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Introduction
In RAN1#82bis, the following points were agreed on with respect to synchronization [10]:

Agreements: 
· “Vehicle” UE indicates UE in PC5 V2V. This terminology is only used for discussion convenience.
· GNSS or GNSS-equivalent is at the highest priority of synchronization source for time and frequency when the vehicle UE directly receives GNSS or GNSS-equivalent with sufficient reliability and the UE does not detect any cell in any carrier.
· eNB instructs vehicle UE to prioritize either eNB-based synchronization or GNSS or GNSS-equivalent at least when the eNB is in the carrier where the vehicle UE operates on PC5 V2V
· Priority of GNSS or GNSS-equivalent for other cases needs further study
· Priority of other synchronization source needs further study
· Scenarios with there is no eNB coverage and GNSS or GNSS-equivalent coverage need to be studied
· RAN1 will not optimize only for this scenario
· This scenario needs to be supported from the synchronization perspective
· RAN1 assumes that eNBs may not always have GNSS or GNSS-equivalent
· Asynchronous network case should be supported.
· Perspectives for further study:
· eNB assistant information, e.g.
· Timing offset to UTC
· TA or eNB location
· others
This contribution discusses some further general aspectes related to objectives of timing and frequency synchronization for V2V. In a companion contribution [11] we focus on the distributed synchronization procedure for out of coverage operation.
Scenarios for V2V Synchronization and Summary of Potential Solutions
LTE-based V2V should be deployable on existing LTE networks without requiring changes in the synchronization of the deployment or in the installed hardware. Even though it is understood that different network synchronization assumptions may affect the V2V performance, requirements set by SA1 should be met in all scenarios, independently of the network synchronization accuracy.
In Figure 1, we identify some scenarios for V2V synchronization. 
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[bookmark: _Ref428809062]Figure 1: some challenging scenarios for V2V synchronization.
Reference Transmission Timing 
We first focus on reference timing for transmission based on the scenarios from Figure 1. We consider that in-coverage UEs may either align their transmit timing to the DL reference, the UL reference (i.e., DL – Timing Advance to align signals at eNB) or an absolute timing reference assigned by the eNB. We assume that OOC UEs align to single common reference timing for transmission, which is the same as the UTC timing that may be indicated by the eNB.

[bookmark: _Ref428862042]Table 1: summary of worst-case UE-UE timing misalignment for the scenarios listed in Figure 1 and for different solutions. UE-UE distance of 320m[footnoteRef:1] is assumed. [1:  Based on latest draft minimum range requirement from SA1.] 

	Scenario
	UEs derive tx timing from cellular DL timing or UL timing
	UEs use absolute timing based on UTC[footnoteRef:2] [2:  UTC timing is assumed to be accurate.] 


	V2V Inter-cell (scn.1)
	· TDD deployment, ISD=1732m: <5.1us[footnoteRef:3] [3:  The cell border is assumed at equal distance from the eNBs. Inter eNB synchronization accuracy according to 36.133.] 

· TDD deployment, ISD=10km: <12.1us
· FDD deployment: depending on inter-eNB synchronization accuracy.
	For all deployments and scenarios: <1.1us

	V2V Cell edge (scn.2)
	· TDD deployment, ISD=1732m: <5.5s[footnoteRef:4] [4:  The absolute eNB timing accuracy is modeled as half of the inter-eNB relative error.] 

· TDD deployment, ISD=10km: <22.7us
· FDD deployment: depending on eNB synchronization accuracy.
	

	V2V Out-of-coverage (scn.3)
	Not applicable
	



Based on Table 1 it is clear that neither DL timing nor UL timing allow reception of all V2V signals in proximity within (normal) CP. On the other hand, UTC-based absolute timing enables ubiquitous V2V coverage with normal CP and single FFT processing.
In Table 2 we compare the maximum eNB-UE distance that can be achieved with different UE timing solutions and without generating ISI at the eNB receiver. Even though inband FDM operation between V2V and UL cellular may be unlikely, PUCCH and V2V may be occasionally transmitted in same subframe.
[bookmark: _Ref428862225]Table 2: summary of maximum ISI-free eNB-UE distance and for different V2V timing assumptions.
	Solution
	Maximum ISI-free range with normal CP
	Maximum ISI-free range with extended CP

