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1
Introduction
RAN2#101 has reached the following agreements on CA TX carrier selection for V2X phase 2 [1]:
Agreements
1: When UE performs Tx carrier selection using CBR and PPPP, Tx carrier selection based on a configuration of Rel-14 CBR-PPPP-TxConfigList is used as a baseline.

2: Tx carrier selection based on (pre)configuration is performed in MAC layer. FFS on the need of LCP change.
3: For Tx carrier selection, introduce new Rel-15 parameters on top of the Rel-14 CBR-PPPP-TxConfigList.

4: FFS on how to select the final carrier(s) among the multiple candidate carriers in which the UE is capable to transmit. We will decide option out of two (i.e. based on CBR or leaving it to UE implementation) next meeting.

In this paper, we discuss several remaining issues of carrier selection for CA.
2
Discussion

2.1 
LCP and carrier selection
In Rel-14, LCP (logical channel prioritization) procedure defined for legacy LTE is not changed [2] and the UE can multiplex multiple logical channels to the same MAC PDU if it has the same pair of Layer 2 IDs are used in MAC header.  However, in Rel-15, among the same Source-Destination L2 address pair, there may be MAC SDUs belong to different logical channels, so they are tagged with different LCIDs. Those packets from different logical channels may not be able to be multiplexed because they are from different services and may require to be sent in different carriers. This problem is also observed in an earlier paper [3] with the following observation (cited below): 

Observation 1: A UE may be unable to select any proper carrier to transmit the packets within the same Destination, if these packets are with different applicable carrier frequency(ies) as instructed by the upper layer, especially when one packet shares no applicable carrier frequency with another. 

Based on our understanding of the SA2 specificaiton, the problem does exist because there is no any constraint preventing different V2X service identifiers (e.g., PSID) mapped to the same destination address [5]. Given this, those packets from different logical channels may not be able to be multiplexed because they are from different services and may require to be sent in different carriers. This means, the multiplexing and assembly cannot be completely blind to the carrier(s) to be chosen for each MAC SDU which to be multiplexed. As agreed in RAN2, SL HARQ entity is per carrier and LCP is done at MAC entity. Thus, RAN2 need to reconsider the relationship between LCP and carrier selection. 

Proposal 1
Carrier selection decision based on each MAC SDU instead of MAC PDU and is determined before LCP is executed.
Proposal 2 
LCP is done in each SL HARQ entity per carrier instead of by MAC entity.
2.2
CR and CR Limit configuration for TX carrier selection
RAN2 has agreed that UE conducts Tx carrier selection based on a configuration of which Rel-14 CBR-PPPP-TxConfigList is used as a baseline.  When this configuration is applied, there is one important step is to evaluate the CR (Channel Occupancy Ratio). CR is defined as below in [4]:
Channel occupancy ratio (CR) evaluated at subframe n is defined as the total number of subchannels used for its transmissions in subframes [n-a, n-1] and granted in subframes [n, n+b] divided by the total number of configured sub-channels in the transmission pool over [n-a, n+b].

With this Rel-14 RRC configuration “CBR-PPPP-TxConfigList”, the congestion control is performed on a per-packet basis. Thus, the evaluation of the following formula (by comparing that “CR” value towards the CR-limit) is based on the observation history of UE’s own “past usage” of a single channel (e.g., in last 1000ms), and the new transmission’s contribution to the “CR” value is already considered because it is “granted”. 
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In other words, in Rel-14, the packet transmission’s impact to the CR usage value in this carrier is a sure thing, not a hypothesis. However, in Rel-15, when this CBR-PPPP-TxConfigList configuration is reused for carrier selection purpose, it is different usage scenario. A UE need evaluate the above formula for all the candidate carriers. For the carriers which the UE has not used yet, the CR measurement (for those MAC transmission(s)) is non-existing, and the evaluation of the CR may need to be based on a hypothesis that “what will be the CR if the UE chooses this carrier?”.

We can consider two different cases:

1. Initial carrier selection. In this case, the packets for a V2X service has not been transmitted yet. Thus, the CR usage contributed by this new service are 0 in the CR measurements of all candidate carriers. In this case, the UE may use the above formula directly for carrier selection. 

