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1 Introduction
Regarding the synchronization enhancement for Rel-15 PC5 CA made by RAN1 [1]-[5], synchronization carriers selection, synchronization reference selection and SLSS transmission are all performed based on a "Set-B". This Set-B, as per the following agreements from RAN1 #91, further needs to be determined depending on the carriers "which UE is currently aggregating":

	Agreements:
· Higher layers can configure set of carrier(s) (Set-A) that can potentially be used as the synchronization carrier for the potential carriers configured for Tx and Rx for CA

· If this set is empty, Rel-14 independent synchronization is used per carrier

· RAN1 assumes that carriers can only be aggregated in this behaviour if they use the same synchronization reference (e.g. GNSS, or same eNodeB)

· If this set is non-empty:

· Set-A must be a subset of the set of potential carriers configured for Tx and Rx for CA

· Note: this includes the case when Set-A is the same as the set of potential carriers configured for Tx and Rx for CA

· Note: At any given time, the UE may not be capable of reception and/or transmission on one or more of the configured synchronization carriers due to limited Rx and/or Tx chains

· UE determines the available set of synchronization carriers (Set-B) as the subset of Set-A based on the carriers which the UE is currently aggregating.
· Note: This does not exclude the UE implementation or proper higher layer configuration that allows Set-B to be the same or a subset of Set-A by choosing the carriers its aggregating.

[…]


In the synchronization procedures of current specification [6], the so called aggregating carriers for a Mode 4 UEs are already specified as the carriers selected via the Tx carreir selection procedure specified in TS 36.321[7]. However, for Mode 3 UEs which do not perform Tx carrier selection, what the aggregating carriers should be is still missing in the specification, and this makes the current synchronization procedure for PC5 CA appear to be unclear in terms of Mode 3. 
Therefore, this contribution aims to clarify what the aggregating carriers should be, so as to avoid this potential ambiguity of synchronization procedure for Mode 3 PC5 CA. In [8] and [9], two complementary CRs are also provided with two different options respectively to show how to implement the clarification in the specification. 

2 Discussion
In the current synchronization procedure for PC5 CA in TS 36.331 [6], the "aggregating carriers" used by the UE to determine Set-B are specified as the carriers selected as specified in TS 36.321; some examples for the related texts in SLSS transmission, synchronization reference (re)selection and synchronization carriers (re)selection are in the Appendix.
To support PC5 CA in Mode 4, Tx carrier selection is introduced and specified in subcause 5.14.1.5 in TS 36.321 [7]. As per the Tx carrier selection procedure in [7], the UE is only allowed to select SL resources and transmit data on the carriers which it actually selects. This means, there is only possibly for a Mode 4 UE to obtain SL resources on the selected carriers, and thus it is just the selected carriers that the UE is "really" using at a specific time. To this end, we think that, for Mode 4 the selected carrier quite match the s called "aggregating carriers" referred to by RAN1, and this is the main reason why we use them for the UE to determine the Set-B in the specification as above. 
Observation 1: As per the current TS 36.331, the aggregating carriers used for PC5 CA synchronization are the carriers selected via Tx carrier selection procedure in TS 36.321, and this can well apply to Mode 4 UEs. 
As for Mode 3, however, things are different, because Tx carrier selection does not apply to Mode 3 UEs which thus do not have the so called "selected carriers" as per the existing specification [7]. Therefore, with the carriers selected as specified in TS 36.321 unable to cover also the aggregating carriers for Mode 3, it is unknown for a Mode 3 UE what the aggregating carriers should be and how the Set-B is determined accordingly, which may further make the synchronization procedure unable to work normally for PC5 CA in Mode 3. 
Observation 2: As per the current specification, it is unclear for a Mode 3 UE what the aggregating carriers should be and how the Set-B is determined accordingly, which makes synchronization unable to work normally in the case of PC5 CA for Mode 3. 
As for Mode 3, we may turn to Uu carrier aggregation to find some clues on how to address this issue. In Uu carrier aggregation, the UE can obtain resources on a carrier and thus use the carrier for communication, only if the carrier is activated; thus, we may treat those "activated carriers" as the aggregating carriers for Uu. Though we agreed not to introduce carrier activation/deactivation mechanism in sidelink, a Mode 3 UE, since Rel-14, is allowed to directly receive sidelink grants and use them to transmit on any carrier configured by dedicated signalling. In other words, it is possible for a Mode 3 UE to obtain SL resources assigned by the eNB on any configured carrier at every specific time. Considering this, it is reasonable that the aggregating carriers for Mode 3 are all the carriers configured by the dedicated signalling, i.e. sl-V2X-ConfigDedicated. 
Proposal 1: Since it is possible for a Mode 3 UE to obtain SL resources on any configured carrier, the aggregating carriers for the Mode 3 UE can be treated as all the carriers configured in sl-V2X-ConfigDedicated. 
There can be two options to implement above Proposal 1 in the specification to clarify the aggregating carriers used for PC5 CA synchronization in terms of Mode 3:

