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1 Introduction

In RAN2#99, it was agreed that
=> RAN2 will study a proper Tx carrier selection from AS point of view (with the consideration of inter-layer interactions with upper layers)
In RAN2#99bis, it was agreed that

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 eV2X.

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 this contribution, we discuss the detailed procedure of carrier selection for CA-based eV2x.
2 Discussion
2.1 Carrier selection procedure
In this section, we discuss the carrier selection procedure step-by-step.
2.1.1 Step-1: Service based carrier set acquisition
As agreed in RAN2#99bis, the service identifier based carrier frequency selection mechanism defined in Rel-14 can be used to derive the applicable carrier set, which can be indicated as set A. And in order to obtain this mapping, UE can rely on higher layer configuration.

In order to obtain this mapping, UE can further rely on configuration from network. As is addressed in [7], network configuration can override the pre-configuration.
2.1.2 Step-2: PPPP based carrier set selection

PPPP based carrier set selection is beneficial since it would be helpful to distribute different priority level to different carrier sets, and thus UE with limited Rx chain can only focus on limited carrier(s) of higher priority levels. After this step, carrier set B is selected, which would be a sub-set of A.

2.1.2.1 PPPP definition
This is similar to CBR-PPPP table mechanism, where PPPP acts as the input. Considering the finally generated MAC PDU may include more than one logical channel(s), it would be straightforward to base on the highest priority of sidelink logical channel(s) with available data.

Proposal 1 Select carrier based on the highest priority of sidelink logical channels with available data.

2.1.2.2 Mapping between PPPP and carrier(s)
Rel-14 defines CBR-PPPP table per V2x resource pool. As shown in the following ASN.1 definition, this table regulates the L1 parameter per PPPP value and per CBR range. Therefore, using this table, UE can be prohibited / allowed to use a specific resource pool or a carrier frequency, e.g., by setting maxTxPower as minusinfinity, or cr-Limit as 0.

SL-CBR-PPPP-TxConfigList-r14 ::=
SEQUENCE (SIZE (1..8)) OF SL-PPPP-TxConfigIndex-r14
SL-PPPP-TxConfigIndex-r14 ::=

SEQUENCE {


priorityThreshold-r14


SL-Priority-r13,

defaultTxConfigIndex-r14

INTEGER(0..maxCBR-Level-1-r14),


cbr-ConfigIndex-r14



INTEGER(0..maxSL-V2X-CBRConfig-1-r14),

tx-ConfigIndexList-r14


SEQUENCE (SIZE (1..maxCBR-Level-r14)) OF Tx-ConfigIndex-r14
}

Observation 1 Rel-14 V2x has defined CBR-PPPP table to restrict pool usage for specific PPPP value and CBR range.

Proposal 2 Rel-15 eV2x reuses CBR-PPPP table defined in Rel-14 V2x for PPPP based carrier selection.  

Therefore, given the existing table, Rel-15 V2x should reuse the Rel-14 CBR-PPPP table as the baseline solution, before introducing additional input factors. Alternatives of this are, on top of the existing Rel-14 CBR-PPPP table:

· Define a CBR threshold X for each PPPP [3]

 REF _Ref503362028 \r \h 
[4]

 REF _Ref503362030 \r \h 
[5], so that a carrier is prohibited from using if the measured CBR is higher than the threshold X;
· Define applicable PPPP values set of {Y} for each carrier [6], so that a carrier is prohibited from using if the PPPP of the MAC PDU is not in the set of {Y};
However, both alternatives can already been implemented using the existing Rel-14 CBR-PPPP table, e.g., by setting L1 parameters for CBR range above X, or for PPPP values except {Y} to prohibit transmission, i.e., setting maxTxPower as minusinfinity, or cr-Limit as 0. In other words, if RAN2 agrees to use either alternative above, it has to clarify in the Rel-14 CBR-PPPP table, how to set the value of maxTxPower and cr-Limit for the CBR value range above X, and for the PPPP value out of set {Y}.
· If set maxTxPower as minusinfinity, or cr-Limit as 0, we wonder what is the added value / benefit to have another threshold;

· Else, we wonder if we expect a different operation on the same carrier for Rel-14 and Rel-15 UE, i.e., for the same carrier, do we want to prohibit Rel-15 UE but always allow Rel-14 UE? 

Proposal 3 If RAN2 abandon the Rel-14 CBR-PPPP table for carrier selection, RAN2 clarify how to set the maxTxPower / cr-Limit value in Rel-14 CBR-PPPP table.  

