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1 Introduction

In the TSG RAN1 Meeting #82, the evaluation assumptions for feasibility study on LTE based V2X services [1] were agreed and summarized in [2]. In this contribution, we discuss synchronization related aspects for V2V/V2X operation. Our views on other V2V/V2X communication aspects are provided in our companion contributions [6]-[9].
The LTE Rel.12 sidelink communication assumes synchronous operation for the both in-coverage and out-of-coverage deployment scenarios. The similar principle may be extended for V2V operation, however, it may require additional considerations and enhancements of sidelink synchronization framework (defined in previous LTE releases) targeting high mobility scenarios.

In the last meeting, the RAN1 WG sent LS to RAN4 WG and asked for guidance on frequency synchronization errors at the vehicle with high mobility, when GNSS is used and when eNB signals are used. Meanwhile, RAN1 assumed that UE frequency error is in the range of ± 0.1 ppm for initial evaluations [3].

2 LTE Based V2V/V2X Synchronization
2.1 Technical Challenges

The guidance from RAN4 WG on frequency error will help RAN1 to facilitate further evaluation and design of different options to be used for V2V/V2X synchronization. However, we would like to note that for the case of eNB based synchronization the existing RAN4 requirement on ±0.1 ppm frequency error (transmit waveform quality) is defined relative to the “actual received frequency” and not relative to the “absolute” frequency [4]. The “actual received frequency” may have an offset due to transmit signal frequency error at the eNB itself and the Doppler shift caused by vehicular movement relative to the eNB, as was noticed in [5]. In addition, in the presence of high Doppler spread the overall frequency acquisition accuracy may be also affected. In this section, we review main sources of frequency synchronization errors.
To simplify description and analyze the worst case scenario in terms of the overall frequency offset error we consider the case when a vehicle synchronizes to an eNB in a freeway scenario assuming LOS propagation condition to capture the maximum impact from Doppler shift relative to the eNB (see Figure 1).
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Figure 1: V2V with eNB-based Synchronization in the Freeway Scenario.
eNB-to-Vehicle Link (Frequency Offset Model in Downlink)
When eNB is used for V2V system synchronization the following factors affect the TX frequency accuracy at the UE vehicle side:
· eNB transmit signal frequency offset relative to absolute carrier frequency 
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 which can be assumed equal to ±0.05 ppm for Macro cell and ±0.1 ppm for small cells; 
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· Receive signal frequency offset due to Doppler shift relative to the eNB transmit frequency 
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 (where v is the UE speed relative to the eNB). In the general case, it may not be assumed that UE is capable to dynamically track the Doppler shift during the synchronization and hence the respective errors need to be taken into consideration.
· Residual frequency offset estimation error at the UE side
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 relative to the “actual received frequency” 
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. For the legacy systems
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 is typically assumed to be ±0.1 ppm [TS 36.101].
It should be noted that UE may have an initial frequency offset (e.g. up to ±10 ppm), however it is assumed to be pre-compensated during the cell search procedure and is not considered in current analysis.
So, in case of using eNB signals for synchronization, the vehicle UE TX frequency is equal to 
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 for TDD mode. For FDD mode, the UL TX frequency is derived similarly using additional DL/UL frequency offset scaling.

Vehicle-to-Vehicle Link (Frequency Offset Model in Sidelink)
For V2V communication, the frequency offset errors observed at the receiving UE depend on the following factors:

· DL frequency offset synchronization errors for each UE as described above.

· Receive signal frequency offset due to Doppler shift relative to the UE (vehicle) transmit frequency 
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 (where v1 and v2 are the UE speeds).

The overall vehicle-to-vehicle frequency offset including DL synchronization errors and Doppler shift effects is described by the following equation for the case of transmission from UE A to B:
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In case if two vehicles synchronize to the same cell (e.g. eNB#1), the term 
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 is the same and thus it is eliminated:
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Assuming the same magnitude of UE #A and #B speeds, the 
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 and 
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. So, the upper bound on frequency offset error at the receiver can be estimated as follows:
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Vehicle-to-eNB (Frequency Offset Model in Uplink)
For Vehicle-to-eNB communication, the frequency errors observed at the receiving eNB depend on the following factors:

· DL frequency offset synchronization errors described above.

