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1 Introduction
In this contribution, we try to identify some critical issues that prevent the Tx carrier (re)selection procedure in the existing TS 36.321 [1] from working, and provide also the proposals aiming to address these issues. A companion CR is available in [2] to show how the proposed solutions can be implemented in the specification. 
2 Discussion
The Tx carrier (re)selection procedure in the existing TS 36.321 is cited in the Appendix. Discussions in this section will be carried out towards different parts within that procedure. 

2.1 Potential Issue 1

The first issue we discovered lies in the following "if-else" condition between the initial Tx carrier selection and Tx carrier reselection triggered by resource reselection. 
	The MAC entity shall:

-
if the MAC entity is configured by upper layers to transmit using pool(s) of resources on one or multiple carriers as indicated in subclause 5.10.13.1 of 3GPP TS 36.331 [8] and data is available in STCH (i.e. initial Tx carrier selection):

[Initial Tx carrier selection procedures…]

-
else if the MAC entity has been configured by upper layers to transmit using pool(s) of resources on one or multiple carriers as indicated in subclause 5.10.13.1 of 3GPP TS 36.331 [8], and the TX carrier reselection is triggered for a process associated with a carrier according to sub-clause 5.14.1.1 (i.e. Tx carrier reselection):

[Tx carrier reselection procedures triggered by resource reselection…]


However, it can be easily seen that as long as the "else if" condition for Tx carrier reselection is met, the "if" condition for initial Tx carrier selection is bound to be satisfied as well. This is logically unacceptable, since the "if-else" needs to include conditions which are mutually exclusive to each other, instead of including the conditions which shares some common cases with each other. More importantly, from the technical perspective, such a logical error makes the UE only able to enter the first "if" to perform initial Tx carrier selection, but can never enter the "else if" to perform Tx carrier reselection (which includes further carrier keeping steps than initial carrier selection). 
Issue 1: The "if-else" condition between initial Tx carrier selection and Tx carrier reselection is not described properly in the existing specification, making the UE only able to perform the initial Tx carrier selection but never able to enter Tx carrier reselection. 

To address this issue identified in Observation 1, we recall that the original motivation to introduce the so called "initial Tx carrier selection" procedure is to deal with the case where the UE has not yet selected any Tx carriers (e.g. in the case of first power on). Therefore, it is possible to solve the issue in Observation 1 by simply following this original motivation, i.e. to add one more restriction that "if the MAC entity has not selected any carrier" into the condition for initial Tx carrier selection. With such restriction further added, the "if" condition lead to the initial Tx carrier selection only when the UE has not selected any carriers, whilst the "else if" results in the Tx carrier reselection when there are already selected carriers and resource reselection is triggered for the sidelink process(es) on those carriers already selected. 

Proposal 1: Add another one restriction "if no carrier has been selected for any sidelink logical channel" into the condition for initial Tx carrier selection. 
2.2 Potential Issue 2

The next issue we identified occurs to the following episode on how to obtain the candidate carriers for Tx carrier reselection.
	[…]

-
else if the MAC entity has been configured by upper layers to transmit using pool(s) of resources on one or multiple carriers as indicated in subclause 5.10.13.1 of 3GPP TS 36.331 [8], and the TX carrier reselection is triggered for a process associated with a carrier according to sub-clause 5.14.1.1 (i.e. Tx carrier reselection):

-
for each sidelink logical channel allowed on the carrier where data is available and Tx carrier (re-)selection is triggered:

-
if the CBR of the carrier is below threshCBR-FreqKeeping associated with priority of sidelink logical channel:
-
select the carrier and the associated pool of resources.

-
else:
-
for each carrier configured by upper layers, if the CBR of the carrier is below threshCBR-FreqReselection associated with the priority of the sidelink logical channel;

-
consider the carrier as a candidate carrier for TX carrier (re-)selection.
[…]


Particularly, when Tx carrier reselection is triggered for a sidelink process associated with a carrier, it is now being specified that the candidate carriers are only obtained for each sidelink logical channel allowed on this specific carrier, but cannot be obtained for any other sidelink logical channel(s) not having this carrier as an applicable carrier.
In fact, there was no agreement ever made on such a restriction in earlier meetings, and it is unclear for which technical reason this restriction is actually placed here. More importantly, this restriction may cause a problem that for each time of carrier reselection, the MAC entity cannot reselect carriers for those sidelink logical cahnenl(s) which are not allowed on the carrier where carrier reselection is triggered (i.e. by a sidelink process on that carrier). This is technically unreasonable, since the carriers already selected for the sidelink logical channels not allowed on that carrier may also need to be reselected/updated, due to, e.g. CBR changes on those carriers, data volume changes in those sidelink logical channels (so as to reduce/increase Tx carriers selected), etc. 

