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Introduction
In RAN#68 a new SI was approved on LTE-Based V2X Services [1], and in RAN1#82 some agreements have been reached on the operation scenarios for V2X Services [2]. In this contribution we discuss the applicability of PC5 synchronization for V2V services in the light of the proposed operating scenarios, as well as discuss potential enhancements where relevant.
Assumptions for PC5 operation 
In RAN1#82 the following agreement was made on the operating scenarios for V2X [2]: 
Agreements:
Following RAN aspects for PC5-based V2V operation (Tx/Rx of V2V message) are captured in the TR
· (Aspect 1) Operation bands used as test points for evaluation
· Case 1A: 6 GHz
· Case 1B: 2 GHz
Note: Case 1B may not be need to be specifically simulated for all scenarios
· (Aspect 2) eNB deployment consideration including possibility of network control
· Case 2A: UE autonomous resource allocation, at least mode 2, based on semi-statically network-configured/pre-configured radio parameters including no eNB coverage case.
· Case 2B: eNBs providing more UE specific or/and more dynamic resource allocation including Mode 1 compared to case 2A.
Note: Related to aspect 2, it is necessary to consider the condition to apply any preconfigured radio parameters.
 Note: The following case is categorized as in-coverage: a UE can access eNB on a LTE carrier and receive radio parameters for PC5 transport on another carrier (e.g., 6 GHz).
· (Aspect 3) Multi-carrier operation
· Case 3A: UEs communicating over PC5 across a single carrier.
· Case 3B: UEs communicating over PC5 across multiple carriers.
· (Aspect 4) Multi-oOperatingor scenarios
· Case 4A: Single operator for PC5 operationoperation.
· Case 4B: A set of PC5 operation carrier(s) is shared by UEs subscribed to different operators. This means that UEs belonging to different operators may transmit on the same carrier. 
· Case 4C: Each operator is allocated with a different carrier. This means that a UE transmits only on the carrier allocated to the operator which it belongs to.
· FFS: Case 4D: No operator operation 
· (Aspect 5) Co-existing with Uu
· Case 5A: Dedicated carrier for V2x. There is no uplink (Uu) traffic on the PC5 operation carrier.
· Case 5B: V2x carrier is shared with Uu.

In Tables 1 and 2 below we analyze the implications of the cases above to the synchronization of both PC5 and Uu (when applicable), for the cases where UEs care communicating over PC5 across a single carrier and multiple carriers, respectively. Given that we are mainly analyzing the impacts to synchronization, we are not addressing Aspect 1 in the tables below. Aspect 2 is addressed where relevant, otherwise it is implicitly considered by assuming PC5 traffic needs to be synchronized to Uu traffic in case 5B, i.e. assuming the same synchronization framework as in Rel-12 D2D. 
For case 3B in general it is not clear if UEs can support simultaneous reception of several asynchronous carriers, which would be one possibility of case 3B, especially in combination with case 4C. In case such operation is intended, RAN1 should ask clarification from RAN4 on the feasibility of such scenario. Moreover, half-duplex constraint may lead to loss of some packets due to partial overlap of TTIs across different carriers, which negatively impacts V2X performance in any case.
Observation 1: In case there is a need to support simultaneous reception of multiple asynchronous carriers, clarification is needed from RAN4 on the feasibility of such scenario. 
For the combination 3B+4B+5A/B, it is unclear how the multi-operator aspect is reflected in the physical layer, given that all operators are sharing the same carrier. For UE autonomous operation (i.e. case 2A) there is implication that PC5 configuration in general need to be aligned across operators sharing the same carrier, and that UEs operating in the same carrier share a common synchronization reference, regardless of their operator. But it is not clear if case 2B can be supported at all in this combination, even if synchronization references are aligned across carriers, unless the multi-operator aspect is transparent to physical layer, i.e. a single scheduling node can be assumed within a certain coverage area. In the latter case case 4B becomes equivalent to case 4A from physical layer point of view.
Observation 2: It is unclear if Case 2B can be supported in combination 3B+4B+5A/B, unless the multi-operator aspect is transparent to physical layer. Moreover, for Case 2A the PC5 configuration from different operators cannot be conflicting, and single synchronization reference is assumed for UEs belonging to different operators which are sharing the same carrier.
	
