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1
Introduction
In the last RAN2 meeting, the impact of NR V2X sidelink communication on the cell reselection was discussed and the following agreements were achieved:

Agreements on cell (re)selection: 
1: 
For cell selection, NR V2X UE can follow the current NR cell selection procedure.

2:
For cell reselection, NR V2X UE who interested in SL V2X communication needs to consider at least the SL RAT(s) supported by the cell. Moreover, the supported SL RAT(s) of the UE capability or the selected SL RAT(s) by the upper layer for the V2X service(s) may also need to be considered.
In this contribution, we would like to have a detailed discussion based on the achieved agreements and some related proposals will be provided.

2
Discussion
In LTE, impacts on the cell reselection procedure which were brought about by LTE V2X SL communication are specified as follows [1]:
If the UE capable of V2X sidelink communication is configured to perform V2X sidelink communication and can only perform the V2X sidelink communication while camping on a frequency, the UE may consider that frequency to be the highest priority. If the UE capable of V2X sidelink communication is configured to perform V2X sidelink communication and can only use pre-configuration while not camping on a frequency, the UE may consider the frequency providing inter-carrier V2X sidelink configuration to be the highest priority.
During the E-mail discussion [106#78] on cell reselection, companies mentioned that in LTE V2X SL there is an understanding that the LTE frequency providing intra-carrier SL configuration has higher priority than the LTE frequency providing inter-carrier and proposed to reuse the LTE rule. However, other companies had different understanding on this point.

Considering that the pure LTE V2X SL impacts on the LTE Uu is out of the NR V2X WID scope, we do not think it is necessary to pay more attention to clarify the LTE V2X SL specification. However, we need to discuss whether prioritizing the frequency providing intra-carrier SL configuration over the inter-carrier SL configuration is really deemed as necessary for NR SL. From the perspective of NR V2X service, our understanding is that inter-carrier SL configuration intra-carrier SL configuration do not make any difference. According to the existing design, the configuration and scheduling of intra-carrier SL and inter-carrier SL are nearly the same and we think both can provide same performance. Therefore, we propose not to distinguish the intra-carrier case and the inter-carrier case to simplify the modelling of cell reselection.
Proposal 1: From the perspective of NR SL, there is no need to distinguish the priority between the frequencies providing intra-carrier SL configuration and those inter-carrier SL configuration.
Based on this assumption, from the perspective of supported SL RAT(s), the Uu carrier can be categorised as follows for LTE and NR separately:

· LTE Uu:
· LTE frequency supporting only LTE SL,

· LTE frequency supporting only NR SL,

· LTE frequency supporting both LTE SL and NR SL,
· NR Uu:
· NR frequency supporting only LTE SL.

· NR frequency supporting only NR SL,

· NR frequency supporting both LTE SL and NR SL.
According to the agreements achieved in RAN2, the UE capability and requirements of V2X services should also be taken into account. With respect to the UE capability, it includes SL capability and Uu capability. For different Uu interface, there will be separate specifications to capture the related impacts, i.e., TS 36.304 for LTE Uu and TS 38.304 for NR Uu. Then when categorising the UEs, we need to distinguish the Uu separately, i.e., from the perspective of standard, we do need to consider one UE supporting both LTE Uu and NR Uu. Based on this assumption, we prefer to categorise the UEs as follows from the perspective of standard impacts:

· In LTE Uu specification, i.e., TS 36.304:
· UE supporting only LTE SL in only LTE Uu,
· UE supporting only NR SL in only LTE Uu,
· UE supporting both LTE SL and NR SL in only LTE Uu,
· UE supporting only LTE SL in both LTE Uu and NR Uu,

· UE supporting only NR SL in both LTE Uu and NR Uu,

· UE supporting both LTE SL and NR SL in both LTE Uu and NR Uu,

· In NR Uu specification, i.e., TS 38.304:
· UE supporting LTE SL only in only NR Uu,

· UE supporting NR SL only in only NR Uu,

· UE supporting both LTE SL and NR SL in only NR Uu.

· UE supporting LTE SL only in both NR Uu and LTE Uu,

· UE supporting NR SL only in both NR Uu and LTE Uu,

· UE supporting both LTE SL and NR SL in both NR Uu and LTE Uu.

