick to single operation mode, it is OK for UE to rely on Type-A or Type-B scheduling only, but hard to rely on type-C (mode-2b/2d) only. Because it is hard for UE to operate in mode-2b/2d for broadcast traffic where there is no counterpart UE, it is possible that for 
- For broadcast traffic, type-A/B scheduling is used;

- For unicast / groupcast traffic, type-C scheduling is used;

Observation 7 For NR-V2X, the UE cannot rely on type-C scheduling (scheduled by another UE) alone, since it is not applicable to broadcast traffic.
Proposal 4 Allow mixed operation mode for different cast type, for the use case that resource is scheduled by TX-UE itself or the network for broadcast traffic, but scheduled by another UE for unicast / groupcast traffic.

2.4 Inter-Session mix-mode operation

Even within unicast / groupcast type, one cannot ensure the UE can use type-C only. Because even if a UE is scheduled by other UE in a unicast / groupcast session A, it may work in type-A/B in a unicast / groupcast session B, because

· It is the scheduling UE but not the scheduled one; or

· The peer UE does not support type-C, so both have to work in type-A/B.
Observation 8 The support on mode-2d can be optional from UE capability perspective, so one cannot assume all UEs can act as the controller.
Observation 9 Even if mode-2b/2d is a mandatory feature, it is hard to assume each TX-UE would be always controlled by other UE(s), i.e., it is possible that a TX-UE act as controller for some unicast/group-cast session.

Therefore, it motivates the scheduling mode is separately decided for each sidelink communication session – for each session, TX_UE can decide to work in type-A, type-B or type-C scheduling mode.

Proposal 5 Allow mixed operation mode for different session of unicast / groupcast traffic.
2.5 Inter-LCH mix-mode operation
A further use case of mix-mode operation is for different QoS requirement, i.e, 

· For LCH1 with QoS requirement 1, it adopts mode-1 scheduling;

· For LCH2 with QoS requirement 2, it adopts mode-2 scheduling;

The logic here seems different resource selection mode can only satisfy a sub-set of QoS requirement, but it is not clear which operation mode is less capable than the other operation mode. 

Observation 10 The motivation of mix-mode operation for different QoS requirement is not clear.

Proposal 6 If RAN2 pursue the mix-mode operation for different QoS requirement, the use case needs to be further clarified.

3 Conclusion
Based on the discussion in section 2 we have following observations:
Observation 1
LTE-V2X only allows single operation mode (mode-3 or mode-4) for each UE.
Observation 2
The capability limitation of either network or UE side causes the UE should be allowed to operate in different modes on different sidelink RATs.
Observation 3
V2X carrier is categorized as operator-managed or non-operator-managed case, instead of licensed or unlicensed. And the categorization is area-specific.
Observation 4
Inter-carrier mixed mode can only target at operator-managed case defined by SA2, i.e., more for Asia Pacific area.
Observation 5
According to the current ITS spectrum allocation status in Asia Pacific, the number of ITS carrier is less than 7, which can be already handled by LTE design very well.
Observation 6
For NR-V2X, the modes being studied can be categorized into 3 types, where the scheduling decision is made by network, by TX-UE itself and by another UE.
Observation 7
For NR-V2X, the UE cannot rely on type-C scheduling (scheduled by another UE) alone, since it is not applicable to broadcast traffic.
Observation 8
The support on mode-2d can be optional from UE capability perspective, so one cannot assume all UEs can act as the controller.
Observation 9
Even if mode-2b/2d is a mandatory feature, it is hard to assume each TX-UE would be always controlled by other UE(s), i.e., it is possible that a TX-UE act as controller for some unicast/group-cast session.
Observation 10
The motivation of mix-mode operation for different QoS requirement is not clear.


Based on the observations, we propose:
Proposal 1
Allow UE to operate in different modes on different sidelink RATs.
Proposal 2
No further specification effort is pursued for mixed mode in LTE-V2X.
Proposal 3
If RAN2 pursue the inter-carrier mix-mode operation, the use case needs to be further clarified.
Proposal 4
Allow mixed operation mode for different cast type, for the use case that resource is scheduled by TX-UE itself or the network for broadcast traffic, but scheduled by another UE for unicast / groupcast traffic.
Proposal 5
Allow mixed operation mode for different session of unicast / groupcast traffic.
Proposal 6
If RAN2 pursue the mix-mode operation for different QoS requirement, the use case needs to be further clarified.


4 Reference

[1] RP-181480, New SID: Study on NR V2X.
[2] R2-1813565, Discussion on Sidelink Unicast, Groupcast and Broadcast for NR-V2X, OPPO. 
[3] R2-1815421
Simultaneous uses of both of carriers provided by eNB and only allowed to use in OOC_v2
LG Electronics.

[4] White Paper on ITS spectrum utilization in the Asia Pacific Region, 5GAA

1/5