· Opt 1: Add a "NOTE" in the TX carrier (re-)selection subclause in TS 36.321 [7], clarifying that for a Mode 3 UE all the carriers configured to it are regarded as "selected carriers". 

· Opt 2: In the Synchronization related procedures in TS 36.331 [6], add texts clarifying that the "selected carriers" referring to TS 36.321 only apply for Mode 4 UEs.  

Basically, the above two options yield the same effect, i.e. the carriers selected from the TX carrier (re-) selection subclause in TS 36.321 only take effect for Mode 4 UEs to derive the Set-B; but for Mode 3 UEs, as in Proposal 1, all the configured carriers are treated as the selected carriers to derive Set-B without relying on the Tx carrier (re-)selection procedure anymore. 
RAN2 are suggested to discuss which way to go, by taking in to consideration the two CRs available in [8] and [9] which implement the above two options respectively. 
Proposal 2: RAN2 are suggested to discuss which option to adopt to clarify the aggregating carriers for PC5 CA synchronization in Mode 3, based on the corresponding CRs in [8] and [9]. 
3 Conclusion
This contribution discusses how to clarify the aggregating carriers used for PC5 CA synchronization in terms of Mode 3. The observation and proposal are as follows:

Observation 1: As per the current TS 36.331, the aggregating carriers used for PC5 CA synchronization are the carriers selected via Tx carrier selection procedure in TS 36.321, and this can well apply to Mode 4 UEs. 

Observation 2: As per the current specification, it is unclear for a Mode 3 UE what the aggregating carriers should be and how the Set-B is determined accordingly, which makes synchronization unable to work normally in the case of PC5 CA for Mode 3. 
Proposal 1: Since it is possible for a Mode 3 UE to obtain SL resources on any configured carrier, the aggregating carriers for the Mode 3 UE can be treated as all the carriers configured in sl-V2X-ConfigDedicated. 
Proposal 2: RAN2 are suggested to discuss which option to adopt to clarify the aggregating carriers for PC5 CA synchronization in Mode 3, based on the corresponding CRs in [8] and [9].
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Appendix: Examples of the "Aggregating Carriers" used in synchronisation procedures in TS 36.331 [6]
Table A
For SLSS transmission

	5.10.7
Sidelink synchronisation information transmission
[…]

5.10.7.2
Initiation
[…]
A UE capable of V2X sidelink communication and SLSS/PSBCH transmission shall, when transmitting non-P2X related V2X sidelink communication in accordance with 5.10.13, and if the conditions for V2X sidelink communication operation as defined in 5.10.1d are met and when the following conditions are met:

