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1 Introduction

At the RAN#75, the work item on 3GPP phase-2 V2X evolution was approved with the following RAN1 objectives [1]:

	The detailed objectives of this work item are as follows:

1. Specify solutions for the following PC5 functionalities, which can co-exist in the same resource pools as Rel-14 functionality and use the same scheduling assignment format (which can be decoded by Rel-14 UEs), without causing significant degradation to Rel-14 PC5 operation compared to that of Rel-14 UEs: [RAN1, RAN2, RAN4]

· Carrier aggregation (up to 8 PC5 carriers);


At the RAN1#90bis, the synchronization aspects for sidelink carrier aggregation were discussed. The following working assumption was made by RAN1 WG:

	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 remaining synchronization aspects to support sidelink carrier aggregation with up to 8 PC5 carriers. Our views on other V2V enhancements are provided in our companion contributions [3]-[8].
2 Synchronization Aspects of Sidelink Carrier Aggregation
In LTE R14, three types of synchronization sources - GNSS, eNB and UE (SLSS transmission based on derived timing from GNSS, eNB, other UEs) can be used for sidelink synchronization on V2V carrier. The support of SLSS based synchronization is up to UE capability. The V2X capable UE is expected to support at least GNSS and eNB as a synchronization reference.

In case of sidelink CA, the synchronization across sidelink component carriers needs to be discussed. In general case, synchronized and non-synchronized sidelink component carriers may exist. However practical benefits of having non-synchronized component carriers are not clear. In addition, non-synchronized carriers will have much higher impact on UE implementation cost/complexity and may negatively affect overall system performance (e.g. due to cross-CC leakage especially in case of intra-band CA scenario).

2.1 Synchronized Sidelink Component Carriers

2.1.1 Sidelink Synchronization Aspects from TX Perspective

For synchronized sidelink CCs, common timing reference and synchronization source priority rules should be used across all aggregated sidelink CCs. The common and single sync reference (e.g. GNSS, eNB, SLSS) can be used to provide synchronization in time and frequency for all CCs from transmitter perspective.
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Figure 1: Common synchronization reference across multiple sidelink CCs.

In general, the functionality to enable synchronized CCs by means of GNSS is already in place in R14, where predefined absolute time is used to determine DFN offset with respect to UTC timing reference. The similar behavior is applicable in case of eNB based synchronization, where given Uu carrier can serve as a reference for multiple sidelink CCs. In case of SLSS based synchronization, the single SLSS reference can also be used for synchronization of multiple sidelink CCs.

In general, common DFN offset can be defined across multiple component carriers, which seems sufficient to provide all necessary functionality and flexibility in terms of resource allocation. If for some reason, it is deemed necessary to independently configure DFN offset per component carrier, the subframe boundary across CCs should be aligned.
Proposal 1
· Confirm working assumption made at RAN1#90bis:

· 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

· Common DFN offset is used across all aggregated sidelink component carriers.

In our view, the confirmation of this working assumption means that common synchronization source and synchronization source selection rules are used in case of sidelink carrier aggregation.

UE TX Capability Considerations

The LTE R15 UE can have limited amount of TX chains (e.g. number of TX chains < number of CCs). For instance, UE with single TX chain can transmit SLSS only on one CC at a time. In this case, it should be either pre-configured or autonomously select CC for SLSS transmission. The details of UE behavior in terms of SLSS CC selection need further discussion (e.g. whether it can be left up to UE implementation). 

In case if there is no limitation in terms of TX capabilities, UE (supporting SLSS transmission) may potentially transmit SLSS on multiple CCs, where sidelink synchronization resources are configured. However, UE should not be mandated to transmit SLSS on a component carriers where UE does not perform PSCCH/PSSCH transmission. Note that configuration of SLSS resources on multiple CCs and UE behavior for SLSS transmission is still up to discussion.

Observation 1
· For UEs with reduced TX capabilities, the sidelink CC for SLSS transmission can be either pre-configured or autonomously selected.
· For UEs without TX capability restrictions, the transmission of SLSS on a CCs where UE does not perform PSCCH/PSSCH transmission should not be mandated.
Synchronization Resource Allocation
In case of multiple sidelink CCs, there are different options how to configure synchronization resources:

· Option 1. Synchronization resources are configured on one sidelink CC (e.g. anchor CC for SLSS synchronization).
From system and UE perspective, the sidelink synchronization resources can be configured on one out of N synchronous CCs. In this case, only one CC needs to be scanned for SLSS references. Given that R15 UE has multiple RX chains and one of the chains may be tuned to anchor CC, it can simply track SLSS synchronization sources and apply it for transmission/reception across multiple aggregated CCs. This option does not contradict R14 behavior, given that the presence of synchronization resources is CC specific and may be enabled or disabled on each CC.
· Option 2. Synchronization resources are configured on multiple CCs. 
Sidelink synchronization resources are configured on M out of N synchronous CCs. 
· Option 2a. FDM of sync resources across aggregated CCs. In Option 2a, sidelink synchronization resources are allocated in the same subframe across multiple CCs (i.e. aligned in time). In this scenario, UE with limited TX capabilities (e.g. K chains) may need to be pre-configured or autonomously select subset K out of M component carriers for SLSS transmission. It this scenario, UE should not be mandated to transmit SLSS on all K out of M CCs, given that it may not use all K or M CCs for sidelink communication. In this case, UE anyway needs to select single SLSS synchronization reference for transmission and reception across M component carriers. The potential drawbacks of this option are mutual impact due to cross-carrier leakage among SLSS transmission on different CCs and shared TX power budget for SLSS transmission across multiple CCs.
· Option 2b. FDM+TDM of sync resources across aggregated CCs. In Option 2b, synchronization resources on M out of N CCs are distributed in time. This option can theoretically enable UE with limited TX capabilities to transmit on multiple CCs (w/o dropping SLSS transmission) by switching from one CC to another. However, switching may cause receiver interruptions and also conflict with data transmission across selected CCs. In addition, in this option OOBE from SLSS transmission are likely to mask reception of PSCCH/PSSCH on other CCs and vice versa. 
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Figure 2: Sidelink Synchronization Resource Allocation.
Based on the discussion, we think that only Option 1(from system and UE perspective) and Option 2a (from system and UE perspective) can be further analyzed for sidelink V2V CA framework. Comparing these two options, we observe the following pros and cons summarized in Table 1:
Table 1: Analysis of sidelink synchronization resource allocation options
	
