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1 Introduction

In WID RP-170798, one of the objectives defined for eV2x is
1. Specify solutions for the following PC5 functionalities, which can co-exist in the same resource pools as Rel-14 functionality and use the same scheduling assignment format (which can be decoded by Rel-14 UEs), without causing significant degradation to Rel-14 PC5 operation compared to that of Rel-14 UEs: [RAN1, RAN2, RAN4]
a) Carrier aggregation (up to 8 PC5 carriers);
In this contribution, we discuss the detailed procedure of resource selection for CA-based eV2x.
2 Discussion
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-3
In Rel-14, the essential tools have been standardized to support CA-based sidelink transmission:

· UE CA capability report, e.g., band combination for sidelink

· Frequency specific RRC configuration, for both SIB21 and dedicated RRC configuration.

· DCI format 5A which is capable to indicate resource on different carriers using CIF field (3 bit to support 8 carriers), for both one-shot and SPS type scheduling.

Observation 1 Key tools are available in Rel-14 V2x for network scheduling to support PC5 CA.
One thing missing in Rel-14 V2x is CA duplication. As discussed in [1], PDCP duplication is proposed, for which 

· The first problem is to decide which sidelink radio bearer (SLRB) should benefit from duplication (or not).

· If a SLRB is to use PDCP duplication, a second problem is in what way 
· Network to decide how to schedule duplicated logical channels using different SL grants;

· UE to know how to do LCP to map duplicated logical channels into different SL grants;

In network scheduled mode (i.e., like mode-3), it is straightforward that network acts as controller for both problems, i.e., to decide whether / how a SLRB to do PDCP duplication.

Proposal 1 In Rel-15 eV2x mode-3, network decides on whether PDCP duplication is needed for a sidelink radio bearer.

For the second problem above, if for a SLRB, PDCP duplication is configured, a mapping between duplicated logical channels and SL grants is needed, which should be aligned between network and UE. To implement this, a simple solution is to follow the Uu CA duplication agreement in NR (from RAN2#98), i.e., 
Agreements for duplication in CA case

1
Duplication on a single carrier will not be supported

2
RRC configured mapping of the 2 duplicate LCHs to different carriers will be supported (One carrier cannot have both of the duplicate LCHs mapped to it)

3
Duplicated PDCP PDUs are submitted to two different RLC entities

I.e., map the two duplicated logical channels to different carrier(s), and then the resource grant(s) on the mapped carrier(s) could be therefore mapped to the logical channels correspondingly. And this mapping is to be done by network scheduler in mode-3.

Proposal 2 In Rel-15 eV2x mode-3, network decides on the mapping from duplicated logical channels to different carrier(s), for a PDCP duplication enabled sidelink radio bearer.
2.2 Mode-4
In Rel-14, for sensing based transmission (i.e., the former two ways), there are several triggers defined in Rel-14 for resource re-selection (according to TS 36.321):

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:
In other words, the re-selection triggers are defined for each sidelink process, of which the maximum number is 2 for non-CA scenario of Rel-14 V2x.
There is one Sidelink HARQ Entity at the MAC entity for transmission on SL-SCH, which maintains a number of parallel Sidelink processes.
The number of transmitting Sidelink processes associated with the Sidelink HARQ Entity is defined in [8]. A sidelink process may be configured for multiple transmissions based on sensing. For multiple transmissions based on sensing, the maximum number of transmitting Sidelink processes with the Sidelink HARQ Entity is 2.
Observation 2 Rel-14 V2x define resource re-selection triggers in a sidelink process specific way.

It is straightforward the extend the above mechanism to CA-case, so that 

· There is one sidelink HARQ entity for each carrier, and on each carrier, there could be a maximum number (e.g., 2) of sidelink processes.
· For each processes, reusing the existing triggers defined in Rel-14 for resource reselection, which is independently running between processes and thus between carriers as well.

· For the maximum number (e.g., 2) processes on each carrier, the sensing operation follows the carrier-specific (pre-)configuration of SL-CommTxPoolSensingConfig.

Proposal 3 In Rel-15 eV2x mode-4, allow independent sidelink entity and process for different carrier.

Proposal 4 In Rel-15 eV2x mode-4, reuse the Rel-14 resource reselection triggers for each sidelink process.

Still, for mode-4, one thing missing in Rel-14 V2x is CA duplication. However, there is no such network-UE alignment requirement needed for mode-4, i.e., it is fully up to transmit UE to decide for out-of-coverage case, so that no need to consider the network-UE coordination problem as in mode-3. 
Proposal 5 In Rel-15 eV2x mode-4, UE decides on whether PDCP duplication is needed for a sidelink radio bearer.

Proposal 6 In Rel-15 eV2x mode-4, UE decides on the mapping from duplicated logical channels to different carrier(s), for a PDCP duplication enabled sidelink radio bearer.

One thing to note is when the transmit UE decides to re-map between grant (the problem here is for multiple MAC PDU) and duplicated packets (from duplicated logical channels if PDCP duplication), the on-going sidelink process may not have enough resource to carry the packets, and thus a resource reselection may be triggered. In other words, too frequent remapping might increase resource reselection in the system which is not preferred by sensing-based resource selection.
Proposal 7 RAN2 to discuss how to avoid too-frequent resource reselection due to re-mapping between duplicated logical channels to carrier(s). 

3 Conclusion
Based on the discussion in section 2 we have following observations:
Observation 1
Key tools are available in Rel-14 V2x for network scheduling to support PC5 CA.
Observation 2
Rel-14 V2x define resource re-selection triggers in a sidelink process specific way.


Based on the observations, we propose:
Proposal 1
In Rel-15 eV2x mode-3, network decides on whether PDCP duplication is needed for a sidelink radio bearer.
Proposal 2
In Rel-15 eV2x mode-3, network decides on the mapping from duplicated logical channels to different carrier(s), for a PDCP duplication enabled sidelink radio bearer.
Proposal 3
In Rel-15 eV2x mode-4, allow independent sidelink entity and process for different carrier.
Proposal 4
In Rel-15 eV2x mode-4, reuse the Rel-14 resource reselection triggers for each sidelink process.
Proposal 5
In Rel-15 eV2x mode-4, UE decides on whether PDCP duplication is needed for a sidelink radio bearer.
Proposal 6
In Rel-15 eV2x mode-4, UE decides on the mapping from duplicated logical channels to different carrier(s), for a PDCP duplication enabled sidelink radio bearer.
Proposal 7
RAN2 to discuss how to avoid too-frequent resource reselection due to re-mapping between duplicated logical channels to carrier(s).
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