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1 Introduction
In RAN#75, it was approved a new work item 3GPP V2X Phase 2 [1] to support advanced V2X services which are identified in SA1 TR 22.886 [2]. The work item includes the objective to enhance the carrier aggregation functionalities up to 8 carriers.

During RAN2#100 and RAN2#101, it was agreed to specify some carrier selection mechanisms to determine which carriers a UE should use for transmitting and receiving. 

In this contribution, we mainly focus on the impact in MAC layer of sidelink carrier selection, by considering the issues discussed in the email discussion [3].   

2 Discussion

In the email discussion [3], it was discussed to use some of the legacy resource reselection triggering to trigger carrier reselection. 
For convenience, we report in the following such legacy resource reselection triggering criteria:

	From RAN1#90-bis agreements:

-
if the MAC entity is configured by upper layers to transmit using a pool of resources as indicated in subclause 5.10.13.1 of [8] based on sensing, or partial sensing, or random selection only if upper layers indicates that transmissions of multiple MAC PDUs are allowed according to subclause 5.10.13.1a of [8], and 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:

-
if SL_RESOURCE_RESELECTION_COUNTER = 0 and when SL_RESOURCE_RESELECTION_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 transmission(s) with the configured sidelink grant cannot fulfil the latency requirement of the data in a sidelink logical channel according to the associated PPPP, and the MAC entity selects not to perform transmission(s) corresponding to a single MAC PDU; or
NOTE:
If the latency requirement is not met, it is left for UE implementation whether to perform transmission(s) corresponding to single MAC PDU or sidelink resource reselection.

-
if a pool of resources is configured or reconfigured by upper layers:

<Text Omitted>


The above resource reselection triggering criteria can be used by the MAC entity to trigger carrier reselection. In fact, RAN1 pointed out in RAN1#90-bis, that once a sidelink carrier is selected the UE shall keep using it at least until resource reselection is triggered according to Rel.14 principles.

	From RAN1#90-bis agreements:

· From RAN1 perspective, once a carrier is selected, the same carrier is used for all MAC PDUs of the same sidelink process at least until resource reselection is triggered for that same sidelink process based on Rel-14 triggering conditions. 
· Note that the UE is not precluded to switch transmission chains between component carriers for different sidelink processes


Therefore, it seems natural that the Rel.14 resource reselection criteria should be used also by the MAC entity to perform carrier reselection.

Proposal 1 The MAC entity shall use the existing resource reselection criteria to trigger carrier reselection.

However, some considerations are needed, since the above legacy triggering conditions might be handled differently in the MAC specification.
To this end in RAN2#101-bis it was agreed the following:

	From RAN1#101-bis agreements:


If first conditions is met for a carrier, the UE can:

a.
Stop using this carrier for this HARQ process,

b.
Start using one (or more) carrier(s) not currently in use (i.e. with no configured grant)

c.
Keep using this carrier for this HARQ process, and do resource reselection for this carrier (i.e. select a new grant)

d.
Select a new grant in one of the carriers already in use (i.e. with already selected grants)

·  Confirm the proposal1 is common understanding.

·  UE is not required to perform all a) to d).




The reason for the above is due to the fact, that the SL_RESOURCE_RESELECTION_COUNTER counter counts how many transmissions have taken place in a given carrier for a given SL process, and in the Rel.15 CA framework, it would be decremented by the HARQ entity for a given SL process when a MAC PDU is delivered to lower layers. Therefore, when the above condition is met for a given carrier, only such carrier should be subject to carrier reselection, i.e. the MAC entity should only evaluate for this carrier whether to keep using it or not, while all the other carriers currently in use should not be affected by carrier reselection procedures. If the MAC entity triggers carrier reselection for all carriers whenever the first conditions above is met, there might be the risk for too frequent carrier switches, since each HARQ entity maintains its own SL_RESOURCE_RESELECTION_COUNTER.

The second, third, fourth, seventh triggering conditions should be handled in a similar way as the first triggering condition:
1. “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;”

2. “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”
3. “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”

4. if a pool of resources is configured or reconfigured by upper layers:
The reason is that all the above conditions are related to events that affect only a single given sidelink process and only a single carrier in which this SL process is operating.

