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1 Introduction

In the e-mail discussion [96#61] on multi-carrier [1] and V2X conference call 1 [2], RAN2 discussed many issues and made agreeable proposals to support inter-carriers/inter-PLMNs.
SA1 sent LS response [3] after SA1#76b meeting with following comments.
	SA1 response:

1. For Uu operation, the application server should be responsible for disseminating V2X messages to all relevant PLMNs. SA1 understands that RAN2 identified a special case where the UE would potentially need to be connected to two PLMNs: if a given PLMN shares its V2X services with other PLMNs in the area, the UE may need to receive data from its own PLMN and plus V2X messages from the PLMN that is providing the V2X services. This could especially happen across countries boarders. 3GPP SA1 has not specified explicit 3GPP service requirements to support this in V2X. The current assumption is that the UE will always connect to a single PLMN at a point in time, and that PLMN provides V2X and non-V2X services to the UE. 

2. For PC5 interface, in any given region and point in time, different PLMNs should share the same carrier for V2X communication. RAN2 should consider if it is necessary to support a second carrier for the purposes of handling countries boarders and/or to provide redundancy for safety-messages. Moreover, as there may be other services provided by a PLMN that may require communication over the PC5 interface (for instance, location based services, or other non-safety V2X services), the UE may need to support another carrier for these other services. Therefore, the recommendation from SA1 is that, for the PC5 interface, the UE should support one carrier for V2X safety services and optionally support a second carrier for redundancy of V2X services and / or, non-safety and supplementary services.   

SA1 would like to note that spectrum allocation will also depend on national policy and regulations, some of which are not yet defined.


We think that RAN2 should decide how inter-PLMN reception is supported based on SA1’s response. So, we will discuss the remaining inter-carrier/inter-PLMN for Uu and PC5 in this contribution.
2 Discussion
2.1 Support of inter-PLMN operation for Uu

According to SA1’s LS response, SA1 think the application server should handle all V2X messages from other PLMNs and disseminate these massages to all relevant PLMNs. In this reason, SA1 recommended that the receiving multiple PLMNs are not needed. That is, UE will always connect to a single PLMN at a point in time, and that PLMN provides V2X and non-V2X services to the UE.
However, we think that the reception of multiple downlink carriers from other PLMNs is highly required to reduce the end-to-end delay. From the specifications, V2X latency requirement is generally 100ms. RAN2 introduce many new values e.g. shorten MCCH period, modification period and MCH scheduling period for MBMS and SC-PTM in order to meet the latency requirement. We are wondering that the latency requirement is met if the reception directly from other PLMNs is not allowed. It is obvious some delays are generated if the application server would handle all V2X messages from other PLMNs and disseminate these massages to all relevant PLMNs. RAN2 is asked to discuss what is the suitable number of Rx chain for supporting inter-PLMN operation if multiple reception of V2X messages directly from other PLMNs is allowed.
Proposal 1: RAN2 should discuss the feasible solution to receive V2X broadcast of other PLMNs, all options will be considered with the suitable number of Rx chain for supporting inter-PLMN operations. 
2.2 Support of inter-PLMN operation for PC5

We consider there are varying options to deal with inter-PLMN operation via PC5.

Method 1) Allocate one PLMN to one ITS carrier

Each PLMN can configure RX resource (RX pool) and one or multiple TX resources (multiple TX pools) in its own ITS carrier for V2X communication as shown in Figure 2‑1. The UE may support the inter-PLMN V2X operation differently according to the number of RF chains.
Option 1-1) One RF chain

We may consider that for each ITS carrier, V2X UE supports the reception from other PLMNs with one RF chain by a TDM manner. But it may cause much latency to receive V2X message according to TDM configuration. For V2X message carrying safety information which is delay-sensitive, it is not a good manner to use one RF chain with TDM. For example, if the number of ITS carriers is M, it takes M times (or M subframes) for V2X UE to receive inter-PLMN V2X message from all the PLMNs, as shown in Figure 2‑1.

Option 1-2) Multiple RF chains

Alternatively, V2X UE supports the reception from other PLMNs with multiple RF chains. With this configuration, it seems that the operation is simple but UE’s implementation is not feasible since there can be many ITS carriers per region and the number of ITS carriers per region can be different. The V2X UE has to get many RF chains as same as the most number of ITS carriers. But the form factor for V2X UE may be limited to a certain size andUE cannot afford to implement such many RF chains.

Observation 1: The usage of separate RX resource pools per PLMN may not be feasible for inter-PLMN via PC5.
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Figure 2‑1 Separate resource pools for inter-PLMN V2X operation via PC5
Method 2) Allocate multiple PLMN to one ITS carrier

For multiple PLMNs, common RX resource (RX pool) and separated TX pool for each PLMN could be configured in one ITS carrier as shown in Figure 2‑2. In this case, the V2X UE can receive any data transmitted from other PLMN if the V2X UE can monitor the common RX pool. To support this method, an eNB has to provide the information about common RX pool by dedicated signalling or in broadcast manner. It is also important for the eNB to know how to get the configuration information of other PLMN.
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Figure 2‑2 Common RX resource pool for inter-PLMN V2X operation via PC5
Observation 2: RX resource pool in one ITS carrier should be coordinated among PLMNs. 
According to SA1’s LS response [3], SA1 recommended method 2 to support inter-PLMN reception for PC5. We also think it is the best option if the allowed spectrums are enough to carry all this Rx resource pools.
Proposal 2: It is needed to allocate multiple PLMNs to one ITS carrier.
2.3 Maximum number of carriers to be configured for PC5
According to SA1’s LS response [3], two carriers are enough to support inter carrier and inter-PLMN operation for PC5. The basic assumption is that the different PLMNs should share the same carrier for V2X communication, and an additional second carrier for the purposes of handling countries boarders and/or to provide redundancy for safety messages and/or non-safety messages.
Proposal 3: RAN2 is asked to discuss SA1’s LS response that the UE should support one carrier for V2X safety services and optionally support a second carrier for redundancy of V2X services and/or, non-safety and supplementary services.

3 Conclusion

In this contribution, we provide following proposals:
Proposal 1: RAN2 should discuss the feasible solution to receive V2X broadcast of other PLMNs, all options will be considered with the suitable number of Rx chain for supporting inter-PLMN operations. 
Proposal 2: It is needed to allocate multiple PLMNs to one ITS carrier.

Proposal 3: RAN2 is asked to discuss SA1’s LS response that the UE should support one carrier for V2X safety services and optionally support a second carrier for redundancy of V2X services and/or, non-safety and supplementary services.
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