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1. Introduction
This contribution is based on R1-1718166 [1].

In RAN1#90bis meeting, followings are agreed for CA:
	Working assumption:

· From the transmitting UE perspective, a single synchronization reference is used for all aggregated carriers

· When a UE transmits multiple MAC PDUs on multiple carriers, timing on all transmission carriers is aligned


In this contribution, we discuss the potential enhancement on PC5 functionalities to support carrier aggregation. 
2. Discussion
On the necessity of anchor carrier for synchronization

On designing the necessary enhancement for sidelink synchronization for carrier aggregation, we need to consider followings:

1. Synchronization performance for SLSS transmission by Rel-15 UE and reception by Rel-14 UE

2. Synchronization performance for SLSS transmission by Rel-15 UE and reception by Rel-15 UE

3. UE complexity to support sidelink synchronization for carrier aggregation

4. Overhead due to SLSS transmission

In our view, we first need to agree on the necessity of legacy UE support before going to discuss necessary enhancement. Even if Rel-15 UE is transmitting PSCCH/PSSCH in multiple carriers, there would be a case when legacy UE is interested in V2X message transmitted in one of the carriers. Therefore, we propose following:

Proposal 1: UE with limited capability, e.g., legacy UE, needs to be able to receive PSCCH/PSSCH at a certain carrier even if it is transmitted by CA-capable UE.
If Rel-14 synchronization procedure is kept, different synchronization priority order (i.e. GNSS prioritized or eNB prioritized) and different number of synchronization resources (i.e. 2 or 3) can be configured for different carriers. It would be very complex if synchronization sources, priority rule and resources in different carriers are jointly considered. However, there can be a half-duplex constraint among certain carriers as shown in Figure 1. In that case, independent transmission of SLSS/PSBCH in multiple carriers may incur several subframes where UE cannot perform monitoring for synchronization and communication. If 8 carriers are in the same band for a given carrier, maximum 7 subframes may not be monitored in a SLSS period of 160 ms. This will results in 7/160 = 4.3% PRR degradation in the worst case. In addition, some SLSS/PSBCH may not be monitored due to SLSS/PSBCH transmission in other carrier. If SLSS subframes in certain carriers is excluded in another carrier to avoid PRR loss, maximum 7*2 (two subframe offsets for SLSS) or 7*3 (three subframe offsets for SLSS) subframes out of 160 subframes are not utilized for communication. Such overhead may not be justified and legacy UE cannot be aware of the additional resource exclusion. On the other hand, if SLSS subframes are (pre-)configured to be aligned among carriers as shown in Figure 2, there will be no PRR degradation and overhead issue. However, simultaneous transmission of SLSS/PSBCH will be required and transmission power will be shared among carriers. Synchronization range will be shrunk due to less PSD. Also, number of SLSS transmission carrier needs to be clarified, (1) UE shall transmit SLSS for all potential carrier for PSCCH/PSSCH transmission (2) UE shall transmit SLSS only in actual transmission carrier of PSCCH/PSSCH. For the first case, UE complexity would be increased and degree of PSD reduction is large. For the second case, frequent change on the SLSS transmission carrier may happen due to carrier selection for actual transmission of PSCCH/PSSCH which can be every 1 sec in average. However, several seconds, e.g., 8 seconds, is required to detect new synchronization reference based on SLSS [2]. If transmission carrier of SLSS can be changed every resource reselection (e.g., 1 second), other UEs may fail to detect the SLSS from that UE.

Therefore, we observe:
Observation 1: Parallel SLSS/PSBCH transmission in different subframes in different carriers is infeasible considering increased overhead and increased subframes that cannot be monitored due to half duplex constraint.
Observation 2: Simultaneous SLSS/PSBCH transmission in different carrier for all the candidate carrier for transmission of PSCCH/PSSCH is infeasible considering increased UE complexity for SLSS transmission and reduced synchronization range due to power sharing among carriers.

Observation 3: According to TS 36.133, several seconds can be required to detect new synchronization reference based on SLSS.

Observation 4: Simultaneous SLSS/PSBCH transmission in different carrier for actual carrier for transmission of PSCCH/PSSCH may cause unstable synchronization based on SLSS due to frequent switching of SLSS transmission carrier.

Proposal 2: Frequent Tx carrier switching for SLSS/PSBCH should not be performed to avoid performance degradation on SLSS based synchronization.
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Figure 1: Impact of half-duplex constraint by SLSS transmissions in multiple carriers.
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Figure 2: Simultaneous transmission of SLSS in multiple carriers.

It is considered to introduce “anchor carrier for synchronization” so that transmitter UE can avoid frequent carrier switching for SLSS/PSBCH transmission and skip SLSS/PSBCH transmission in the non-anchor carrier as long as it is transmitting SLSS/PSBCH in the anchor carrier. The DFN and subframe boundary needs to be aligned so that the entire subframes for PSCCH/PSSCH can be monitored by UE unless UE is transmitting PSCCH/PSSCH in that subframe. CA-capable UEs (Rel-15 UEs) may monitor the anchor carrier for synchronization if the UE is interested in any of the carrier associated to the anchor carrier. In order to use SLSS received in the anchor carrier for synchronization of non-anchor carrier, UE is allowed to select synchronization reference UE from different carrier. Therefore, we propose: 

Proposal 3: Anchor carrier for synchronization can be (pre-)configured for a group of sidelink carriers.
· DFN and subframe boundary will be (pre-)configured to be aligned within a group of sidelink carriers.
Proposal 4: CA-capable UEs may monitor the anchor carrier for synchronization if the UE is interested in any of the carrier associated to the anchor carrier.
Proposal 5: In order to determine synchronization reference for transmission and reception of PSCCH/PSSCH, UE is allowed to select synchronization reference UE from different carrier.