· Receive signal frequency offset due to Doppler shift relative to the UE transmit frequency 
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The overall frequency offset of UE synchronized to reference eNB (e.g. eNB#1) relative to the non-reference eNB (eNB#2) is given by the following equation:
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The overall frequency offset of UE synchronized to reference eNB (eNB#1) relative to the same eNB (eNB#1)
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The upper bound frequency error can be estimated as:
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Summary

Therefore, even if the ±0.1 ppm on oscillator frequency offset error is hold, the transmit waveform experiences the offset relative to the absolute frequency due to Doppler shift effect which is not compensated by UE transmitter. Our analysis presented in Appendix A shows that depending on the conditions the maximum relative frequency error for V2V communication may be up to 4.8 kHz which is very large frequency offset assuming 15 kHz subcarrier spacing. However, the maximum frequency error may be reduced if transceiver is able to separately estimate the Doppler shift relative to eNB and compensate it. Depending on this assumption two synchronization strategies can be used as discussed in the next section.
2.2 Frequency Synchronization Strategies

When eNB signal is used for synchronization in general different approaches may be applied to estimate and compensate Doppler shift due to vehicle mobility. The feasibility and accuracy of this approach should be further analyzed in RAN4 WG since it depends on many factors including: frequency stability of UE oscillator and assumption on residual frequency offset, accuracy of frequency offset estimation in high mobility environment and processing involved. Depending on whether the Doppler shift relative to eNB is compensated or not, two different synchronization strategies can be considered:

· Synchronization to “actual received frequency” – This strategy assumes that vehicle does not differentiate effects due to Doppler shift and oscillator and does not compensate Doppler shift, so that it transmit frequency has an offset relative to absolute frequency due to Doppler shift.

· Synchronization to absolute frequency – This strategy assumes that vehicle separately tracks offset due to Doppler shift and oscillator and performs pre-compensation of Doppler shift so that actual UE transmit frequency is close to the absolute frequency subject to synchronization errors.

The synchronization to relative/received frequency may result in a higher overall frequency offset upper bound for V2V communication, given that the effect of Doppler shift on eNB-UE link is a part of the vehicle transmit/receive frequency:
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The synchronization to the absolute frequency may result in a reduced overall frequency offset for V2V communication, given that the effect of Doppler shift on eNB-UE link is removed. The maximum frequency offset error in this case is upper bounded by the following equation:


[image: image21.wmf]UE

UE

eNB

MAX

V

V

D

+

»

D

-

-

2

2

2

e


Although the overall frequency offset error may be larger for the case of synchronization to relative/received frequency, this approach may be more desirable since it reuses the existing synchronization procedures at the UE terminal and handles the overall frequency offset error during the demodulation. The synchronization to the absolute frequency may impose additional UE complexity and its feasibility needs careful studies which is subject to the RAN4 WG discussion.
Proposal 1
· When eNB signal is used for synchronization, the synchronization to actual received frequency is considered as a baseline approach for further studies unless other guidance is received from RAN4 WG.
· Link level evaluations should consider additional Doppler shift due to synchronization on eNB-UE links.
2.3 Handling Relative Frequency Offset by Demodulation

For reliable V2V communication, the relative frequency offset needs to be handled by demodulation. In particular, the CFO can be compensated using post-FFT processing. However, to enable this the inter-DMRS spacing needs to be sufficient to allow estimation of large CFO values. The legacy structure of LTE sidelink/uplink DMRS signals has 0.5ms spacing between the consecutive DMRS signals within 1ms subframe. This may not be sufficient to handle large relative carrier frequency offsets that can be up to 4.8 kHz. As discussed in [9], the SL physical channel and DMRS structure for vehicular communication needs to be modified to address this challenge. To handle up to 4.8 kHz relative frequency offset, the inter-DMRS spacing should be less than 0.1ms, i.e. reduced in ~5 times relative to the legacy system (see Figure 2). This can be achieved by using different options or their combination, e.g. changing LTE numerology (e.g. 30 kHz subcarrier spacing), increasing number of DMRS symbols per TTI, decreasing the separation between DMRSs. Our analysis in [9] shows that increased subcarrier spacing and reduced symbol duration provide robust performance in case of large frequency offset ranges.
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Figure 2: DMRS Separation vs CFO Range
Proposal 2
· Consider to increase subcarrier spacing for V2V communication in order to extend CFO acquisition range using DMRS signals.
3 Discussion on Different Synchronization Options

