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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 this contribution, we discuss the detailed procedure of carrier selection for CA-based eV2x.
2 Discussion
2.1 Tools from Rel-14 V2x
As agreed in RAN2#97, there was already a mapping between service type and V2x frequencies defined in Rel-14 V2x.
RAN2 will not optimize procedures for non-safety in Rel-14. To be forward compatible, we will only have a stage-2 description: a mapping between service types and V2X frequencies is configured by upper layers. The UE should ensure a service to be transmitted on the corresponding frequency.

As captured in TS 24.386 by SA2, this mapping is to be configured in the UICC and/or ME.
	The configuration parameters for V2X communication over PC5 consist of:

<Text removed>

i)
optionally, V2X service identifier to V2X frequency mapping rules between the V2X service identifiers and the  V2X frequencies with associated geographical areas for V2X communication over PC5.
<Text removed>

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:

<Text removed>


then the UE shall:

1)
if the UE is configured with V2X service identifier to V2X frequency mapping rules for V2X communication over PC5 as specified in subclause 5.2.4 and there is one or more V2X frequencies associated with the V2X service identifier of the V2X service for the V2X message in the current the geographical area, pass the one or more V2X frequencies associated with the V2X service identifier of the V2X service for the V2X message to the lower layers;


Observation 1 Rel-14 V2x has defined a mapping between service type (i.e., PSID / ITS-AID) and V2x frequencies.
Therefore, Rel-15 eV2x should follow the Rel-14 definition as a first step, before introducing additional input factors for carrier selection.

Proposal 1 Rel-15 eV2x follows mapping between service type (i.e., PSID / ITS-AID) and V2x frequencies framework defined in Rel-14 V2x for carrier selection.
Another tool is the CBR-PPPP table which is defined in Rel-14 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 2 Rel-14 V2x has defined CBR-PPPP table to restrict pool usage for specific PPPP value and CBR range.
Therefore, Rel-15 V2x should reuse the Rel-14 CBR-PPPP table as one tool for carrier selection, before introducing additional input factors.
Proposal 2 Rel-15 eV2x reuses CBR-PPPP table defined in Rel-14 V2x for carrier selection.  

2.2 What is more for Rel-15 eV2x
From section 2.1, it is clear that Rel-14 has defined PSID / ITS-AID and PPPP based carrier selection, then what the additional input factors are for carrier selection for Rel-15 eV2x? For this, we see the following 3 use cases as the additional of eV2x on top of V2x.

Agreement: For RAN1, 3 use cases are considered for CA (Note that all use cases may not necessarily be supported):

Parallel transmission of MAC PDUs (‘parallel’ means at the same or different transmission time, but on different carriers). The MAC PDU payloads are different. 

Parallel transmission of replicated copies of the same packet (‘parallel’ means at the same or different transmission time, but on different carriers)

- FFS at which layer replication is done
Capacity improvements from the receiver perspective

- Note: From the receiver’s perspective, simultaneous reception over multiple carriers is assumed. From a transmitter’s perspective, transmission occurs over a subset of the available carriers

- For example, capacity could be increased a UE transmits on a single carrier (which can be different for each UE), but receives over all carriers
First of all, for use case 2, i.e., the duplication case, RAN2#99 has concluded that

=> Use case 1 and 3 should be supported. 
=> FFS on the need (e.g. pros and cons) and details of packet duplicated transmission based on the different mechanism.
So that it is straightforward to start from use case 1 and 3 in terms of carrier selection.

Proposal 3 RAN2 prioritizes use case 1 and 3 (non-duplication case) for Rel-15 eV2x carrier selection mechanism design.

For use case 1 which is for Tx UE, 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.
Proposal 4 RAN2 specifies a tool for load balancing by comparing CBR of multiple pools / frequencies.

Besides, there is proposal to use data rate or buffer status as input factors [3], 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, the UE need to use multiple carrier to deliver all the data volume (due to the restricted sub-channel, MCS, power on a single carrier), but on the other hand, due to the rule based on data rate or buffer status, the UE cannot use more than one carrier to deliver the data volume. 

Observation 3 Data rate / buffer status based pool / frequency usage criterion would cause conflict with the legacy L1 parameter tables.

Proposal 5 RAN2 does not specify data rate or buffer status based carrier selection criterion.

For use case 3 which is for Rx UE, since Rel-14 V2x CBR-PPPP table has been defined to regulate Tx UE behaviour, the Rx UE can based on that to tune its Rx chain accordingly. For example, for a Rx UE with limited Rx chain, it may observe the CBR-PPPP table 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 6 Allow Rx carrier selection by using CBR-PPPP table.

3 Conclusion
Based on the discussion in section 2 we have following observations:
Observation 1
Rel-14 V2x has defined a mapping between service type (i.e., PSID / ITS-AID) and V2x frequencies.
Observation 2
Rel-14 V2x has defined CBR-PPPP table to restrict pool usage for specific PPPP value and CBR range.
Observation 3
Data rate / buffer status based pool / frequency usage criterion would cause conflict with the legacy L1 parameter tables.


Based on the observations, we propose:
Proposal 1
Rel-15 eV2x follows mapping between serivce type (i.e., PSID / ITS-AID) and V2x frequencies framework defined in Rel-14 V2x for carrier selection.
Proposal 2
Rel-15 eV2x reuses CBR-PPPP table defined in Rel-14 V2x for carrier selection.
Proposal 3
RAN2 prioritizes use case 1 and 3 (non-duplication case) for Rel-15 eV2x carrier selection mechanism design.
Proposal 4
RAN2 specifies a tool for load balancing by comparing CBR of multiple pools / frequencies.
Proposal 5
RAN2 does not specify data rate or buffer status based carrier selection criterion.
Proposal 6
Allow Rx carrier selection by using CBR-PPPP table.
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