2.1.3 Step-3: CBR based carrier selection

Although Rel-14 V2x CBR-PPPP table is defined for congestion control in a per-pool way, i.e., L1 parameter set is defined based on the CBR of the target pool / frequency, there is no tools for Tx UE to balance between the load of different pools / carriers, i.e., there is no tools specified to motivate the UE to select resource of one pool / frequency by comparing the congestion status (e.g., CBR) of multiple pools / frequencies, i.e., when UE is to select carrier with in B, the carrier X with lower CBR is of preference. Besides, it is worth to specify details like:
· In case of non-adjacent PSCCH-PSSCH, it is the CBR of PSSCH to be used as the base of carrier selection.

· Considering the CBR reported by lower layer is limited to the history environment of 100ms, which might be very time-varying, and thus may cause too-frequency carrier reselection, and thus is harmful for the listen-before-talk behaviour of mode-4 resource selection. It is benefit to use layer-3 filtered CBR. It is also of majority support during the Rel-14 discussion on CBR [7].

Proposal 4 RAN2 specifies a tool for load balancing by selecting the carrier of lowest filtered PSSCH CBR.

2.2 Other issues for carrier selection procedure

2.2.1 Iterative carrier selection

Considering CA in eV2x is mainly to address the high data rate / ultra-reliable scenario, it might be the case that one single carrier (e.g., carrier X above) is not enough to carry the data volume, and thus an additional carrier is needed (no matter for use case 1 or 2 defined in RAN1). In this case, an additional carrier Y is to be selected from carrier set B, which is different from X. And when selecting Y, step-2/3 above (considering the PPPP and CBR) has to be run again. Since the necessity / selection of additional carrier Y depends on the volume / priority of RLC PDU (or MAC SDU), it is natural to do carrier selection at MAC layer instead of RRC layer.

Proposal 5 MAC layer is in charge of PPPP-to-carrier mapping and CBR-based load balance.
2.2.2 Other factors for carrier selection

Besides, there is proposal to use data rate or buffer status as input factors [2], i.e., the higher / lower the data rate is, or the more / less the buffered bits are, the more / fewer carriers can be selected. This is of less motivation because the resource volume utilized by UEs has already been restricted by the two tables defined in Rel-14 V2x, i.e., the speed table and the CBR-PPPP table. In other words, the introduction of additional factors would cause collision cases to solve: e.g., on the one hand, due to the restriction of L1 parameter set based on the two tables (due to the restricted sub-channel, MCS, power on a single carrier), the UE need to use multiple carrier to deliver all the data volume; but on the other hand, due to newly introduced rule based on data rate or buffer status, the UE cannot use more than one carrier to deliver the data volume. 

Observation 2 Data rate / buffer status based pool / frequency usage criterion would cause collision with the legacy L1 parameter tables.

Proposal 6 RAN2 does not specify data rate or buffer status based carrier selection criterion.

2.2.3 Rx carrier selection

For use case 3 which is for Rx UE, since PPPP-carrier mapping can be used to regulate Tx UE behaviour, as addressed in section 2.1.2 above, the Rx UE can base on that to tune its Rx chain accordingly, to focus on the limited number of carriers. For example, for an Rx UE with limited Rx chain, it may base on the PPPP-to-carrier mapping and find that some pool / frequency only target at lower priority traffic, in that case, the UE can turn off the Rx chain on that pool / frequency.

Proposal 7 Allow Rx carrier selection by using CBR-PPPP table, i.e., the turn off the Rx chain on a specific frequency if the associated PPPP is not of interest from Rx UE perspective.

3 Conclusion
Based on the discussion in section 2 we have following observations:
Observation 1
Rel-14 V2x has defined CBR-PPPP table to restrict pool usage for specific PPPP value and CBR range.
Observation 2
Data rate / buffer status based pool / frequency usage criterion would cause collision with the legacy L1 parameter tables.


Based on the observations, we propose:
Proposal 1
Select carrier based on the highest priority of sidelink logical channels with available data.
Proposal 2
Rel-15 eV2x reuses CBR-PPPP table defined in Rel-14 V2x for PPPP based carrier selection.
Proposal 3
If RAN2 abandon the Rel-14 CBR-PPPP table for carrier selection, RAN2 clarify how to set the maxTxPower / cr-Limit value in Rel-14 CBR-PPPP table.
Proposal 4
RAN2 specifies a tool for load balancing by selecting the carrier of lowest filtered PSSCH CBR.
Proposal 5
MAC layer is in charge of PPPP-to-carrier mapping and CBR-based load balance.
Proposal 6
RAN2 does not specify data rate or buffer status based carrier selection criterion.
Proposal 7
Allow Rx carrier selection by using CBR-PPPP table, i.e., the turn off the Rx chain on a specific frequency if the associated PPPP is not of interest from Rx UE perspective.
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