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1	Introduction
V2X support in a multi-carrier and multi-PLMN scenarios was discussed during the related e-mail discussion and V2X conference call held in January. The call resulted in the following list of the “agreeable proposals”:
1. Support mode-4 inter-carrier configuration for V2x sidelink communication
2. Use both SIB21 and RRC dedicated signalling to carry the inter-carrier configuration for mode-4
3. For inter-carrier configuration of mode-4, the selection of the carrier and corresponding TX/RX resource pool is up to UE implementation.   FFS if some additional mechanisms/configuration is needed.  
4. No additional enhancement is needed for mode-3 to support inter-carrier configuration.  FFS whether more than one resource pool needs to be configured for mode-3 to allow configuration of pools with different synchronization types.  
5. Support inter-carrier configuration of RX resource pool for V2x sidelink communication
6. Proposal 6 and 7 need to be discussed together and will be treated in the next meeting based on contributions.  
7. Enable the UE to read from other PLMNs the RX resource pool configuration.  
8. The serving eNB can indicate to the UE the RX resource configuration for inter-PLMN operation directly.    FFS what information is indicated (e.g. provide the frequency which the UE should read the resource configuration from or the full configuration).   FFS if the eNB can indicate the TX resource configuration/pool, provide just the frequency for tx pool acquisition, or nothing for inter-PLMN operation.  
9. Enhance legacy ProSe capability signalling to multi-carrier sidelink V2V operations
10. Enhance SidelinkUEInformation signalling to allow UE to report multiple interested carriers for V2X sidelink transmission/reception.  FFS what and how this information is used or chosen by the UE (e.g. safety/non-safety).
11. FFS what is the maximum number of carriers to be configured for V2x PC5 communication. 

It is also worth keeping in mind the agreements from the previous meetings:
	RAN2#95-bis:
· Working assumption: For sidelink V2V, we assume that the number of receiver chains is at least equal to number of ITS dedicated carriers (FFS if this is for safety only carriers or for all dedicated carriers) in addition to the receiver chain required for Uu.  

RAN2#96:
· For UEs supporting Uu broadcast, reception of DL V2X broadcast in different carriers/PLMNs it will be supported by having multiple receive chain in the UE.  The number of maximum carriers/PLMN and RF chains needed is FFS.  



It can be seen from the boxes above and from the V2X conference call notes that there are still quite many topics, which require RAN2 attention and decisions. This paper focuses on and proposes a way forward for the following unresolved issues related to multi-carrier and inter-PLMN V2X operation:
1. What the UE behaviour should be when multiple Rx and Tx pools and frequencies are configured by the network. 
2. How is UE informed about which frequency provides cross-carrier sidelink configuration and whether such information should impact cell reselection rules?
3. What information can eNB provide to facilitate inter-PLMN operation on PC5 and Uu interfaces.
4. What the maximum number of carriers to be configured for V2x PC5 and Uu communication is.
It should be noted that RAN2 has received replies from both SA1 [1] and SA2 [2] for its LS concerning inter-carrier/inter-PLMN V2X [3], which is also taken into consideration during the analysis in this paper.
2	Number of carriers for Uu and PC5 V2X operation
We start from having a look at SA1 and SA2 reply LSs as they shed some new light on the inter-PLMN V2X operation aspect. SA2 simply mentions that they do not have any recommendations and reminds that the architecture they developed supports inter-PLMN operation without requiring UE to receive V2X messages on Uu interface of another PLMN. This is also mentioned in SA1 response: “For Uu operation, the application server should be responsible for disseminating V2X messages to all relevant PLMNs.” RAN2 has discussed this previously and found it inefficient from radio resources usage perspective and thus made an agreement that “For UEs supporting Uu broadcast, reception of DL V2X broadcast in different carriers/PLMNs it will be supported by having multiple receive chain in the UE. The number of maximum carriers/PLMN and RF chains needed is FFS.“ However, it is reasonably noted by SA1 that in order for V2X service to work efficiently in inter-PLMN scenario some coordination between network operators needs to be ensured and that the assumption from SA1 was that a UE is always connected to a single PLMN for Uu operation of both V2X and non-V2X services. On the other hand, it is mentioned that across the countries’ boarders this might not always be possible. This is also not always possible if the three usage scenarios identified during RAN Study Item phase are considered, e.g. in case V2X services are provided using a dedicated PLMN ID. We have already mentioned some potential issues related to such scenario in our previous contribution [4], e.g. how to route V2X traffic through one eNB while non-V2X traffic over another one or how the UE should prioritize the cells. This is a non-trivial problem, which would require some special mechanisms, but considering the feedback from SA WGs and due to lack of time we propose not to address this issue in the current release. 
Proposal 1: Unicast traffic for both V2X and non-V2X traffic is always provided to V2X UE by a single PLMN in a certain geographical area and a certain point in time.
At the same time, we believe that broadcast V2X traffic could be provided in a certain area by an operator designated or specially appointed for this case by a local regulator to avoid messages duplication over Uu interface in multiple PLMNs. This case and the case of countries boarders, as mentioned by SA1, should be supported in a way agreed by RAN2 previously, i.e. by having multiple receiver chains in the UE.
Proposal 2: V2X UE should support at a minimum one additional Rx chain for broadcast messages reception on Uu interface in its non-registered PLMN.
This should be seen as a minimum requirement and in specific regions additional requirements may apply, e.g. in case the operators do not coordinate at all. Therefore, the signalling should be designed to allow for more than that and the proposal of maximum of 8 Uu carriers support given in the e-mail discussion report on this topic sounds reasonable and sufficient.
Proposal 3: Maximum of 8 carriers can be configured for V2X service reception on Uu interface for a V2X UE.
When it comes to V2X operation on PC5 interface SA1 recommends that “in any given region and point in time, different PLMNs should share the same carrier for V2X communication”. However, it should be noted that in case V2X is widely deployed a single carrier may not be sufficient to provide the required capacity. LTE band 47 itself, which is a candidate band for ITS services in US and Europe comprises 70 MHz bandwidth. Therefore, V-UEs’ transmissions are likely to be distributed over different carriers and V-UEs should be able to receive of all these transmissions at least for safety-critical applications. However, spectrum related matters lay in RAN4’s jurisdiction and so RAN4 is the right group to make the decision about UE’s requirements with that respect.
Proposal 4: The number of PC5 Rx chains to be supported by V-UEs should be decided by RAN4.
RAN2 in turn should make sure that the signalling is future-proof enough and we propose that maximum of 8 PC5 carriers can be configured on a V-UE.
Proposal 5: Maximum of 8 carriers can be configured for V2X service reception on PC5 interface for a V2X UE.
3	Tx and Rx carriers configuration
During the V2X call the following were noted as agreeable proposals:
1. Support mode-4 inter-carrier configuration for V2x sidelink communication
2. Use both SIB21 and RRC dedicated signalling to carry the inter-carrier configuration for mode-4
3. For inter-carrier configuration of mode-4, the selection of the carrier and corresponding TX/RX resource pool is up to UE implementation.   FFS if some additional mechanisms/configuration is needed.  