	V2V tx timing based on DL reference
	~800m
	~2500m

	V2V tx timing based on UL reference (DL – UL TA)
	Unlimited
	Unlimited

	V2V tx timing based on UTC reference
	~1600m
	~5000m



Table 2 confirms the indication from Table 1 that absolute timing is the preferred solution even when in-coverage. 
Proposal:
· For both in-coverage and out-of-coverage, it is proposed that the V2V transmission is aligned to an absolute timing reference which is independent of eNB-UE distance.
· Absolute timing may be derived from GNSS or from DL timing.
Reference Transmission Frequency 
Frequency accuracy is one of the main challenges for V2V because relative oscillator errors assume large values at high carrier frequency up to 6GHz. Furthermore, the SA1 requirements mention absolute speeds and relative speeds up to 280km/h with ambitious reliability and range requirements. 
We model distortion of the received narrowband signal due to frequency errors as follows: r(t) = s(t)*exp(-j*2fot) *exp(j*(t)), where fo is the frequency offset between a given transmitter and receiver and models the large-scale frequency error due to inaccurate oscillators. The time-varying phase term (t) models the fading process associated to dual mobility as well as phase noise due to oscillators small-scale inaccuracy. In the following, we neglect the small-scale oscillators inaccuracy under the assumption that Doppler dominates the variance of (t).
The statistical properties of (t) depend on propagation conditions, however for both ideal dual-mobility (dual Jakes model) as well as LoS it can be shown that (t) is bounded by 2(v*fc/c)t where v is the relative speed between vehicles and fc is the carrier frequency.  
Similarly to the analysis in Table 1, we compare different solutions and deployments also from a frequency error perspective. The considered frequency error is the combination of v*fc/c and fo. For fo we consider a 0.1ppm error at the UE pending further clarification by RAN4. On the NW side we consider the requirements from 36.104.
[bookmark: _Ref428872750]Table 3: summary of worst-case UE-UE frequency misalignment for the scenarios listed in Figure 1 and for different solutions. 
	Scenario
	UEs derive frequency from cellular DL signals
	UEs use absolute frequency reference based on GNSS

	V2V Inter-cell (scn.1)
	· TDD deployment: <1320Hz @ 2GHz
· TDD deployment: <3960Hz @ 6GHz
· FDD deployment: depending on inter-eNB synchronization accuracy.
	For all deployments and scenarios:
<400Hz @ 2GHz
<1200Hz @ 6GHz

	V2V Cell edge (scn.2)
	· [bookmark: _GoBack]TDD deployment: <860Hz @ 2GHz
· TDD deployment: <2580Hz @ 6GHz
· FDD deployment: depending on inter-eNB synchronization accuracy.
	

	V2V Out-of-coverage (scn.3)
	Not applicable
	



Table 3 allows us to draw similar conclusions on the recommended solution for frequency synchronization, since GNSS based synchronization has a clear advantage as compared to DL signals-based sync acquisition.
Proposal:
· For both in-coverage and out-of-coverage, it is proposed that the V2V frequency is preferably derived from GNSS.
Absolute Timing Acquisition
Synchronization to an absolute reference is the preferred solution based on considerations in Section 2. Nevertheless, such absolute synchronization reference may be obtained in different ways, including:
· GNSS-based synchronization;
· Cellular signals-based synchronization;
· V2V signals-based synchronization.
We analyse these techniques in detail in the following.
[bookmark: _Ref433891980]GNSS-Based Synchronization
It is expected that GNSS disciplined oscillators can acquire extremely accurate timing and frequency references. Considering that V2V UEs anyway need GNSS for most services, we can assume that such reference is available most of the time.
In case of temporary lack of GNSS coverage, it is interesting to assess how quickly the UE will lose synchronization. Based on RAN4 discussions during D2D standardization in 2014 stability for a free oscillator in a handheld device was assessed to be ±40ppb/sec for both TCXO and DCXO [2]. In the worst case it will take longer than 2 minutes for a device to drift outside normal CP. In a more realistic case such time will be significantly longer.
RAN1 sent an LS [4] to RAN4 asking for guidance on this issue. Although several companies had contributions and the issue was discussed in RAN4, there was no agreement on the response LS. However, the values provided by most of the companies in their contributions [5]-[9] suggest that an accuracy of 0.1ppm is possible.
Observations:
· GNSS-based synchronization provides good accuracy
· Based on RAN4 discussions in Rel-12 D2D it takes longer than 2 minutes for a device to lose synchronization when out of GNSS coverage.
Proposal:
· RAN1 uses 0.1ppm as a working assumption for the frequency error when using GNSS until it receives a reponse from RAN4.