As a result, with this restriction that carrier reselection is only performed for "each sidelink logical channel allowed on the carrier" in place, performance of other sideling logical channels is likely to be affected. 

Issue 2: In current TS 36.321, candidate carrier(s) are only obtained "for each sidelink logical channel allowed on the carrier (where Tx carrier reselection is triggered)". This restriction makes Tx carrier reselection procedure unable to reselect/update carrier(s) used for data transmission of other sidelink logical channels that are not allowed on this carrier, thus leading to potential performance degradation for these logical channels.  
To this end, we propose to extend the candidate carrier collection to also the sidelink logical channels which are not allowed on the carrier where carrier reselection is triggered.  
Proposal 2: Candidate carrier(s) should be allowed to be obtained, not only for the sideink logical channels allowed on the carrier (where Tx carrier reselection is triggered) but also for the sidelink logical channels not allowed on that carrier. 
However, note that one of the reasons to restrict candidate carriers obtained only for sidelink logical channels allowed on the carrier is to ensure the carrier keeping can be actually performed. This operation should be still maintained even with Proposal 1 enabled. 
Proposal 2a: At least one sidelink logical channel allowed on the carrier needs to be selected by the MAC entity, so as to ensure that carrier keeping can be performed. 
With Proposal 2 and 2a, it is still up to UE implementation to decide which specific sidelink logical channels, either allowed or not allowed on the carrier, are selected to derive the candidate carriers, as in the existing Spec.
2.3 Potential Issue 3
The third issue we think may exist is related to the final carrier selection after candidate carrier(s) are already obtained, regarding the following portion:
	The MAC entity shall:

-
if one or more carriers are considered as the candidate carriers for TX carrier (re-)selection:
-
for each sidelink logical channel allowed on the carrier where data is available and Tx carrier (re-)selection is triggered, select one or more carrier(s) and associated pool(s) of resources among the candidate carriers with increasing order of CBR from the lowest CBR;


First, due to Observation 2 and Proposal 2/2a, the final Tx carrier selection should now not be only limited to "each sideline logical channels allowed on the carrier" any more. 

It is now unclear whether the final carrier selection is done in the candidate carrier sets associated with each sidelink logical channel, or in a candidate carrier set consisting of all possible candidate carriers collected but not distinguished by sidelink logical channels. Currently, the "if" condition related to the candidate carrier set, when appearing, is not districted by sidelink logical channel, whereas the final carrier selection "for each sidelink logical channel…" is placed as an inner-loop placed. This, at least literally, looks like that the candidate carriers are not distinguished by sidelink logical channels. 
However, if this is really the case, this per logical channel loop for final carrier selection makes no more sense, with the reason that:

· For each sidelink logical channel, the candidate carriers are totally the same (without distinction) and thus the carriers finally selected must be the completely the same as well. 

· For a specific sidelink logical channel, a carrier that is not an applicable to this logical channel (thus unable to transmit its data) may be selected, which is against the original intention to have this loop. 
Issue 3: In the existing Spec, carriers are finally selected in a carrier set which consists of all possible candidate carriers and is not distinguished by sidelink logical channels. This makes the loop "for each sidelink logical channel…" unable to take any effect, and may lead to following issues in logic:
· For each sidelink logical channel, the carriers finally selected are completely the same. 

· For a specific sidelink logical channel, a carrier that is not applicable to this logical channel (thus unable to send its data) can be selected, which is against the original intention to have this loop.

Since in the candidate carrier phase (see the texts cited in Section 2.2) the candidate carriers are collected per each sidelink logical channel selected by the UE, we think the correct logic here is to follow this manner as well, and make the carriers selected for each sidelink logical channel based on its own candidate carriers (if derived). Also, as per our proposal 2 and 2a, these sidelink logical channels selected can now be either allowed or not allowed on the carrier where Tx carrie reselection is triggered.  
Proposal 3: Final carrier selection is performed for each sidelink logical channel based on its own candidate carriers (if derived), i.e. the candidate carrier(s) with lowest CBR are selected as in the current specification.
3 Conclusions
In this contribution, we identified and discussed some potential issues existing in the Tx carrier (re)selection procedure. Issues and proposals to address these issues are listed as follows:
Issue 1: The "if-else" condition between initial Tx carrier selection and Tx carrier reselection is not described properly in the existing specification, making the UE only able to perform the initial Tx carrier selection but never able to enter Tx carrier reselection. 