	Option 1 (Anchor SLSS CC)
	Option 2a (Multiple SLSS CC)

	Compatibility w/ LTE V2V R14 sync procedures
	Yes 
	Yes

	RX Complexity
(R15 UE)
	Low
	High 
(at least M times higher)

	TX Complexity 
(R15 UE)
	Low
· Single anchor CC is used to derive TX timing 

· Single anchor CC is used for SLSS transmission
	High 
· Need to monitor priority/quality of SLSS across CCs and change reference CC to derive TX timing 

· Need procedure to determine CC for SLSS transmission

	R14 UE consideration
	SLSS can be used only on anchor CC. 

Other CCs - only GNSS/eNB sync sources
	SLSS can be used on M out of N CCs. 

Other CCs - only GNSS/eNB sync sources


Based on analysis provided in Table 1, the support of anchor CC has advantage in reduced system and UE complexity for sidelink CA. For SLSS based synchronization on multiple sidelink CCs, if UE supports multiple RX chains transmission of SLSS on multiple CCs is redundant. The anchor sidelink CC can provide SLSS based synchronization across a group of CCs, while other sidelink CCs may not have allocated synchronization resources. In order to avoid cross-carrier leakage on a set of aggregated CCs, the synchronization resource can be multiplexed in time with other sidelink transmission on aggregated CCs. Such resource allocation also allow to avoid conflict with parallel PSCCH/PSSCH data transmission on other CCs and beneficial at least for UEs with limited TX capabilities.
Proposal 2
· In case of sidelink CA, single sidelink CC (anchor) is configured for SLSS transmission.

· Synchronization resources at anchor CC are multiplexed in time with other sidelink channel transmissions (e.g. PSCCH/PSSCH) on all aggregated CCs.
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Figure 3: TDM of sidelink sync resource with other sidelink channels across aggregated CCs.
If it is deemed necessary to enable SLSS transmission on multiple aggregated sidelink CCs, then Option 2a should be considered with higher priority (e.g. common DFN offset and sync resource offset indicators). In this case, UE should not be expected to transmit SLSS on all aggregated CCs, except CCs where it has an active PSCCH/PSSCH transmissions. Selection of CCs for SLSS transmission can be left up to UE implementation or pre-configured. 
UE Behavior for SLSS Transmission
It should be noted that UE with limited TX chain capabilities may need to switch TX chain in order to transmit SLSS. The retuning of TX chain to SLSS carrier may be in conflict with parallel PSCCH/PSSCH transmission on a given carrier. In this case UE can either prioritize PSCCH/PSSCH transmission or SLSS transmission on anchor carrier. If switching leads to significant receiver interruption, UE may be allowed to discontinue SLSS transmission on anchor CC until it has active session on other CCs. This aspect can be discussed in more details once RAN1 receives response LS from RAN4 on UE switching time and receiver interruption time caused by TX chain switching [2]. In general, UE can be expected to transmit SLSS only on component carrier(s) with active PSCCH/PSSCH transmissions (if synchronization resources are allocated) and do not switch chain just for SLSS transmission. 
2.1.2 Sidelink Synchronization Aspects from RX Perspective

In single carrier scenario, the UE sidelink synchronization procedure (defined by specification) affects transmission timing. The reception timing is left up to UE implementation and synchronization reference for reception is not specified. At the same time it is somewhat implied that in many practical scenarios the reference for transmission is reused for reception.
In sidelink CA framework it was agreed as a working assumption that a single synchronization reference is used for all aggregated CCs from the transmitting UE perspective. In our view, this assumption should be extended to UE receiver. In other words single synchronization reference can be used for reception in all sidelink CCs, including SLSS reference. 
Proposal 3
· Single sidelink synchronization reference is used for reception in all aggregated CCs.

2.2 Non-synchronized Sidelink Component Carriers

The benefits of having non-synchronized CCs are not evident and need to be justified. The support of sidelink CCs using different synchronization references and potentially synchronization source priority rules needs further analysis, since in general will lead to increased UE cost and system complexity without clear technical advantage.
3 Summary

In this contribution, we provided our views on remaining details of sidelink synchronization. We proposed single sidelink synchronization reference for TX and RX and suggested to define single anchor CC for SLSS based synchronization. This can simplify UE implementation in terms of SLSS transmission/reception and SLSS reference selection. In addition, we discussed resource allocation options for sidelink synchronization resources and have following proposals:
Proposal 1
· Confirm working assumption made at RAN1#90bis:

· 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

· Common DFN offset is used across all aggregated sidelink component carriers.

Proposal 2
· In case of sidelink CA, single sidelink CC (anchor) is configured for SLSS transmission.

· Synchronization resources at anchor CC are multiplexed in time with other sidelink channel transmissions (e.g. PSCCH/PSSCH) on all aggregated CCs.

Proposal 3
· Single sidelink synchronization reference is used for reception in all aggregated CCs.
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