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1 Introduction
In the last RAN2 meeting, an FFS was left on how to deal with Rx limited V2X UEs in PC5 CA as follows [1]:

Agreements:

1: CBR should be considered for the UEs’ Tx carrier selection in PC5 CA from RAN2 perspective.

2: Priority indicated by PPPP should be considered for the UE’s Tx carrier selection in PC5 CA from RAN2 perspective. Not closed for other factors.

3: AS is aware of candidate V2X frequencies for V2X packet transmissions, which configured by upper layers (Same as Rel-14). FFS on the additional need in Rel-15.

4: UE capability on PC5 CA should be considered for the UE’s Tx carrier selection from RAN2 perspective. However no additional specification impacts are foreseen at the moment.

5: Configuration/Preconfiguration of PC5 carriers (at least one candidate set of PC5 CC) for the UE’s Tx carrier selection (like Rel-14). FFS if further standard changes (including UE behaviors) are needed for Rel-15 V2X Phase 2.

6: From RAN2 point of view we do NOT need a PCC and SCC.

7: No need of activation/deactivation mechanism for carriers.

8: FFS on how to handle Rx limited V2X UE.
In the past two meetings and the email discussion [2], some companies proposed that the UEs in Rel-15 V2X Phase 2 should be assumed as capable of monitoring ALL PC5 carriers and thus denied the existence of UEs with limited Rx capability by such assumption. There were also some other voices arguing that it is enough for a UE to receive only in all ITS safety carriers, even if doing this will force the UE to be incapable of receiving packets in other carriers and thus misses the non-safety related service(s), which the UE is in fact interested in. 
Unfortunately, the above assumptions are not completely reasonable and thus fail to be in the right way to well tackle the V2X UEs with limited Rx capability in the case of PC5 CA. In this contribution, therefore, we justify the needs of supporting Rx carrier selection for those UEs with limited Rx capability, and then provide some high-level design principles for Rx carrier selection mechanism. 
2 Need of Rx carrier selection for limited-Rx-capability UEs
Of course, for the UEs with sufficient Rx chains to monitor all possible PC5 carriers for its interested services, Rx carrier selection is not needed. Hence, in the rest of this contribution, the discussions are only for the UEs potentially with limited Rx capability, i.e. UEs that are not able to receive all the PC5 carriers where its interested services are potentially sent.
It is clearly specified in [3] and [4] that the types of V2X service are actually categorized by V2X service identifier, e.g. PSID or ITS-AIDs. Also, neither [3] nor [4] contains any texts saying that the V2X services are divided into so called “safety related” and “non-safety related”, which is actually a general way to regulate the usage of different ITS spectrums, instead of specific classification of service types themselves. 

	TS 24.386

3.1
Definitions

[…]
V2X service identifier: an identifier of a V2X service, e.g. PSID or ITS-AIDs of the V2X application.

[…]
6.1.2
Transmission of V2X communication over PC5

6.1.2.1
Initiation

The upper layers can request the UE to send a V2X message of a V2X service identified by a V2X service identifier using V2X communication over PC5. The request from the upper layers includes:

a)
the V2X message;

b)
the V2X service identifier of the V2X service for the V2X message;

c)
the type of data in the V2X message (IP or non-IP);

d)
if the V2X message contains non-IP data, the V2X message family (see subclause 7.1) of data in the V2X message ; and

e)
the V2X message priority.

Upon a request from upper layers to send a V2X message of a V2X service identified by a V2X service identifier using V2X communication over PC5, the UE shall proceed as follows:
a)
if the following conditions are met:

 […]
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-
The mapping of service types (e.g. PSID or ITS-AIDs) to V2X frequencies (see TS 36.300 [10] for further information) with Geographical Area(s).


This is to say that V2X services are not classified by safety-related or non-safety related services; rather, they are actually indicated by the values of service type identifier, e.g. PSID or ITS-AIDs. 
Observation 1: V2X services are unlikely to be categorized by so called “safety-related” and “non-safety related” services in the upper layer. Rather, their specific types are indicated by the V2X service identifier, e.g. PSID or ITS-AIDs. 

