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Introduction  
In the last RAN2 meeting, an email discussion was initiated to collect views from different companies on identifying the list of solutions by using PPPP and CBR in the TX carrier selection and discuss the pros and cons [1]. However, no other factors were considered in the discussion. In this discussion, we focus on some other aspects that are needed for efficient design of the overall carrier selection procedure.
Discussion
2.1	TX UE capability
During the last meeting and the email discussion, the issue of how the TX UE capability impacts the carrier selection procedure was brought up [1] [2]. While it was not explicitly part of the email discussion, we envision it to be an essential consideration for the design of the overall procedure. Specifically, since the early deployments of Rel-15 V2X would see a lot of UE with a varying degree of capabilities (e.g. in terms of TX chains), the consideration of the UE capability is essential. Nevertheless, RAN1 is also discussing this issue in the context of a limited TX capability UE which cannot support transmissions over carriers in a subframe and has made the following agreements [3]:
	Agreements:
· From RAN1 understanding, the limited TX capability means that the UE cannot support transmission(s) over carrier(s) in a subframe due to 
· (a) Number of TX chains smaller than the number of configured TX carriers or
· (b) UE doesn’t support the given band combination or
· (c) TX chain switching time or
· (d) UE cannot fulfill the RF requirement due to, e.g., PSD imbalance
· For a UE with limited TX capability, RAN1 considers the following options for resource selection in mode 4 CA.
· Option 1-1: When the UE performs the resource selection for a certain carrier, any subframe of that carrier shall be excluded from the reported candidate resource set if using that subframe exceeds its TX capability limitation under the given resource reservation in the other carriers.
· FFS details, e.g., the carrier resource selection order should consider PPPP of transmission and CBR.
· Option 1-2: If the per-carrier independent resource selection leads to transmissions beyond the TX capability of the UE in a subframe, UE re-does resource reselection within the given reported candidate resource set until the resultant transmission resources can be supported by the UE.
· FFS: whether it is up to UE implementation
· FFS details, e.g., the carrier resource selection order should consider PPPP of transmission and CBR.
· Option 2: After performing the per-carrier independent resource selection, the UE shall drop transmission in a subframe where using that subframe exceed its TX capability limitation. 
· FFS details of dropping rule, e.g., whether/how to consider PPPP and CBR
· FFS whether/how to consider other aspects (e.g., half duplex problem) in terms of resource selection
· Down-select one combination among the followings:
· Option 1-1 for (a), (b), and (c)
· the UE shall drop transmission in a subframe where using that subframe is beyond TX capability with (d)
· Option 1-1 for (a), (b), and (c)
· UE re-does resource reselection within the given reported candidate resource set until the resultant transmission resources fulfill TX capability with (d)
· Option 1-2 for (a), (b), and (c) + Option 2 for (d)
· Option 1-1 for (a), (b), (c), and (d)
· Option 1-2 for (a), (b), (c), and (d)
· Option 2 for (a), (b), (c), and (d)




In this context, it seems that the impact of TX limited UEs will be discussed and handled in RAN1 in painstaking detail. Discussion on resource selection enhancements for UEs with limited TX capabilities is supposed to be concluded in RAN1 in the next meeting. So, the question now is whether we need to have a similar discussion on special consideration for limited TX capability UEs in RAN2 as well. In our view, this discussion is still required since the selection of carriers for the purpose of carrier selection is separate from the discussion on resource selection limitations in RAN1 and carrier selection is to be performed in the MAC and/or RRC. So, it is proposed that RAN2 considers the case of limited TX capability UEs regarding the carrier selection procedure.
Proposal 1:	The case of limited TX capability UE should be considered when performing carrier selection for CA.
Regarding the procedural details, it can be assumed that depending on UE capability, a subset of carriers will actually be available to choose from the set of carriers associated to a particular V2X service type. So, this ‘pruning’ of carriers will be performed before the other criteria (as discussed in the email discussion) is applied. Every time a new V2X service is initiated, the set of carriers passed down to the lower layers for selection would be directly filtered based on the UE capability, thereupon the UE would perform the selection based on the CBR-PPPP criteria. In this case, there is no further aspect related to UE capability that needs to be considered afterwards. 