In addition, we also need to take the UE authorization into account. It is possible that the UE capability and the UE authorization are not aligned with each other, e.g., the UE supports LTE SL and NR SL but it is not authorized to perform NR SL communication. In this case, the fact is the UE can perform LTE SL communication only even if it has NR SL capability. Similarly, there will be some other combination of capability and authorization; however, if we list all the possibilities, it will cost a long paragraph. To simplify the description, we prefer to bundle the impact of UE capability and UE authorization. Taking the LTE description as a reference, we think maybe it is better to define UE is capable of LTE/NR SL communication as the UE supports LTE/NR SL and is authorized to perform LTE/NR SL communication. Then also taking the Uu into account, the UE can be categorise as follows:
· In LTE Uu specification:
· UE capable of only LTE SL in only LTE Uu,

· UE capable of only NR SL in only LTE Uu,

· UE capable of both LTE SL and NR SL in only LTE Uu,

· UE capable of only LTE SL in both LTE Uu and NR Uu,

· UE capable of only NR SL in both LTE Uu and NR Uu,

· UE capable of both LTE SL and NR SL in both LTE Uu and NR Uu,

· In NR Uu specification:
· UE capable of only LTE SL in only NR Uu,

· UE capable of only NR SL in only NR Uu,

· UE capable of both LTE SL and NR SL in only NR Uu,

· UE capable of only LTE SL in both NR Uu and LTE Uu,

· UE capable of only NR SL in both NR Uu and LTE Uu,

· UE capable of both LTE SL and NR SL in both NR Uu and LTE Uu,

Proposal 2: Define the UE capable of LTE/NR SL communication as the UE supports LTE/NR SL and is authorized to perform LTE/NR SL communication.

Proposal 2bis: Categorize the UEs including UE capable of LTE SL only, UE capable of NR SL only and UE capable of both LTE SL and NR SL for LTE Uu and NR Uu, separately.

According to the above categorization, there will be one case where the LTE frequency support LTE SL only and the UE is capable of LTE SL only. To this case, it is out of the WID scope and in fact it has been specified in Rel-14 LTE V2X SL WID. Therefore, we think we do not need to introduce any impact to the existing LTE specification for LTE V2X SL only case.

Proposal 3: Do not introduce any impact to the existing priority order of LTE Uu carriers for UE supporting only LTE V2X SL SL.

To simplify the discussion, we would like to take the NR specification impact as the example to show the possible impacts. As mentioned above, based Proposal 1 there can be at most six types of Uu frequency and six types of UE. From the perspective of a UE, the priority order of Uu frequencies can be different for different UE types. For example, for the UE capable of only NR SL only in NR Uu, the NR frequency supporting NR SL and the NR frequency supporting NR SL can be the first priority. Because both these two NR frequencies are able to provide the NR SL configurations to support the NR V2X service communication, then from the perspective of the UE, both can be considered as first priority. Based on this understanding, all the possibilities can be listed as follows in Table 1.
Table 1: Uu frequency priority order for each UE type

	#
	UE Types
	Uu Types
	Priority

	1
	UE capable of only LTE SL only in NR Uu
	NR Frequency support only LTE SL
	1

	
	
	NR Frequency support only NR SL
	-

	
	
	NR Frequency support both LTE and NR SL
	1

	
	
	LTE Frequency support only LTE SL
	-

	
	
	LTE Frequency support only NR SL
	-

	
	
	LTE Frequency support both LTE and NR SL
	-

	2
	UE capable of only NR SL in only NR Uu
	NR Frequency support only LTE SL
	-

	
	
	NR Frequency support only NR SL
	1

	
	
	NR Frequency support both LTE and NR SL
	1

	
	
	LTE Frequency support only LTE SL
	-

	
	
	LTE Frequency support only NR SL
	-

	
	
	LTE Frequency support both LTE and NR SL
	-

	3
	UE capable of both LTE and NR SL in only NR Uu
	NR Frequency support only LTE SL
	2

	
	
	NR Frequency support only NR SL
	2

	
	
	NR Frequency support both LTE and NR SL
	1

	
	
	LTE Frequency support only LTE SL
	-

	
	
	LTE Frequency support only NR SL
	-

	
	
	LTE Frequency support both LTE and NR SL
	-

	4
	UE capable of only LTE SL in both NR Uu and LTE Uu
	NR Frequency support only LTE SL
	1

	
	
	NR Frequency support only NR SL
	-

	
	
	NR Frequency support both LTE and NR SL
	1

	
	
	LTE Frequency support only LTE SL
	1

	
	
	LTE Frequency support only NR SL
	-

	
	
	LTE Frequency support both LTE and NR SL
	1

	5
	UE capable of only NR SL in both NR Uu and LTE Uu
	NR Frequency support only LTE SL
	-

	
	
	NR Frequency support only NR SL
	1

	
	