Table 1: Considerations on synchronization of PC5 and Uu for Case 3A: UEs communicating over PC5 across a single carrier
	Case
	Implications to synchronization
	Other comments

	5A, Dedicated V2X carrier
	4A, single operator
	Synchronization reference can be independent of Uu traffic on other (cellular) carrier.
	

	
	4B, multi-operator, shared carrier
	Synchronization reference can be independent of Uu traffic on other (cellular) carrier. Same synchronization reference for UEs of different operators on shared carrier(s)
	

	
	4C multi-operator, different carriers
	N/A
	

	
	4D, no operator (FFS)
	In addition, it is FFS if PC5 synchronization could be obtained from a network node in the same carrier (if present). 
	Same as 3A+5A+4A from physical layer point of view.

	5B,  V2X carrier shared with Uu
	4A, single operator
	Same synchronization reference as Uu in the same carrier. 
	

	
	4B, multi-operator, shared carrier
	Same synchronization reference for UEs of different operators on shared carrier. Uu on shared carrier need to follow same synchronization reference as PC5.
	

	
	4C multi-operator, different carriers
	N/A
	

	
	4D, no operator (FFS)
	In addition, it is FFS if PC5 synchronization could be obtained from a network node in the same carrier (if present).
	Same as 3A+5B+4A from physical layer point of view. Resources for Uu traffic would have to be pre-configured or else overlapping with PC5, as the devices would not have any mechanism to update the configuration dynamically. 


Table 2: Considerations on synchronization of PC5 and Uu for Case 3B: UEs communicating over PC5 across multiple carriers
	Case
	Implications to synchronization
	Other comments

	5A, Dedicated V2X carriers
	4A, single operator
	In principle, synchronization reference should be the same in each carrier, but it can be independent of Uu traffic on other (cellular) carrier(s).
	

	
	4B, multi-operator, shared carrier(s)
	A common synchronization reference might be desirable for efficient transmission and reception of data in different carriers, and common synchronization reference is required in each carrier. Synchronization reference can be independent of Uu traffic on other (cellular) carriers.
	It is FFS if case 2B can be supported in this combination, even if synchronization references are aligned across carriers, unless the multi-operator aspect is transparent to physical layer.

	
	4C multi-operator, different carrier(s)
	A common synchronization reference might be desirable for efficient transmission and reception of data in different carriers.
	If supported, impact on the UE receiver of independent synchronization references in different carriers should be confirmed by RAN4. Moreover, half-duplex constraint may lead to loss of some packets due to partial overlap of TTIs across different carriers.

	
	4D, no operator (FFS)
	It is FFS if PC5 synchronization could be obtained from a network node in the same carrier (if present).
	Same as 3B+5A+4B/C from physical layer point of view. Case 2B is not supported in this configuration.

	5B,  V2X carriers shared with Uu
	4A, single operator
	In principle, synchronization reference should be the same in each carrier. In any case, same synchronization reference is required for PC5 and Uu in each carrier.
	Same as 3B+5B+4B from physical layer point of view.

	
	4B, multi-operator, shared carrier(s)
	A common synchronization reference might be desirable for efficient transmission and reception of data in different carriers, and common synchronization reference is required in each carrier. In any case, same synchronization reference is required for PC5 and Uu in each carrier.
	It is FFS if case 2B can be supported in this combination, even if synchronization references are aligned across carriers, unless the multi-operator aspect is transparent to physical layer. 

	
	4C multi-operator, different carrier(s)
	Same synchronization reference for PC5 and Uu in each carrier. In addition, a common synchronization reference might be desirable for efficient transmission and reception of data in different carriers.
	Same as 3B+5B+4A in each carrier from physical layer point of view. 