However, UEs without CA capability including legacy UEs may not be capable of inter-carrier monitoring for synchronization as shown in Figure 3. Therefore, when an UE is transmitting SLSS/PSBCH in anchor carrier, the UE is allowed to transmit PSCCH/PSSCH without SLSS/PSBCH transmission in non-anchor carrier in the same group of carrier only when other UEs without CA capability can receive the PSCCH/PSSCH in non-anchor carrier without receiving SLSS/PSBCH from the same transmitter UE. 
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Figure 3: Impact on PSCCH/PSSCH monitoring by legacy UE due to anchor carrier operation.

There are four cases for the synchronization in non-anchor carrier in this example.
· Case 1: UE without CA capability synchronized to GNSS directly. 

· Case 2: UE without CA capability synchronized to eNB directly. 

· Case 3: UE without CA capability synchronized to other UE (helper UE) and its synchronization is originated from GNSS. 

· Case 4: UE without CA capability synchronized to other UE (helper UE) and its synchronization is originated from eNB. 

There will be the case GNSS coverage and eNB coverage is not sufficient, e.g., in tunnel. Therefore, it is not feasible to rely only for case 1 and/or case 2. Some helper UE transmitting SLSS/PSBCH in non-anchor carrier will be helpful. For the case 3, it is likely that there are some UEs transmitting SLSS/PSBCH because UE synchronized to GNSS will always transmits SLSS/PSBCH at least when the UE is out of coverage (including carriers in v2x-InterFreqInfo). On the other hand, for case 4, there would be limited number of UEs transmitting SLSS/PSBCH due to network controlled SLSS/PSBCH transmissions. Therefore, it is safer approach to allow to skip SLSS/PSBCH transmission in non-anchor carrier only when the synchronization reference of CA capable UE is originated from GNSS. Further relaxation can be discussed with consideration on CA use case and legacy support. Therefore, we propose: 

Proposal 6: UE transmitting SLSS/PSBCH in anchor carrier is allowed to transmit PSCCH/PSSCH without SLSS/PSBCH transmission in non-anchor carrier in the same group of carrier at least when the synchronization reference of the UE is originated from GNSS. 
Synchronization procedure in each carrier

Aforementioned anchor carrier for synchronization only introduce additional condition for sidelink communication and synchronization. Once sidelink carrier for SLSS/PSBCH transmission and monitoring is decided, remaining synchronization procedure in each carrier can be independent and Rel-14 synchronization procedure will be reused. For independent carrier groups, synchronization procedure will be independent. Therefore, we propose:
Proposal 7: For a given sidelink carrier selected for SLSS/PSBCH transmission and/or reception, synchronization procedure follows Rel-14 procedure except for synchronization reference UE selection from different carrier.
3. Conclusion

In this contribution, we discuss synchronization for carrier aggregation on V2x SL communications. Observations and proposals are summarized below.
· Proposal 1: UE with limited capability, e.g., legacy UE, needs to be able to receive PSCCH/PSSCH at a certain carrier even if it is transmitted by CA-capable UE.
· Observation 1: Parallel SLSS/PSBCH transmission in different subframes in different carriers is infeasible considering increased overhead and increased subframes that cannot be monitored due to half duplex constraint.
· Observation 2: Simultaneous SLSS/PSBCH transmission in different carrier for all the candidate carrier for transmission of PSCCH/PSSCH is infeasible considering increased UE complexity for SLSS transmission and reduced synchronization range due to power sharing among carriers.
· Observation 3: According to TS 36.133, several seconds can be required to detect new synchronization reference based on SLSS.
· Observation 4: Simultaneous SLSS/PSBCH transmission in different carrier for actual carrier for transmission of PSCCH/PSSCH may cause unstable synchronization based on SLSS due to frequent switching of SLSS transmission carrier.
· Proposal 2: Frequent Tx carrier switching for SLSS/PSBCH should not be performed to avoid performance degradation on SLSS based synchronization.
· Proposal 3: Anchor carrier for synchronization can be (pre-)configured for a group of sidelink carriers.
· Proposal 4: CA-capable UEs may monitor the anchor carrier for synchronization if the UE is interested in any of the carrier associated to the anchor carrier.
· Proposal 5: In order to determine synchronization reference for transmission and reception of PSCCH/PSSCH, UE is allowed to select synchronization reference UE from different carrier.
· Proposal 6: UE transmitting SLSS/PSBCH in anchor carrier is allowed to transmit PSCCH/PSSCH without SLSS/PSBCH transmission in non-anchor carrier in the same group of carrier at least when the synchronization reference of the UE is originated from GNSS.
· Proposal 7: For a given sidelink carrier selected for SLSS/PSBCH transmission and/or reception, synchronization procedure follows Rel-14 procedure except for synchronization reference UE selection from different carrier.
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