In this sense, the specific services which the UE is interested to receive should actually be indicated by the service type identifier, e.g. PSID or ITS-AIDs. Since such PSID and ITS-AIDs can refer to the services belonging to either safety related or non-safety related services (but not limited to only safety related ones), the UE can hence be interested in receiving both safety related and non-safety related V2X services on the corresponding carriers. This is also in line with the requirement of V2X Phase 2 WI [5] to support advanced V2X services (e.g. vehicle platooning, extended sensor including images and videos, advanced driving, etc.) which can generally be either safety related or non-safety related. Note that the aforementioned definitions and configurations of V2X service identifiers are specified for Rel-14 V2X by the SA2 and CT1 groups. It is RAN2 group which assumed in RAN2#97 that “will not optimize procedures for non-safety in Rel-14” only.   As the CA carrier selection is now introduced for Rel-15 V2X Phase 2 WI, RAN2 shall no longer have this limit and consider all the services altogether, including both “safety” and “non-safety”.  
Observation 2: The specific services a UE is interested to receive should be indicated by PSID or ITS-AIDs which can refer to either safety related or non-safety related services. Hence, in Rel-15 V2X Phase 2 a UE can not only be interested to receive safety related services, but also be interested to receive non-safety services by monitoring corresponding PC5 carriers. 

Based on above Observation 1 and 2, therefore, it is clear that each UE in Rel-15 V2X Phase 2 should be supported with not only the reception of safety related services but also the reception of non-safety related services the UE is actually interested in. 
Proposal 1: For a UE in Rel-15 V2X Phase 2, not only the reception of safety related services should be supported, but the reception of non-safety related services which the UE is interested in should be supported as well. 
As a result, it does not make any sense to discuss whether it is already enough for a UE to only monitor the safety related carriers for safety related services; instead, it should be further discussed how the UE can monitor its interested services, whether safety related or non-safety related, from corresponding applicable carrier(s) effectively. 
Though, as mentioned by some companies, it has already been assumed in Rel-14 that each UE is equipped with sufficient chains to receive all the ITS safety carriers, such assumption is, however, no longer enough for a UE in Rel-15 V2X Phase 2 to receive all its interested services. The main reasons for this are as follows.

It was NOT agreed in RAN2 #99 meeting to only consider or prioritise ITS carriers (i.e. on Band 47) for Rel-15 V2X Phase 2, because RAN2 specification has never had such restriction and does not exclude the possibility to use carriers on bands other than Band 47 for V2X sidelink communication. So, at least for non-safety services, the NW is allowed and likely to configure some PC5 carriers on the bands other than Band 47 for their transmissions/receptions, depending on NW implementation. Even for safety related services, their transmission and reception over sidelink should be allowed on some non-ITS carriers (e.g. licensed carriers as on Uu) also, as per NW configuration. Therefore, even if a UE is able to receive all ITS safety carriers as assumed in Rel-14, it is still possible that the UE is unable to receive its interested services (whether safety or non-safety related) from the carriers on other bands, especially for those UEs in IDLE mode. 
Based on the above analyses, we justified the existence of the UE with limited Rx capability, i.e. there is the UE that are unable to receive all possible PC5 carriers where its interested services are sent, and the below observation follows. 
Observation 3: In Rel-15 V2X Phase 2, the PC5 carriers are not necessarily ITS carriers, but can also be carriers on other bands as per NW configuration. So, regardless of Rel-14 assumption of receiving all ITS safety carriers, there can be UEs with limited Rx capability which are unable to receive all possible PC5 carries (i.e. either ITS or non-ITS) where its interested services can be sent. 

Now the existence of the UE with limited Rx capability and the necessity for supporting UEs’ reception for both safety related and non-safety related services are justified. Based on these discussions, we now clarify the need of Rx carrier selection for UEs with limited Rx capability. 

