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1 Introduction
Based on RAN1 and RAN2 progress [1][2], this contribution will analyse potential RAN2 impacts on Mode 4 resource selection mechanism and discuss related issues on the handling of sidelink process for sidelink transmission, in the case of PC5 CA.
Compared with the earlier version, this revision further identifies some specific technical issues that could be caused to carrier selection by directly reusing Rel-14 resource reselection mechanism, and suggests RAN2 to discuss them.

2 Discussion
2.1 Resource selection mechanism
Since the MAC layer takes the responsibility for resource (re-)selection for different pools on different carriers in PC5 CA, there are some inherent relationships between resource selection and carrier selection which determine together the actual resources the UE eventually selects. According to the following RAN1 agreements [2], the same carrier is used at least until resource reselection is triggered to avoid over-frequent carrier selection as well as resource selection. 
	Agreements:
· Confirm the following working assumption made in RAN1#90bis meeting with the following update:

· For a given MAC PDU, RAN1 assumes that a single carrier is provided by higher layer for its transmission. 

· From RAN1 perspective, the following factors can be taken into account for TX carrier selection.  

· CBR

· UE capability (e.g. number of TX chains, implementation related aspects such as power budget sharing capability, TX chain retuning capability)

· For a given MAC PDU, a single carrier is used for transmission and potential retransmission of this MAC PDU.

· 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 and, if any, new Rel-15 triggering conditions.
· Note that the UE is not precluded to switch transmission chains between component carriers for different sidelink processes.


On the other hand, the above RAN1 agreements also mean that the carrier selection can be triggered only if resource (re)selection is triggered, which is also a number of companies' views in RAN2 [3][4][5] (with details up to Tx carrier selection discussion). 

Therefore, assume that the carrier reselection is also triggered, when resource reselection is triggered by a sidelink process. Then, there can be two possible situations for this time of resource reselection: 
· The same carrier associated with this sidelink process is selected again and reused, or
· A new carrier, which is different from the carrier associated with this sidelink process, is selected. 
If UE selects the same carrier, it is better for the UE to still follow the legacy Rel-14 resource reselection procedures. 
Proposal 1: If resource reselection is triggered by a sidelink process and the UE selects the same carrier this sidelink process is associated with, the MAC entity reselects resources for this sidelink process reusing resource reselection procedure as in Rel-14.
Now let us focus on the case where a sidelink process triggers a resource reselection but "A new carrier, which is different from the carrier associated with this sidelink process, is selected". If we in this case directly follow the existing resource reselection procedures in Rel-14, there could be some technical problems as follows. 

First, the MAC entity should no longer reselect resources for a sidelink process, if resource reselection is triggered by this sidelink process but a carrier other than that associated with the sidelink process is selected (since this case means the MAC entity decides to select resources on a new carrier, instead of the carrier of the sidelink process, for next transmissions). Based on Rel-14 resource reselection procedures (in Table 1 below), however, as long as resource selection is triggered by a sidelink process and there is data available for transmission (green highlighted), the MAC entity will still reselect resources for the sidelink process, even if the associated carrier is NOT selected. This will have the carrier reselection make no sense, and thus should be avoided. 
Observation 1: As per the existing resource reselection procedure in Rel-14, when resource reselection (and thus carrier selection) is triggered by a sidelink process, the MAC entity may still reselect resources for this sidelink process on its associated carrier, even if the carrier is not selected. 
To this end, RAN2 should discuss how to settle the issue revealed in Observation 1, i.e. to avoid the improper resource selection on the carriers not selected by the UE. 

Proposal 2: RAN2 should discuss how to address the issue revealed by Observation 1, i.e. how to avoid the improper resource reselection on the carriers not actually selected by the UE.

Another issue is that, if carrier selection is triggered due to the resource reselection for a sidelink process but its carrier is not selected, no resources will be reselected for this sidelink process which however will keep on meeting resource reselection conditions and triggering frequent (but meaningless) carrier selection afterward. For example, if resource reselection (and thus carrier selection) is triggered by a sidelink process whose SL_RESOURCE_RESLECTION_COUNTER becomes 0 but its associated carrier is not selected for this time of carrier selection, then not any resources will be reselected for this sidelink process subsequently, so that the condition "if SL_RESOURCE_RESLECTION_COUNTER = 0" keeps on being met and consistently triggers carrier selection. We think such a problem of over-frequent carrier reselection, which is raised by directly reusing Rel-14 V2X, should be addressed, too. 
Table 1. Resource reselection procedures in Rel-14 V2X [6]