[bookmark: _GoBack]Proposal 2:	Every time a V2X service is initiated, the set of carriers passed to the lower layers should be a subset of carriers mapped to that service and supported by UE TX capability.
Proposal 3:	No other enhancements need to be considered for UEs with limited TX capability when applying the CBR-PPPP carrier selection criteria.
2.2	Impact of PPPR
SA2 defined the new parameter ProSe Per Packet Reliability (PPPR) to capture the required reliability for V2X transmission in [4]. So, a relevant issue is whether this metric also needs to be incorporated in the carrier selection mechanism. Since RAN2 agreed to support use case 2 for CA to achieve greater reliability by duplicated transmissions for V2X, it makes sense that the reliability requirement metric be included in the carrier selection, at least of the case then this duplication is configured to be performed. Of course, this also ties into the related discussion on the activation of packet duplication for both mode 3 and 4 UEs. We present our views on this in [5].
Proposal 4:	ProSe Per Packet Reliability (PPPR) should be considered together with CBR and PPPP in the carrier selection mechanism for CA, at least when duplication is activated.
In that case, we need to consider how to incorporate PPPR in addition to CBR and PPPP (that are already being considered) in carrier selection. In the email discussion [1], many companies have expressed the view of reusing the CBR-PPPP tables from Rel-14 for the purpose of carrier selection as well. However, since PPPR is a newly defined parameter, the same cannot be applicable and we need to consider additional options, even if we end up reusing the Rel-14 CBR-PPPP tables for carrier selection. In this regard, we can consider the following options:
1) Apply PPPR criterion at the end of the carrier selection procedure, regardless of the CBR values for each applicable carrier. In this case, once the set of carriers that the UE can choose from to perform V2X transmissions has been determined (based on CBR, PPPP), a subset of carriers is chosen for duplicated transmissions based on a single configured PPPR threshold. These carriers for duplication can be chosen randomly or they could be the carriers with the lowest CBR value.
2) Define a per-carrier CBR threshold for each PPPR value (similar to PPPP as proposed in [1]). Regardless of how many different PPPR values we end up defining, in this case, the threshold relates to the CBR value for each PPPR value, above which duplication on this carrier is not allowed. So, the procedures can be applied sequentially for each incoming packet where first a set of potential carriers is determined based on the CBR thresholds specific to that packet’s PPPP value. Then, from the set of carriers thus obtained, the set of carriers over which the packet needs to be duplicated is determined similarly. 

Regarding the two options, option 1 is simpler to implement but is functionally equivalent to defining a single PPPR threshold for all carriers, irrespective of their CBR values. Option 2, meanwhile, applies this PPPR threshold per carrier, taking into account their respective CBR values. Choosing between 1 and 2 hinges on an important aspect which is also raised in [5]: whether a particular V2X application or service type generates packets with the same reliability requirement or not (at least within a certain period of time)? In other words, whether or not the packets generated for a given V2X service have the same or different PPPR values associated with them. So, RAN2 is encouraged to discuss and decide between option 1 and 2 based on the granularity of PPPR values related to service types.
Proposal 5:	RAN2 to discuss and decide whether a single or per-carrier PPPR threshold needs to be configured in the carrier selection procedure when performing duplicated transmissions over multiple carriers. 
Conclusion
[bookmark: _Ref458739888]This contributions discusses aspects related to the carrier selection mechanism for CA over V2X and makes the following proposals:
Proposal 1:	The case of limited TX capability UE should be considered when performing carrier selection for CA.
Proposal 2:	Every time a V2X service is initiated, the set of carriers passed to the lower layers should be a subset of carriers mapped to that service and supported by UE TX capability.
Proposal 3:	No other enhancements need to be considered for UEs with limited TX capability when applying the CBR-PPPP carrier selection criteria.
Proposal 4:	ProSe Per Packet Reliability (PPPR) should be considered together with CBR and PPPP in the carrier selection mechanism for CA, at least when duplication is activated.
Proposal 5:	RAN2 to discuss and decide whether a single or per-carrier PPPR threshold needs to be configured in the carrier selection procedure when performing duplicated transmissions over multiple carriers. 
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