2. Carrier reselection.  This will force a UE to compare an observed CR usage value in one carrier with a hypothetic value in another carrier. For example, let us assume f1 is currently used by a UE for transmitting V2X messages of a certain service type. When carrier reselection is triggered, the observed CR usage according to the Rel-14 definition in another channel f2 could be 0, which is much less than the observed CR value used in f1.  So, when UE evaluate CR values in multiple channels, it is clearly unfair to the currently used channel because only this channel has a non-zero “CR” contributed by the subchannels used by pass transmissions for this V2X service.  One of the possible solution is to figure out a way to calculate the hypothetic “CR” usage for a currently unused carrier if UE selects that carrier. However, CR is defined in RAN1 specification. So far, the CR evaluation is only categorized based on PPPP, not based on logical channels, or V2X services. So, it is not clear if and how RAN1 can provide such hypothetic value of CR to be used in carrier selection. Thus, RAN1 input of this issue is needed.
What’s more, if the CR is not evaluated hypothetically, there is a technical loophole for UE to avoid the congestion control by keep switching carriers. This is because the CR is only fully evaluated with 1000ms observation history. If a UE keeps jumping carriers every 1000ms, it basically can keep using the radio resource beyond its CR_limit. In every carrier, the UE can get a “free ride” to transmit before any CR can be measured. This is also due to the design flaw that there is no “hypothetic” CR contribution assessed for UE’s future usage of the resource in one carrier when carrier-switching happened. Therefore, based on the analysis above, we have the following proposals: 
Proposal 3
Reuse Rel-14 mechanism of CR evaluation for initial carrier selection.
Proposal 4 
RAN2 send an LS to RAN1 to ask if CR can be evaluated hypothetically for carrier reselection purpose.
2.3
How to select the final carrier
Regarding the following FFS issue:
FFS on how to select the final carrier(s) among the multiple candidate carriers in which the UE is capable to transmit. We will decide option out of two (i.e. based on CBR or leaving it to UE implementation) next meeting
This “final carrier selection” step immediately follows the Step 1 (the step to apply CBR-PPPP-TxConfigList configuration) because after the elimination process, the carrier choices which satisfy CR-limit requirements (based on PPPP and CBR measurements) may still not unique. 

First, we do not agree with keep using the carrier with the lowest CBR because CBR has already been considered in Step 1. There is no need to consider it again. Load-balancing is not a primary design goal of this V2X phase 2 work. Logically, we do not introduce the design aggravating congestion issue. But other than that, imbalanced traffic distribution among carriers is acceptable and does not need to be actively avoided.

Second, we believe that the Tx capability issue (such as the re-tuning issue, efficiency issue and CBR measurement overhead) should not be neglected. So, the choice needs to be made with a reference to a semi-static ranking of set of carriers of all active services based on the TX capability. Such a ranking list can be created by UE itself based on its own capability and start/stop indication of services provided by the upper layers, but the ranking algorithm needs to be specified by RAN2 to ensure consistent TX UE behaviour and performance. If the remaining carriers after step 1 have different rankings in this semi-static list, the UE shall always pick the highest one. If the carriers have the same ranking, the UE shall pick the one with lowest index of the frequency carrier. (e.g., f1>f2 if f1 and f2 has the same ranking).
Third, resource pools may be configured differently in different carriers. With certain resource pools, the UE may be less likely to find proper resource to meet the packet delay budget. And this can happen in a pool with good CBR value. For example, if a pool with 100-bit subframeBitmap has 50 ‘0’ bits then followed by 50 ‘1” bits. The pool could be rarely used with an almost zero CBR. However, for certain traffic arrival pattern with PPPP mapped to 20ms or 50ms delay requirement, it would be really difficult to select eligible resource, therefore, resource reselection will be frequently triggered and the UE will keep ending in this same low-CBR carrier if UE is not allowed with other choice. Therefore, it is better for UE implementation to do the final carrier and resource pool selection, so that give more flexibility for UE to guarantee service QoS requirement. To use only lowest CBR value to select carrier will limit the UE behaviour of latency requirement guarantee.
Finally, among the carrier, maybe only one of them is the CA synchronization carrier where UE is used to transmit SLSS. To avoid frequency switching, the UE may prefer to schedule TX transmission in this CA synchronization carrier.

Based on the above comprehensive considerations, there is a variety of reasons to give UE more flexibility in this step of carrier selection. Hence, it is reasonable to have the following proposal: 
Proposal 5 
The final carrier selection among the carriers satisfying the CBR-PPPP-TxConfigList is left to UE implementation.
3
Conclusion 

In this paper, we discuss the remaining issues of TX carrier selection and have following proposals:
Proposal 1
Carrier selection decision based on each MAC SDU instead of MAC PDU and is determined before LCP is executed.
Proposal 2 
LCP is done in each SL HARQ entity per carrier instead of by MAC entity.
Proposal 3
Reuse Rel-14 mechanism of CR evaluation for initial carrier selection.
Proposal 4 
RAN2 send an LS to RAN1 to ask if CR can be evaluated hypothetically for carrier reselection purpose.
Proposal 5 
The final carrier selection among the carriers satisfying the CBR-PPPP-TxConfigList is left to UE implementation.
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