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1
Introduction
It has been agreed in both RAN1 and RAN2 that there is a need of semi-static configuration for carrier selection, which can be used as input for the per-packet carrier selection decisions. 
The related RAN2 agreement [1] is shown as below:
	Agreement:
Carrier selection in CA

· 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.

· 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 eV2X.


The related RAN1 agreement [2] is shown as below:

	Agreement:

· Higher layer semi-statically provides potential carrier(s) for Tx and Rx for CA

· FFS how Tx carrier(s) is(are) selected within the set of potential Tx carrier(s) 

· Send LS to RAN2 cc SA2 to inform them of this assumption (including the note)

Note: it is RAN1 understanding that the higher layers will take other constraints (e.g., UE capability, services, etc.) into account when providing the set of potential carrier(s)


In this document, we discuss the factors which to be considered in semi-static configuration and how does it help the MAC layer to make better TX carrier selection decisions. 
2
Discussion
So far, RAN2 and RAN1 has agreed to consider the following for TX carrier selection:

· PPPP

· CBR

· Service types

· UE capability

As CBR and PPPP are not semi-static parameters, these can only be used for carrier selection decisions for each packet (e.g., MAC PDU). We think the first step is to discuss this semi-static Tx carrier configuration required by RAN1 agreement, with semi-static input variables, which are:

· Service currently used by the UE

· UE capability.

RAN2 has agreed to limit the Tx carriers of a certain service to the frequencies allowed in the upper layer mapping provided by V2X layer. But further limitation/consideration of UE capability has not been fully discussed. Although RAN2 agreed “no additional specification impacts are foreseen at the moment.” , this claim is not supported by any technical papers and discussion records. It may be now benefcial to check the technical issue and understand how those two factors can be considered for TX carrier selection.

UE capability is essential to Tx carrier selection and cannot be ignored. For example, the number of Tx chains in the UE is an important factor to be considered. If a UE has only 1 TX chain but choose to transmit multiple services in multiple carriers, then it has to conduct channel switching. The channel switching operation has several drawbacks:

1. Re-tuning issue: Every channel switching has associated a certain overhead which requires UE to re-tune the carrier. During this period of time, the UE cannot sense and use the channel which creates a service interruption. The more carriers the UE choose to use, the more gaps are created, and the more inaccurate channel sensing results are generated. Thus, it will affect the performance of resource selection in every carrier the UE chooses to use.

2. Efficiency issue: If transmissions of same or different service types can occur in the same carrier, then it is possible to multiplex those upper layer PDUs in a single MAC PDU and use a single transmission opportunity, instead of using multiple different sidelink grants in multiple TX carriers. The less TX carriers the UE chooses to use, the more improvement in the resource utilization efficiency.

3. CBR measurement overhead: CBR measurement (and reporting) is conducted only if the UE wants to use a certain carrier for TX. The more carriers a UE choose to use for transmission, the more overhead associated for CBR measurements and reporting. 

RAN1 WG [3] also listed the following potential examples which will render the selected radio resource unfit for UE due to limited UE capability:

	· 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


Therefore, it is very important to create a configuration to help UE to arrange its V2X transmission(s) in the carriers, and thus avoid the above issues in the first place.  That is exactly the case when the semi-static configuration can be useful. The configuration works by taking account all the “active” services currently running in the UE and their corresponding frequencies. Such a macro-level information is not available when UE makes per-packet decisions for individual packet or resource selection in individual carrier, because when a UE makes decision in MAC layer alone, it only focuses on a MAC PDU related to one service and the set of frequencies mapped from that service type; it does not consider how many active services can be supported in each of those frequency. From this perspective, the higher-layer configuration can provide very useful guidance to the MAC layer, leading to better carrier selection decisions.   

Observation 1
A higher-layer configuration (i.e. RRC layer) can take into account currently active services altogether and provide macro-level view to carrier selection, which will not be available in MAC layer-only schemes.

Combining the above consideration with the limited UE capabilities, the UE can create a semi-static ranking of all the allowed carriers for each service/PSID.
Here is an example to show how this high-level TX carrier selection taking account of UE capability can be done. The left side of the table shows the V2X layer perspective . Note that the V2X layer will be able to obtain service-frequency mapping for many V2X services. But if currently, only service A, B and C has to be triggered by upper layers, then only those services are taken into account.
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Service/PSID A: f1

Service/PSID B: f1 f2 f3

Service/PSID C: f4 f5

UE1 has one Tx chain

Priority 1: f1

Priority 2: f2 f3 f4 f5

Mapping between Service and carriers:

Service/PSID A: f1

Service/PSID B: f1 f2 f3

Service/PSID C: f4 f5

UE 2 has two Tx chain

Priority 1: f1 f4

Priority 2: f2 f3 f5

V2X layer

RRC layer


In the above example, UE1 has one Tx chain, so based on its limited TX capability, f1 is high-priority frequency because UE does not need to switch carriers when it transmits in f1 for both service A and service B. Now f4 and f5 have the same second-priority because there is no clear advantage to select either carrier. Any packet from service C will likely to force a channel switch, as UE has to support Service A or B at the same time. In another example, UE2 with two Tx chains will be able to use both f1 and f4 at the same time to support all active services (A, B and C). So those are high-priority carriers and UE needs to try to stick to this carrier selection choice. But if high-priority carriers are not possible in per-packet carrier selection (e.g, due to CBR issue), UE can then select another second-priority carrier. 
Proposal 1
 RRC layer provides MAC layer a semi-static ranking configuration of TX carriers which considers how to best support all “active” services based on limited UE capability.
Note that this is semi-static configuration which will be changed from time to time. As UE’s TX capability is almost static, the change will due to the start or stop of a V2X service.
Proposal 2
Whenever a V2X service is started or stopped by the upper layers, the RRC layer of the UE updates the semi-static configuration.

The MAC layer operation of TX-carrier selection is that  it needs to take account of the CBR value of candidate carriers and PPPP value of the V2X message. No matter what the scheme is, it will likely check the candidate carriers one by one to see if it is proper to be used to transmit the V2X message. For this operation, the MAC layer operation can check corresponding carriers one by one based on the priority of the carriers. For example, for a V2X message of service B, f1, f2 and f3 are allowed, the UE could check f1 first, if the CBR and PPPP value allows f1 to be used, then there is no need to check other carriers because f1 is high-priority carrier, which minimize the UE capability issues.
Proposal 3
MAC layer TX carrier selection algorithm, when taking account of CBR and PPPP, examines the TX carriers based on the ranking of carriers provided in RRC configuration. 
3
Conclusion 

In this contribution, we discussed semi-static configuration in RRC layer to be used for carrier selection in CA for V2X phase 2. We have the following observations and proposals: 

Observation 1
A higher-layer configuration (i.e. RRC layer) can take into account currently active services altogether and provide macro-level view to carrier selection, which will not be available in MAC layer-only schemes.

Proposal 1
 RRC layer provides MAC layer a semi-static ranking configuration of TX carriers which considers how to best support all “active” services based on limited UE capability.
Proposal 2
Whenever a V2X service is started or stopped by the upper layers, the RRC layer of the UE updates the semi-static configuration.

Proposal 3
MAC layer TX carrier selection algorithm, when taking account of CBR and PPPP, examines the TX carriers based on the ranking of carriers provided in RRC configuration. 
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