	NR Frequency support both LTE and NR SL
	1

	
	
	LTE Frequency support only LTE SL
	-

	
	
	LTE Frequency support only NR SL
	1

	
	
	LTE Frequency support both LTE and NR SL
	1

	6
	UE capable of both LTE and NR SL in both NR Uu and LTE Uu
	NR Frequency support only LTE SL
	2

	
	
	NR Frequency support only NR SL
	2

	
	
	NR Frequency support both LTE and NR SL
	1

	
	
	LTE Frequency support only LTE SL
	2

	
	
	LTE Frequency support only NR SL
	2

	
	
	LTE Frequency support both LTE and NR SL
	1


Furthermore, according to the agreements, we also need to consider the impact of the selected SL RAT(s) by the upper layer for the V2X service(s). In the SI stage, RAN2 and SA2 have agreed that the RAT selection should be performed by the V2X layer and the selection result can be LTE V2X SL or NR SL. Therefore, from the perspective of the SL RAT(s) required by the V2X services, the UE can be categorised as follows: 

· UE configured to perform only LTE V2X SL communication,
· UE configured to perform only NR SL communication,
· UE configured to perform both LTE V2X SL communication and NR SL communication.
In our understanding, if the UE is configured to perform LTE/NR SL communication, the pre-condition should be the UE is capable of LTE/NR SL communication. By contrast, in theory it is possible that the UE is capable of LTE/NR SL communication, but the UE is not configured to perform LTE/NR SL communication. For example, the UE is capable of both LTE and NR SL; however, it is configured to perform only NR SL communication by the upper layers. In this case, the last bullet above should be extended to three sub-bullets: one for only LTE SL communication, one for only NR SL communication and one for both LTE and NR SL communication. For the three cases, the priority orders are different.
Observation 1: When taking the SL RATs required by the services into account separately, the priority order may be impacted.

However, from the perspective of standardization, if we do introduce the UE capability, authorization information and service requirement separately for all cases, it will increase the standard efforts a lot. In fact, when we combine the UE capability, authorization and service requirement together, we can find that if the three factors are not aligned with each, it can always be fallen back to the other cases. For example, the priority order for the Case 6 in Table 1 can be fallen to Case 5 when the UE is configured to perform only NR SL communication, instead of both LTE and NR SL communication.
Keeping this in mind, we think we do not need to specify the case where the UE capability, authorization information and service requirement are not aligned. In other words, we only specify the case where the UE capability, authorization information and service requirement are coordinated with each other.
Proposal 4: In RAN2 specification, we only define the priority order for the case where the UE capability, authorization information and service requirement are coordinated.

In addition, we need to pay more attention to Case 3 and Case 6 where the UE is capable of both LTE and NR SL. For these UEs, when the frequencies with the first priority are not available, we then need to consider how to order the available frequencies with second priority. As illustrated in Figure 1, there are two frequencies with the second priority; however, they can provide different SL RAT support, i.e., frequency 1 for LTE SL and frequency 2 for NR SL. 
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Figure 1: UE cell reselection for V2X SL communication
As we discussed above, in this case, the UE is configured to perform LTE and NR SL communication. In such cases, we think 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 frequency 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 frequency(ies) supporting NR V2X SL with highest priority and select a suitable cell to camp on. For the other service requiring LTE V2X SL SL, it may only be supported by pre-configuration.

Proposal 5: When there are frequency(ies) 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 a frequency 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 6: 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

This paper discusses the NR V2X impacts on cell reselection, and we have the following observation and proposal:
Observation 1: When taking the SL RATs required by the services into account separately, the priority order may be impacted.
Proposal 1: From the perspective of NR SL, there is no need to distinguish the priority between the frequencies providing intra-carrier SL configuration and those inter-carrier SL configuration.
Proposal 2: Define the UE capable of LTE/NR SL communication as the UE supports LTE/NR SL and is authorized to perform LTE/NR SL communication.

Proposal 2bis: Categorize the UEs including UE capable of LTE SL only, UE capable of NR SL only and UE capable of both LTE SL and NR SL for LTE Uu and NR Uu, separately.

Proposal 3: Do not introduce any impact to the existing priority order of LTE Uu carriers for UE supporting only LTE V2X SL SL.

Proposal 4: In RAN2 specification, we only define the priority order for the case where the UE capability, authorization information and service requirement are coordinated.

Proposal 5: When there are frequency(ies) 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 a frequency which supports the SL RAT required by the V2X services with a higher priority between LTE SL and NR SL.
Proposal 6: 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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