	
	4D, no operator (FFS)
	In addition, if is FFS if PC5 synchronization could be obtained from a network node in the same carrier (if present).
	Same as 3B+5B+4B/C from physical layer point of view. Resources for PC5 traffic would have to be pre-configured or else overlapping with PC5, as the devices would not have any mechanism to update configuration dynamically. Case 2B is not supported in this configuration.


Based on Tables 1 and 2 and on the discussion above, we can make the following additional observations:
Observation 3: Assuming that different PC5 carriers are synchronized, and that configurations from different operators are not conflicting, cases 4B and 4C are equivalent from physical layer point of view, at least for UE autonomous operation.
Observation 4: In case the carrier is shared with Uu traffic, a common synchronization between PC5 and Uu is assumed when in coverage, as in Rel-12 D2D framework, which implies common synchronization between the Uu of different operators for the carriers sharing Uu and PC5. 
 
PC5 synchronization 
Essentially all V2V services require the UEs to share information acquired from GNSS systems, and hence it is fair to assume that UEs supporting V2V services will include GNSS receiver. RAN1 is assuming that GNSS information might be useful for synchronization aspects as well, in particular related to time and frequency error of synchronization, as captured in the evaluation assumptions and in the LS sent to RAN4 asking further guidance [3]. 
As for using GNSS reference to define the exact timing of the system, this requires further consideration. From the analysis in Section 2, it is clear that there are operating scenarios where in case PC5 is synchronized to GNSS reference, the network would need to be synchronized to the same reference as well. Essentially this means a change of synchronization principle compared to Rel-12 D2D, as in this case both PC5 and network would follow an external synchronization source instead of having PC5 to follow the network synchronization.
Even if the GNSS reference is adopted for PC5, at least in case of dedicated PC5 carriers it is not clear if it is possible to avoid transmission and reception of synchronization signals. For example, vehicles in tunnels or indoor parking facilities may not be able to rely on GNSS at all, and it is fairly common that even vehicles in dense city centers lose GNSS reception temporarily. In these cases it is FFS if the synchronization obtained by other means can be used to maintain time-frequency synchronization of such UEs, e.g. by using Rel-12 PSSS/SSSS or PSS/SSS from a network node.
Observation 5: Even in case GNSS is assumed for time-synchronization reference, there are situations where a UE cannot reliably depend on reception of GNSS signals. 
Hence, we propose the following:
Proposal 1: Even if GNSS is used to derive time-frequency synchronization reference for PC5, RAN1 to evaluate if transmission of synchronization signals are needed to maintain synchronization in case GNSS reception is not reliable or not available, for example including PSS/SSS (from eNB/RSU), PSSS/SSSS, or both. 
Conclusions 
In this contribution we have discussed the applicability of PC5 synchronization for V2V services in the light of the proposed operating scenarios, as well as discuss potential enhancements where relevant. We have made the following observations and proposals:
Observation 1: In case there is a need to support simultaneous reception of multiple asynchronous carriers, clarification is needed from RAN4 on the feasibility of such scenario. 
Observation 2: It is unclear if Case 2B can be supported in combination 3B+4B+5A/B, unless the multi-operator aspect is transparent to physical layer. Moreover, for Case 2A the PC5 configuration from different operators cannot be conflicting, and single synchronization reference is assumed for UEs belonging to different operators which are sharing the same carrier.
Observation 3: Assuming that different PC5 carriers are synchronized, and that configurations from different operators are not conflicting, cases 4B and 4C are equivalent from physical layer point of view, at least for UE autonomous operation.
Observation 4: In case the carrier is shared with Uu traffic, a common synchronization between PC5 and Uu is assumed when in coverage, as in Rel-12 D2D framework, which implies common synchronization between the Uu of different operators for the carriers sharing Uu and PC5. 
Observation 5: Even in case GNSS is assumed for time-synchronization reference, there are situations where a UE cannot reliably depend on reception of GNSS signals. 
Proposal 1: Even if GNSS is used to derive time-frequency synchronization reference for PC5, RAN1 to evaluate if transmission of synchronization signals are needed to maintain synchronization in case GNSS reception is not reliable or not available, for example including PSS/SSS (from eNB/RSU), PSSS/SSSS, or both. 
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