	[…]
-
else, 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_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 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:
-
clear the configured sidelink grant, if available;

-
select one of the allowed values configured by upper layers in restrictResourceReservationPeriod and set the resource reservation interval by multiplying 100 with the selected value;

[…]

-
else 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 less than or equal to the probability configured by upper layers in probResourceKeep:

-
clear the configured sidelink grant, if available;

-
randomly select, with equal probability, an integer value in the interval [5, 15] for the resource reservation interval higher than or equal to 100ms, in the interval [10, 30] for the resource reservation interval equal to 50ms or in the interval [25, 75] for the resource reservation interval equal to 20ms, and set SL_RESOURCE_RESELECTION_COUNTER to the selected value;

-
use the previously selected sidelink grant for the number of transmissions of the MAC PDUs determined in subclause 14.1.1.4B of [2] with the resource reservation interval to determine the set of subframes in which transmissions of SCI and SL-SCH occur according to subclause 14.2.1 and 14.1.1.4B of [2];

[…]


Observation 2: When a sidelink process triggers resource reselection (and thus carrier selection) but its associated carrier is not selected for this time of carrier selection, then based on Rel-14 resource reselection procedure, this sidelink process will keep on meeting resource reselection conditions afterward and result in over-frequent unexpected carrier selection. 
RAN2 are also asked to discuss how to deal with this issue, i.e. how to avoid over-frequent carrier selection caused by resource reselection triggers per sidelink process. 

Proposal 3: RAN2 should discuss how to deal with the over-frequent carrier selection, which is caused by resource reselection triggers per sidelink process, as identified in Observation 2. 
2.2 Transmissions per Sidelink process
In Rel-14 V2X, it is agreed that up to 2 independent sidelink processes for resource reservation are allowed for the UE, which means that one UE can at most run 2 sets of semi-persistent transmissions in parallel. This may not be enough for Rel-15 V2X phase 2, due to the introduction of CA into PC5 and the newly introduced services such as vehicles platooning, advanced driving, extended sensors and remote driving.  
To this end, there are likely, compared with Rel-14 V2X, much more V2X service flows which are generated and require to be transmitted in parallel in Rel-15 V2X phase 2. These new services are typically with larger packet size, compared with these basic V2X messages supported in Rel-14 (e.g. CAM and DENM) [7], so that one service flow may even require multiple booking resources for their transmission (e.g. similar to DENM). 
Therefore, compared with Rel-14 V2X, Rel-15 may need more than 2 independent sidelink processes to support these new services in V2X phase 2. One option is to extend the maximum number of the sidelink processes for resource reservation per UE (e.g. 16 per UE). Another way is to define the maximum number of the sidelink processes per carrier, instead of per UE, in Rel-15 (e.g. 2 per carrier). It seems that the former option is more flexible, but may lead to over-booking issue on each carrier; whereas the later can limit the per-carrier over-booking, but is less flexible. To this end, we suggest RAN2 to discuss which way to go. 
Proposal 4: The maximum number of the sidelink processes for resource reservation should be extended in Rel-15 V2X phase 2. RAN2 should discuss whether to increase the maximum number per UE, or alternatively define the maximum number per carrier. 
3 Conclusions
In this contribution, we discussed the resource selection for PC5 CA, the following observations and proposals are given:
Observation 1: As per the existing resource reselection procedure in Rel-14, when resource reselection (and thus carrier selection) is triggered by a sidelink process, the MAC entity may still reselect resources for this sidelink process on its associated carrier, even if the carrier is not selected.
Observation 2: When a sidelink process triggers resource reselection (and thus carrier selection) but its associated carrier is not selected for this time of carrier selection, then based on Rel-14 resource reselection procedure, this sidelink process will keep on meeting resource reselection conditions afterward and result in over-frequent unexpected carrier selection. 
Proposal 1: If resource reselection is triggered by a sidelink process and the UE selects the same carrier this sidelink process is associated with, the MAC entity reselects resources for this sidelink process reusing resource reselection procedure as in Rel-14.
Proposal 2: RAN2 should discuss how to address the issue revealed by Observation 1, i.e. how to avoid the improper resource reselection on the carriers not actually selected by the UE.
Proposal 3: RAN2 should discuss how to deal with the over-frequent carrier selection, which is caused by resource reselection triggers per sidelink process, as identified in Observation 2.
Proposal 4: The maximum number of the sidelink processes for resource reservation should be extended in Rel-15 V2X phase 2. RAN2 should discuss whether to increase the maximum number per UE, or alternatively define the maximum number per carrier. 
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