Cellular Signals-Based Synchronization
Another option is that UEs acquire a DL synchronization reference and apply half of the timing advance that is typically applied for aligning signals at the eNB. By doing so, the transmission timing is aligned over the whole cell. The reduced TA can be signalled by the eNB for RRC_Connected UEs, or it may be autonomously evaluated by the UE in a similar fashion to existing autonomous UE timing corrections. The UE may even exploit GNSS in order to improve its autonomous timing corrections.
The eNB may signal an offset (relative to its DL transmission timing) that the UE should align its transmission timing to.
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Figure 2: Alignment of transmission timing to a common cell-wide reference. DL measurements can be exploited by the UE together with autonomous timing corrections.
Observation:
· A cell-wide common timing reference can be obtained by synchronizing to DL signals and applying autonomous timing corrections in the UE, similarly to existing procedures for UL TA
· The eNB may also signal timing corrections to the UE.
V2V Signals-Based Synchronization
A further alternative is to acquire synchronization based on V2V signals, in a similar fashion to the Rel-12/13 D2D synchronization protocol with SLSS and PSBCH. We observe the following:
· The protocol may not be efficient in the high-speed scenarios identified by SA1. This is largely expected since the SLSS at the receivers may be subject to relative frequency shifts that are larger than the target frequency accuracy of 0.1ppm.
· In Rel-12/13 D2D, no D2D transmission takes place in the subframes when SLSS and PSBCH are broadcasted. With the single available periodicity (40 ms), 2.5% of the subframes cannot be used for communication. System capacity can be improved by having longer SLSS/PSBCH periodicity. 
· For UEs that have a rough time reference (e.g., at subframe level), the main purpose of the synchronization signals is to perform tracking, which does not required a 40 ms periodicity. As discussed in Section 3.1, UEs that temporarily lose eNB/GNSS coverage have access to subframe-level timing reference.
· The synchronization latency requirement is also based on the assumption that a UE is able to accurately track synchronization by dropping 2% of D2D (e.g., SLSS) transmissions. The rules for dropping D2D/V2V transmissions need to be adapted to the V2V scenario and the possibility that UEs may have access to different sources of synchronization.
Based on these observations, we propose to introduce changes to the distributed synchronization protocol to allow for configurable periodicity. The legacy 40 ms periodicity may be used if coexistence with D2D sharing the same synchronization requirements is desired. Larger periodicities may be used for V2V-only scenarios. 
We discuss the distributed synchronization protocol in much more detail in [11].
Observations:
· The Rel-12/13 D2D distributed protocol cannot provide sufficiently accurate synchronization references. 
· The distributed protocol is only useful for those UEs that do not have access to any other source of synchronization.
Proposal:
· The Rel-12 D2D distributed synchronization protocol based on SLSS/PSBCH may be considered for V2V only to support UEs that do not have any other source of synchronzation.
· Periodicities larger than 40 ms are supported. 
· Configuration details are decided by the network. This is includes the possibility that legacy D2D and V2V share synchronization resources (e.g., SLSS/PSBCH) and the case where different resources are used.
Conclusions
In this contribution we analysed different options for V2x synchronization. This section summarizes the main observations and our proposals.
Proposal:
· For both in-coverage and out-of-coverage, it is proposed that the V2V transmission is aligned to an absolute timing reference which is independent of eNB-UE distance
· Absolute timing may be derived from GNSS or from DL timing.
· For both in-coverage and out-of-coverage, it is proposed that the V2V frequency is preferably derived from GNSS.
Observations:
· GNSS-based synchronization provides great accuracy
· Details FFS in RAN4
· Based on RAN4 discussions in Rel-12 D2D it takes longer than 2 minutes for a device to lose synchronization when out of GNSS coverage.
Proposal:
· RAN1 uses 0.1ppm as a working assumption for the frequency error when using GNSS until it receives a reponse from RAN4.
Observation:
· A cell-wide common timing reference can be obtained by synchronizing to DL signals and applying autonomous timing corrections in the UE, similarly to existing procedures for UL TA
· The eNB may also signal timing corrections to the UE.
Observations:
· The Rel-12/13 D2D distributed protocol cannot provide sufficiently accurate synchronization references. 
· The distributed protocol is only useful for those UEs that do not have access to any other source of synchronization.
Proposal:
· The Rel-12 D2D distributed synchronization protocol based on SLSS/PSBCH may be considered for V2V only to support UEs that do not have any other source of synchronzation.
· Periodicities larger than 40 ms are supported. 
· Configuration details are decided by the network. This is includes the possibility that D2D and V2V share synchronization resources (e.g., SLSS/PSBCH) and the case where different resources are used.
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