1>
if in coverage on the frequency used for V2X sidelink communication, as defined in TS 36.304 [4, 11.4]; and has selected GNSS or the cell as synchronization reference as defined in 5.10.13.3; or
1>
if out of coverage on the frequency used for V2X sidelink communication, as defined in TS 36.304 [4, 11.4], and the frequency used to transmit V2X sidelink communication is included in v2x-InterFreqInfoList in RRCConnectionReconfiguration or in v2x-InterFreqInfoList within SystemInformationBlockType21 of the serving cell/ PCell; and has selected GNSS or the cell as synchronization reference as defined in 5.10.13.3:
2>
if syncFreqList is not included in RRCConnectionReconfiguration nor in SystemInformationBlockType21 nor in SystemInformationBlockType22; or

2>
if syncFreqList is included in RRCConnectionReconfiguration or in SystemInformationBlockType21 or in SystemInformationBlockType22; and if none of the frequency(ies) selected as specified in TS 36.321 [6] is included in the syncFreqList or the concerned frequency is selected as the synchronisation carrier frequency in accordance with 5.10.8a; or

2>
if syncFreqList and slss-TxMultiFreq are included in RRCConnectionReconfiguration or in SystemInformationBlockType21 or in SystemInformationBlockType22; and if the UE has selected a frequency other than the concerned frequency as the synchronisation carrier frequency; and if slss-TxDisabled corresponding to the concerned frequency is not configured in RRCConnectionReconfiguration; and if the concerned frequency has been selected for V2X sidelink communication transmission as specified in TS 36.321 [6] and is included in syncFreqList; and if UE is capable of SLSS/PSBCH transmission on the concerned frequency:

3>
if in RRC_CONNECTED; and if networkControlledSyncTx is configured and set to on; or

3>
if networkControlledSyncTx is not configured; and for the concerned frequency syncTxThreshIC is configured; and the RSRP measurement of the reference cell, selected as defined in 5.10.13.3, for V2X sidelink communication transmission is below the value of syncTxThreshIC:
4>
transmit SLSS on the frequency used for V2X sidelink communication in accordance with 5.10.7.3 and TS 36.211 [21];

4>
transmit the MasterInformationBlock-SL-V2X message on the frequency used for V2X sidelink communication, in the same subframe as SLSS, and in accordance with 5.10.7.4;

 […]


Table B
For Synchronization carrier (re)selection
	5.10.8.2
Selection and reselection of synchronisation reference

The UE shall:

1>
if triggered by V2X sidelink communication, and in coverage on the frequency for V2X sidelink communication; or

1>
if triggered by V2X sidelink communication, and out of coverage on the frequency for V2X sidelink communication, and the frequency used to transmit V2X sidelink communication is included in v2x-InterFreqInfoList in RRCConnectionReconfiguration or in v2x-InterFreqInfoList within SystemInformationBlockType21 of the serving cell/ PCell:

2>
If syncFreqList is not included in RRCConnectionReconfiguration nor in SystemInformationBlockType21 nor in SystemInformationBlockType22; or

2> If syncFreqList is included in RRCConnectionReconfiguration or in SystemInformationBlockType21 or in SystemInformationBlockType22, and none of the frequency(ies) selected as specified in TS 36.321 [6] is included in the syncFreqList; or

2> If syncFreqList is included in RRCConnectionReconfiguration or in SystemInformationBlockType21 or in SystemInformationBlockType22, and no synchronisation carrier frequency is selected as specified in 5.10.8a:

3>
if typeTxSync is configured for the concerned frequency and set to enb:

4>
select a cell as the synchronization reference source as defined in 5.10.13.3;

 […]


Table C
For synchronisation carrier (re)selection

	5.10.8a Selection and reselection of synchronisation carrier frequency

For the frequency(ies) which are in coverage for the UE as defined in TS 36.304 [4, 11.4] and which have been selected for V2X sidelink communication as specified in TS 36.321 [6], and/or for the frequency(ies) which are out of coverage for the UE and included in v2x-InterFreqInfoList within RRCConnectionReconfiguration or SystemInformationBlockType21 or SystemInformationBlockType22 of the serving cell/ PCell and which have been selected for V2X sidelink communication as specified in TS 36.321 [6], the UE capable of V2X sidelink communication and synchronisation carrier frequency selection shall: 
[…]
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