Proposal 2 The MAC entity shall trigger carrier reselection for the specific carrier in which the following events have occurred:

a. if SL_RESOURCE_RESELECTION_COUNTER = 0 and when SL_RESOURCE_RESELECTION_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;
b. 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;
c. 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; 

d. if a pool of resources is configured or reconfigured by upper layers
However, the other conditions should be handled differently than the ones above.
For example, if the MAC SDU does not fit on a certain carrier this does not imply that the UE shall perform carrier reselection if there are other carriers that can accommodate this MAC SDU. If there is at least one configured sidelink grant in a certain carrier which can accommodate the RLC SDU with no fragmentation, the UE should use that. However, the existing procedural text implies that such condition shall be checked by the MAC entity per sidelink process. That implies that if the carrier in which this SL process is operating cannot fit the MAC SDU the UE will reselect this carrier, even if there are other carriers which can accommodate this MAC SDU. This might lead to unnecessary carrier reselection triggering. 
Observation 1 If legacy MAC specification is followed, the MAC entity shall check for each SL process if the MAC SDU does not fit in the carrier in which the SL process is operating. This implies that many carrier reselections may be triggered, even if there is one or more carrier that can accommodate such MAC SDU with no fragmentation.

Similarly, if the UE has a configured sidelink grant on at least one sidelink carrier, the UE should not trigger resource reselection. The UE should rather try to use the configured sidelink grant on the already active carriers, in order to avoid scattering sidelink transmissions on many different carriers.
Additionally, the MAC entity should check whether the latency requirement can be fulfilled in at least one of the sidelink grants already configured in the sidelink carriers. If there is at least one carrier in which the latency requirement can be fulfilled, carrier reselection should not be triggered, to avoid scattering transmissions unnecessarily on many carriers.

Therefore, in our understanding, the following conditions should be evaluated by the MAC entity across all the sidelink carriers:

1. “if there is no configured sidelink grant;”

2. “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”
3. “if transmission(s) with the configured sidelink grant cannot fulfil the latency requirement of the data in a sidelink logical channel according to the associated PPPP, and the MAC entity selects not to perform transmission(s) corresponding to a single MAC PDU;”
Proposal 3 The MAC entity shall check the following conditions across all the sidelink grants currently in use, i.e. the MAC entity shall trigger carrier reselection only if the following conditions cannot be met for none of the sidelink grants currently in use:

a. if there is no configured sidelink grant;
b. 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; 
c. if transmission(s) with the configured sidelink grant cannot fulfil the latency requirement of the data in a sidelink logical channel according to the associated PPPP, and the MAC entity selects not to perform transmission(s) corresponding to a single MAC PDU.
3 Conclusion

In section 2 we made the following observations:
Observation 1
If legacy MAC specification is followed, the MAC entity shall check for each SL process if the MAC SDU does not fit in the carrier in which the SL process is operating. This implies that many carrier reselections may be triggered, even if there is one or more carrier that can accommodate such MAC SDU with no fragmentation.


Based on the discussion in section 2 we propose the following:
Proposal 1
The MAC entity shall use the existing resource reselection criteria to trigger carrier reselection.
Proposal 2
The MAC entity shall trigger carrier reselection for the specific carrier in which the following events have occurred:
a.
if SL_RESOURCE_RESELECTION_COUNTER = 0 and when SL_RESOURCE_RESELECTION_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;
b.
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;
c.
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;
d.
if a pool of resources is configured or reconfigured by upper layers
Proposal 3
The MAC entity shall check the following conditions across all the sidelink grants currently in use, i.e. the MAC entity shall trigger carrier reselection only if the following conditions cannot be met for none of the sidelink grants currently in use:
a.
if there is no configured sidelink grant;
b.
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;
c.
if transmission(s) with the configured sidelink grant cannot fulfil the latency requirement of the data in a sidelink logical channel according to the associated PPPP, and the MAC entity selects not to perform transmission(s) corresponding to a single MAC PDU.
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