We agree with the first two points in the box, but the third one needs to be clarified and it is actually relevant for both intra-frequency and inter-frequency configurations.  Most importantly it cannot be left to UE implementation on which of the configured Rx resource pools (both intra- and inter-carrier) to receive V2X service as this could completely compromise its performance. Therefore, it is proposed to clarify that V-UE always receives V2X service on all configured safety related resource pools.
Proposal 6: V-UE is always required to receive V2X service on all Rx resource pools (both intra- and inter-carrier) configured for carriers providing safety related V2X services. 
When it comes to transmission resource pool it is up to eNB to configure a single or multiple Tx resource pools, which can be done via broadcast or dedicated signalling if bullet 2 from the box above can be confirmed as an agreement. We think that network would have enough control on the resources in this situation and in case multiple Tx pools are configured on the UE the choice on which one to use for transmission can be left to UE implementation.
Proposal 7: In case multiple Tx resource pools (both intra- and inter-carrier) are configured on V-UE, the choice of which one to use for transmission is left up to UE implementation.
4	Uu carrier to carry the inter-carrier configuration
There may be several reasons to provide inter-carrier configuration to the UE:
· To facilitate UE’s operation by not requiring it to read configuration on other carriers. This pertains to both intra-PLMN and inter-PLMN operation.
· To enhance the resource usage efficiency on dedicated V2X carriers compared to traditional out-of-coverage situation where pre-configuration is used. By V2X dedicated carriers we understand the carriers with no LTE Uu operation, i.e. providing only resources for sidelink V2X operation. 
For intra-PLMN we do not see additional requirements that need to be taken into consideration apart from those discussed in section 3 already. The inter-PLMN and V2X dedicated carrier scenarios are analyzed separately in the following subsections.
4.1 Cross-carrier configuration for inter-PLMN V2X
For inter-PLMN V2X operation two use cases could be differentiated: 
· sidelink resources are shared between PLMNs
· each PLMN has its own sidelink resources
First case is similar (or same?) to the one of dedicated V2X carrier and is discussed in the next sub-section and here we focus on the situation where each PLMN has its own sidelink resources. The baseline solution here is for the UE to read the System Information in various PLMNs and based on that derive the Rx resource pool configuration for monitoring as captured by the agreeable proposal fro the V2X call:
7. Enable the UE to read from other PLMNs the RX resource pool configuration.  