We first see what if Rx carrier selection is not done or completely left to UE implementation for the UEs with limited Rx capability. See the following example as in Figure 1. In this example, assume that UE1,  UE2 and UE3 have the same type of V2X service (say, Service A) to transmit, and this Service A is mapped to three applicable carrier frequencies (say, F1, F2 and F3) as per the carrier frequencies indicated by the upper layer and actually supported by the eNB. Furthermore, UE4 and UE5 are in proximity of them and are both interested in receiving this Service A, where UE4 and UE5 both have Rx chains able to receive two carrier frequencies. 
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Figure 1: Different Cases for Rx carrier selection for a certain service 
In Figure 1 (a) on the left, via some Tx carrier selection mechanism, UE1, UE2 and UE3 select and send V2X packets of Service A on F1, F2 and F3, respectively. Meanwhile, UE4 and UE5 respectively choose to monitor {F1, F3} and {F1, F2}, based on their own implementation but without considering the Tx carriers potentially selected by nearby UEs. In the above case, even though both UE4 and UE5 open all their Rx chains to monitor as many frequencies as they can, they still respectively miss the V2X messages on F2 (for UE4) and the V2X messages on F3 (for UE5), due to the mismatch between the carrier frequencies selected by the Rx UEs and those selected by the Tx UEs. Basically, in such a case, no matter how UE4 and UE5 select RX carriers, they will always miss one of the UE’s transmissions of V2X Service A. If any of the receiving UE is only capable of receiving in 1 RX carrier, the problem becomes much severer.
It should be noted that, despite the specific case we assumed above, the above “Tx-Rx” carrier mismatch problem can frequently happen and thus potentially result in plenty of reception missing, for limited-Rx-capability UEs. This is a very fundamental communication problem which cannot be ignored or left to UE implementation. The above example only shows the UE behaviors for supporting a single Service A. There is no doubt that the mismatching issue will become much worse when multiple V2X services are to be supported simultaneously.  
Observation 4: For a UE with limited Rx capability, if there is no proper Rx carrier selection mechanism (e.g. left to UE implementation), the mismatch between the Rx carriers selected by the UE and Tx carriers selected other nearby UEs for its interested service will happen. This will cause the UE to miss V2X packets which it is interested to receive. 

Apparently, the problem of the reception loss revealed in above Observation 4 should be attributed to the lack of a proper Rx carrier selection mechanism for the UEs with limited Rx capability. To this end, the need of Rx carrier selection for these UEs is justified.
3 General principles for Rx carrier selection design
Now that the need of Rx carrier selection is clarified, we further provide some potential high-level principles on how the Rx carrier selection mechanism should be designed for PC5 CA. 

Generally speaking, if, for a certain service, the carriers selected by the UEs with limited Rx capability to receive can be aligned with the carriers selected by nearby UEs to transmit, the reception missing can be prevented as much as possible. Let us come back to the example in Figure 1. In contrast to Figure 1(a), if, as in Figure 1 (b), all of UE1, UE2 and UE3 concentrate on F1 and F2 for their transmission of Service A, and both UE4 and UE5 interested in Service A also select these two carriers to receive, then UE4 and UE5 can both receive all transmissions from UE1, UE2 and UE3 without any missing. On top of that, if there were another UE which is also interested to receive Service A but have more Rx chains to receive more carriers (i.e. >2), it could further use the extra Rx capability to monitor more carrier(s) for some other types of service it is interested in as well.   
It can be seen from the above example that the Rx carrier selection should take into account the carriers potentially selected by the Tx UEs, and thus enables the Rx carriers selected to match those selected by surrounding UEs for transmissions. The benefits of such “Tx-Rx” coordination to avoid reception missing can be easily seen as in Figure 1 (b), and it should thus be treated as a high-level principle for Rx carrier selection design, though detailed solutions can be further discussed later. As a result, it is proposed that the Rx carrier selection mechanism should be designed in conjunction with Tx carrier selection, and Rx carriers selected by a UE with limited Rx capability ought to match those selected by other surrounding UEs for Tx as much as possible.
Proposal 2: Rx carrier selection mechanism should be designed in conjunction with TX carrier selection, so that for a given service, the Rx carriers selected by UEs with limited Rx capability can match those selected by other surrounding UEs for Tx as much as possible.  
More specifically, in order to achieve Proposal 3, for a given service the Tx UEs and Rx UEs with limited Rx capability may need to select Tx/Rx carriers following the same order within the applicable carrier set. So the criteria/rules to be potentially specified for Tx carrier selection may also apply to Rx carrier selection. 
Proposal 3: For a given service, there should be some common criteria/rules applied to both Tx and Rx carriers selection, so that the order in which the Tx carriers and Rx carriers are selected from the applicable carrier set of this service can be the same. 