Proposal 1: Add another one restriction "if no carrier has been selected for any sidelink logical channel" into the condition for initial Tx carrier selection. 
Issue 2: In current TS 36.321, candidate carrier(s) are only obtained "for each sidelink logical channel allowed on the carrier (where Tx carrier reselection is triggered)". This restriction makes Tx carrier reselection procedure unable to reselect/update carrier(s) used for data transmission of other sidelink logical channels that are not allowed on this carrier, thus leading to potential performance degradation for these logical channels.
Proposal 2: Candidate carrier(s) should be allowed to be obtained, not only for the sideink logical channels allowed on the carrier (where Tx carrier reselection is triggered) but also for the sidelink logical channels not allowed on that carrier. 

Proposal 2a: At least one sidelink logical channel allowed on the carrier needs to be selected by the MAC entity, so as to ensure that carrier keeping can be performed. 
Issue 3: In the existing Spec, carriers are finally selected in a carrier set which consists of all possible candidate carriers and is not distinguished by sidelink logical channels. This makes the loop "for each sidelink logical channel…" unable to take any effect, and may lead to following issues in logic:

· For each sidelink logical channel, the carriers finally selected are completely the same. 

· For a specific sidelink logical channel, a carrier that is not applicable to this logical channel (thus unable to send its data) can be selected, which is against the original intention to have this loop.

Proposal 3: Final carrier selection is performed for each sidelink logical channel based on its own candidate carriers (if derived), i.e. the candidate carrier(s) with lowest CBR are selected as in the current specification.

A companion CR is available in [2] to implement all the proposals above, and RAN2 is suggested to adopt it.
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5 Appendix: Tx carrier (re)selection procedure in existing TS 36.321 [1]

5.14.1.5
TX carrier (re-)selection for V2X sidelink communication

The MAC entity shall consider a CBR of a carrier to be one measured by lower layers according to 3GPP TS 36.214 [6] if CBR measurement results are available, or the corresponding defaultTxConfigIndex configured by upper layers for the carrier if CBR measurement results are not available.
The MAC entity shall:

-
if the MAC entity is configured by upper layers to transmit using pool(s) of resources on one or multiple carriers as indicated in subclause 5.10.13.1 of 3GPP TS 36.331 [8] and data is available in STCH (i.e. initial Tx carrier selection):

-
for each sidelink logical channel where data is available:

-
for each carrier configured by upper layers (3GPP TS 24.386 [15]) associated with the concerned sidelink logical channel:

-
if the CBR of the carrier is below threshCBR-FreqReselection associated with the priority of the sidelink logical channel:

-
consider the carrier as a candidate carrier for TX carrier (re-)selection for the concerned sidelink logical channel.
-
else if the MAC entity has been configured by upper layers to transmit using pool(s) of resources on one or multiple carriers as indicated in subclause 5.10.13.1 of 3GPP TS 36.331 [8], and the TX carrier reselection is triggered for a process associated with a carrier according to sub-clause 5.14.1.1 (i.e. Tx carrier reselection):

-
for each sidelink logical channel allowed on the carrier where data is available and Tx carrier (re-)selection is triggered:

-
if the CBR of the carrier is below threshCBR-FreqKeeping associated with priority of sidelink logical channel:
-
select the carrier and the associated pool of resources.

-
else:
-
for each carrier configured by upper layers, if the CBR of the carrier is below threshCBR-FreqReselection associated with the priority of the sidelink logical channel;

-
consider the carrier as a candidate carrier for TX carrier (re-)selection.
The MAC entity shall:

-
if one or more carriers are considered as the candidate carriers for TX carrier (re-)selection:
-
for each sidelink logical channel allowed on the carrier where data is available and Tx carrier (re-)selection is triggered, select one or more carrier(s) and associated pool(s) of resources among the candidate carriers with increasing order of CBR from the lowest CBR;

NOTE 1:
It is left to UE implementation how many carriers to select based on UE capability.

NOTE 2:
It is left to UE implementation to determine the sidelink logical channels for which Tx carrier (re-) selection is triggered among the sidelink logical channels allowed on the carrier.
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