This can be facilitated by additional information provided by V2X control function as an interface between V2X control functions in different PLMNs is specified by SA2 as can be seen on Figure 4.2.1.3-1 in TS 23.285 [5]. However, if a proper coordination between operators can be ensured in specific cases, RAN may further support UEs in acquiring sidelink resource configurations in another PLMNs. Depending on the level of coordination between operators the configuration could comprise:
· frequencies used for V2X sidelink communications in other PLMNs
· sidelink Rx resource pools configuration for different frequencies used in other PLMNs
We do not mention Tx resource pools on purpose as we do not think UE should be allowed to transmit on sidelink resources of other PLMNs. Such operation would be hard to manage in a controllable manner, e.g. from interference point of view. Although SA2 does not disallow inter-PLMN V2X messages transmission on PC5 explicitly in [5], we think that due to the aforementioned reasons this is reasonable and sufficient to support inter-PLMN V2X sidelink operation by allowing V-UEs to only receive V2X messages on the carriers belonging to other PLMNs. We then propose to agree the following:
Proposal 8: V-UE is not allowed to transmit on sidelink resources belonging to a carrier of another PLMN.
Proposal 9: eNB may provide the frequencies on which the UE may acquire sidelink Rx resource pools configuration used for V2X in other PLMNs.
Proposal 10: eNB may provide the configuration of Rx resource pools used on inter-PLMN frequencies for V2X.
For such inter-PLMN configuration to be useful, provided information needs to be reliable and should be configured only in case coordination between operators takes place. The added value is limited if UE is required to scan other frequencies or verify the configuration by reading system information in other PLMNs when inter-PLMN frequencies or resource configurations are provided by the serving PLMN. We propose to clarify that:
Proposal 11: In case a list of inter-PLMN frequencies or sidelink Rx pools is provided to the UE by its serving PLMN, the UE is not required to verify this information by reading System Information in concerned PLMN or scanning additional frequencies.
4.2 Cross-carrier configuration for dedicated V2X carrier
When dedicated V2X carriers are used the serving eNB should provide the full configuration for such a carrier, i.e. both Tx and Rx resource pool(s) configuration and in such case this configuration should be prioritized over the pre-configuration available in the device or USIM.
Proposal 12: For a dedicated V2X carrier a serving eNB may provide UE with Tx and Rx resource pools configuration which is used by V-UE instead of pre-configuration.
In that situation, it is important to make sure that all V-UEs in a given area use the same configuration and it is undesirable for some to use network configuration while others could still apply pre-configuration at the same time. Such inconsistency could lead to unexpected behavior and in consequence result in V2X service performance degradation for all or at least some UEs. In order to avoid such situation, we should make sure that all UEs receive cross-carrier configuration when it is available in a given region and for that frequency prioritization rules for cell reselection purposes need to be modified.
Proposal 13: If a carrier providing cross-carrier sidelink resources configuration is indicated to V-UE, the V-UE should prioritize this carrier for cell reselection purposes.
[bookmark: _GoBack]As indicated by many companies during the V2X conference-call, scanning of all the available frequencies in order to identify the one providing cross-carrier configuration would not be power-efficient. On the other hand, it is unlikely that the carrier providing this configuration will change often, so we think it is enough that it is indicated to the UE by pre-configuration e.g. via V2X control function.
Proposal 14: The carrier providing cross-carrier configuration is indicated to the UE using pre-configuration by V2X control function, USIM and/or ME.
5	Summary
In this contribution we discuss some of the remaining aspects of V2X operation in multi-carrier and inter-PLMN scenarios. Based on the presented analysis RAN2 is kindly asked to agree on the following proposals:
Proposal 1: Unicast traffic for both V2X and non-V2X traffic is always provided to V2X UE by a single PLMN in a certain geographical area and a certain point in time.
Proposal 2: V2X UE should support at a minimum one additional Rx chain for broadcast messages reception on Uu interface in its non-registered PLMN.
Proposal 3: Maximum of 8 carriers can be configured for V2X service reception on Uu interface for a V2X UE.
Proposal 4: The number of Rx chains to be supported by V-UEs should be decided by RAN4.
Proposal 5: Maximum of 8 carriers can be configured for V2X service reception on PC5 interface for a V2X UE.
Proposal 6: V-UE is always required to receive V2X service on all Rx resource pools (both intra- and inter-carrier) configured on carriers providing safety related V2X services. 
Proposal 7: In case multiple Tx resource pools (both intra- and inter-carrier) are configured on V-UE, the choice of which one to use for transmission is left up to UE implementation.
Proposal 8: V-UE is not allowed to transmit on sidelink resources belonging to a carrier of another PLMN.
Proposal 9: eNB may provide the frequencies on which the UE may acquire sidelink Rx resource pools configuration used for V2X in other PLMNs.
Proposal 10: eNB may provide the configuration of Rx resource pools used on inter-PLMN frequencies for V2X.
Proposal 12: For a dedicated V2X carrier a serving eNB may provide UE with Tx and Rx resource pools configuration which is used by V-UE instead of pre-configuration.
Proposal 13: If a carrier providing cross-carrier sidelink resources configuration is indicated to V-UE, the V-UE should prioritize this carrier for cell reselection purposes.
Proposal 14: The carrier providing cross-carrier configuration is indicated to the UE using V2X control function.
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