In general, the UEs with limited Rx chain are more vulnerable to receive problems than more Rx-capable UEs. So, V2X services to reach those UEs will be less reliable. While the above Rx carrier selection principles intend to improve the reliability for those UEs in general, it is worth considering different detail configurations for  V2X services with potentially high reliability requirements (e.g. safety related) vs. services with less stringent requirements (e.g. non-safety related ). For example, the upper layer may map safety service to a very limited number of frequency(ies); or, those safety messages may be allowed to be duplicated and then distributed to more PC5 carriers for their transmission as per NW configuration. This can make the transmission of these packets more likely occur on the specific Rx carrier(s) selected by the UEs with limited Rx capability, and thus further reduce the chance of packet loss on the basis of an appropriate Rx carrier selection mechanism.

Proposal 4: FFS the details how to ensure that Rx carrier selection mechanism improves the reliability of receiving V2X traffic for less-capable UEs for both safety and non-safety services.  
4 Conclusion

In this contribution, we justify the need of Rx carrier selection for UEs with limited Rx capability, and give some general principles on how such Rx carrier selection should be designed. 

Specifically, the need of Rx carrier selection is justified by the following observations and proposals:

Observation 1: V2X services are unlikely to be categorized by so called “safety-related” and “non-safety related” services in the upper layer. Rather, their specific types are indicated by the V2X service identifier, e.g. PSID or ITS-AIDs. 

Observation 2: The specific services a UE is interested to receive should be indicated by PSID or ITS-AIDs which can refer to either safety related or non-safety related services. Hence, in Rel-15 V2X Phase 2 a UE can not only be interested to receive safety related services, but also be interested to receive non-safety services by monitoring corresponding PC5 carriers.
Proposal 1: For a UE in Rel-15 V2X Phase 2, not only the reception of safety related services should be supported, but the reception of non-safety related services which the UE is interested in should be supported as well. 
Observation 3: In Rel-15 V2X Phase 2, the PC5 carriers are not necessarily ITS carriers, but can also be carriers on other bands as per NW configuration. So, regardless of Rel-14 assumption of receiving all ITS safety carriers, there can be UEs with limited Rx capability which are unable to receive all possible PC5 carries (i.e. either ITS or non-ITS) where its interested services can be sent. 

Observation 4: For a UE with limited Rx capability, if there is no proper Rx carrier selection mechanism (e.g. left to UE implementation), the mismatch between the Rx carriers selected by the UE and Tx carriers selected other nearby UEs for its interested service will happen. This will cause the UE to miss V2X packets which it is interested to receive.  

Based on the necessity justified above, some general principles for Rx carrier selection are further proposed as follows:

Proposal 2: Rx carrier selection mechanism should be designed in conjunction with TX carrier selection, so that for a given service, the Rx carriers selected by UEs with limited Rx capability can match those selected by other surrounding UEs for Tx as much as possible. 
Proposal 3: For a given service, there should be some common criteria/rules applied to both Tx and Rx carriers selection, so that the order in which the Tx carriers and Rx carriers are selected from the applicable carrier set of this service can be the same. 
Proposal 4: FFS the details how to ensure that Rx carrier selection mechanism improves the reliability of receiving V2X traffic for less-capable UEs for both safety and non-safety services.
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