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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)
=> FFS on how to handle limited Rx chains
=> A SL HARQ entity per SL carrier

=> A sidelink HARQ entity is in charge to perform selection/reselection of transmitting resources according to the sensing results of the associated sidelink component carrier.
In this contribution, we discuss the detailed procedure of resource selection for CA-based eV2x.
2 Discussion
Before the UE runs into the following procedure of resource selection, it is assumed that it already follows the carrier selection criterion given in [1]. I.e., if after the carrier selection criterion, there is still more than one carrier to select, the following procedure provides one way out.

Considering in Rel-14, there are two types of resource selection scheme defined,

· Mode-3: network scheduled mode;

· Mode-4: UE autonomous selection mode;

In this section, we discuss the detailed procedure for the two modes respectively.

2.1 Mode-4
It was agree at RAN2#99 that Rel-15 eV2x keeps the carrier-specific resource selection / reselection as in Rel-14 V2x
=> A sidelink HARQ entity is in charge to perform selection/reselection of transmitting resources according to the sensing results of the associated sidelink component carrier.
Rel-14 specified some resource reselection triggers (i.e., reselection timer expiry, empty transmission, too-large RLC SDU, pool (re)configuration) in a per-process manner

else, if the MAC entity is configured by upper layers to transmit based on sensing using a pool of resources as indicated in subclause 5.10.y.1 of [8], the MAC entity selects to create a configured sidelink grant corresponding to transmissions of multiple MAC PDUs, and data is available in STCH, the MAC entity shall for each Sidelink process configured for multiple transmissions based on sensing:
-
if SL_RESOURCE_RESELECTION_COUNTER = 0 and when SL_RESOURCE_RESLECTION_COUNTER was equal to 1 the MAC entity randomly selected, with equal probability, a value in the interval [0, 1] which is above the probability configured by upper layers in probResourceKeep; or
-
if neither transmission nor retransmission has been performed by the MAC entity on any resource indicated in the configured sidelink grant during the last second; or

-
if sl-ReselectAfter is configured and the number of consecutive unused transmission opportunities on resources indicated in the configured sidelink grant is equal to sl-ReselectAfter; or
-
if there is no configured sidelink grant, or if the configured sidelink grant cannot accommodate a RLC SDU by using the maximum allowed MCS configured by upper layers in maxMCS-PSSCH and the MAC entity selects not to segment the RLC SDU; or
NOTE: If the configured sidelink grant cannot accommodate the RLC SDU, it is left for UE implementation whether to perform segmentation or sidelink resource reselection.
-
if a pool of resources is configured or reconfigured by upper layers:
When designing the mechanism for carrier selection, it is preferred to keep the behaviour / spirit of “process-specific resource (re)selection” in legacy system. In order to achieve this, it would be preferred to do the carrier selection in a “process-specific” manner. In other words, when a resource selection is triggered by the defined trigger(s), the specific process can reselect the resource on the same carrier, or reselect to another carrier for resource reselection. Otherwise, carrier (re)selection should not be triggered. This is important to avoid introducing additional resource reselection in the system due to carrier (re)selection, which would destroy the premise of using listen-before-talk behaviour, i.e., the stability of interference environment.
Proposal 1 In Rel-15 eV2x mode-4, reuse the Rel-14 resource reselection triggers for each sidelink process.

Proposal 2 In Rel-15 eV2x mode-4, each sidelink process (re)select carriers only if resource reselection is triggered.

In more details, for a specific sidelink process A operating on carrier X, it may reselect to carrier Y when resource reselection is triggered (Y can be the same or different carrier of X). On carrier Y, L1 parameters are restricted, due to the table for speed and table for CBR and PPPP defined in Rel-14 V2x. The two tables regulate the allowed value of MCS, subchannel number, Tx power level and re-transmission number. And this L1 parameter restricts the data volume to be carried in a carrier (e.g., carrier Y). 

Observation 1 Rel-14 speed table and CBR/PPPP table restricts the data volume which can be carried in a carrier.

Therefore, there could be two different scenarios:

· Case-1: L1 parameter restriction allows enough resource on carrier Y;

· Case-2: L1 parameter restriction does not allow enough resource on carrier Y;

In case-1, a new process can be created on carrier Y, or if the maximum number of processes on carrier Y has been reached (e.g., there are already process B and C on carrier Y), a resource reselection of existing process on carrier Y (e.g., process B or C) can be triggered to reselect to aggressive L1 parameter (more PRB, higher MCS level, higher Tx power), since too-large RLC SDU is already a reselection trigger defined in Rel-14 V2x. Or another way is to use one-shot transmission if the packet happens occasionally.
Proposal 3 In Rel-15 eV2x mode-4, if the (re)selected carrier can carry all data volume, either one-shot or multi-shot transmission can be utilized.

In case-2, since anyway carrier Y cannot carry all the data from process A, e.g., can only carry data volume of A1 (less than the data volume A), it would straightforward to employ another carrier Z (Z is different from Y, yet can be the same as X) to carry the left data volume (i.e., the data volume of A – A1). For this part of data volume, the same carrier selection procedure can be employed. Still in this case-2, the newly generated process on carrier Y and carrier Z would afterwards operate independently.

Proposal 4 In Rel-15 eV2x mode-4, if the reselected carrier cannot carry all data volume, the remaining volume would trigger another carrier reselection procedure.

Carrier reselection is a tool for the system to balance the load between different carriers. However, it also increases the load variance on each specific carrier. Due to the CBR / PPPP table, this load variance would cause the change of allowed L1 parameter, and would further cause the change of interference environment. Considering listen-before-talk behaviour relies on a stable interference environment to take effect, it is good to balance between the load variance of a single carrier and the loading balance between different carriers.
Proposal 5 RAN2 to discuss how to avoid too-frequent carrier reselection for Rel-15 eV2x mode-4. 

2.2 Mode-3

In mode-3, it is up to network to schedule SL grant on different carriers, and carrier selection is an integrated part of SL grant (for both dynamic and SPS grant). Considering network has all the necessary input like buffer status and CBR measurement result, it is fully up to network scheduler implementation. 

Proposal 6 In Rel-15 eV2x mode-3, network decides on the carrier / resource (re-)selection to generate dynamic or SPS grant.

3 Conclusion
Based on the discussion in section 2 we have following observations:
Observation 1
Rel-14 speed table and CBR/PPPP table restricts the data volume which can be carried in a carrier.


Based on the observations, we propose:
Proposal 1
In Rel-15 eV2x mode-4, reuse the Rel-14 resource reselection triggers for each sidelink process.
Proposal 2
In Rel-15 eV2x mode-4, each sidelink process (re)select carriers only if resource reselection is triggered.
Proposal 3
In Rel-15 eV2x mode-4, if the (re)selected carrier can carry all data volume, either one-shot or multi-shot transmission can be utilized.
Proposal 4
In Rel-15 eV2x mode-4, if the reselected carrier cannot carry all data volume, the remaining volume would trigger another carrier reselection procedure.
Proposal 5
RAN2 to discuss how to avoid too-frequent carrier reselection for Rel-15 eV2x mode-4.
Proposal 6
In Rel-15 eV2x mode-3, network decides on the carrier / resource (re-)selection to generate dynamic or SPS grant.
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