For synchronous D2D communication defined in LTE Rel.12, the sidelink synchronization procedure defines two types of synchronization/reference sources: eNB and UE (independent synchronization source). The set of synchronization sources for V2V communication needs to be extended in order to support Global Navigation Satellite Systems (GNSS) as a synchronization source/reference, especially for out of coverage operation. In general, the combination of different synchronization sources can be used subject to further accuracy analysis of different synchronization technologies which is supposed to be conducted by RAN4 WG [3]. Alternatively, the procedures for synchronization source selection may be defined providing information on priority of synchronization source selection.
In LTE Rel.12, the priority of synchronization source selection is defined for D2D transmission. For V2V operation these principles need to be updated given that GNSS can be used as a reference synchronization source. The synchronization source/reference selection may be pre-defined by specification or configurable and should be further discussed taking into account the synchronization accuracy analysis from RAN4 WG. For instance, the following example of synchronization priority can be used:
Priority rules for reference source: GNSS > eNB > UE deriving from GNSS > UE deriving from eNB > Standalone UE
It should be noticed that priority rule may depends on whether UE is within network coverage or outside of network coverage. Moreover, when moving from out-of-coverage to in-coverage (or vice versa) the source of synchronization reference may change, if no global timing is assumed for V2V operation. Therefore additional assistance information describing timing relation between GNSS timing and V2X network timing may be needed (e.g. relation of SFN0 transmit timing, GNSS timing and resource allocation).
Proposal 3
· RAN1 to discuss priority of different synchronization references, as well as resource allocation and timing relationship of GNSS and network timing, once the accuracy analysis is provided by RAN4 WG.
The UE deriving timing from GNSS is likely to have more accurate synchronization than standalone UE deriving timing from a local oscillator. Therefore, the dedicated synchronization resource may need to be allocated for UEs equipped with GNSS receivers and propagating timing information. In other words, the synchronization resource may be associated with the type of synchronization references.
4 Conclusions
In this contribution, we provided our views on synchronization related aspects for V2V communication. Based on the discussion and presented analysis, we have following proposals:

Proposals

· When eNB signal is used for synchronization, the synchronization to actual received frequency is considered as a baseline approach for further studies unless other guidance is received from RAN4 WG.

· Link level evaluations should consider additional Doppler shift due to synchronization on eNB-UE links.
· Consider to increase subcarrier spacing for V2V communication in order to extend CFO acquisition range using DMRS signals.

· RAN1 to discuss priority of different synchronization references, as well as resource allocation and timing relationship of GNSS and network timing, once the accuracy analysis is provided by RAN4 WG.
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6 Appendix A: Frequency Offset Error Estimates
The frequency offset error caused by Doppler shift relative to eNB depends on whether UE approaches reference eNB or moves away. The Table 1 shows the maximum frequency offset due to Doppler shift for different cars as shown for the deployment illustrated in Figure 1.
Table 1: Frequency Offset due to Downlink/Uplink/Sidelink Doppler Shift

	Link
	Max Doppler Shift
	Doppler frequency, Hz 
6 GHz @ 140 km/h
	Doppler frequency, Hz
6 GHz @ 160 km/h

	eNB - Vehicle A
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	eNB - Vehicle C
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	eNB - Vehicle D
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	eNB - Vehicle E
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	Vehicle A - B
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	Vehicle A - C
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	Vehicle A - D
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	Vehicle A - E
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In Table 2, we analyze the relative frequency offset seen at the receiver side for different vehicle pairs as shown in Figure 1.

Table 2: Relative frequency offset error for V2V operation when vehicles synchronize with the same eNB
	Link
	FUE_TX_V2V (A)
FUE_RX_V2V (B/C/D/E)
	Upper bound Frequency Offset Error @ 6GHz, 160 km/h

	
	
	

	Vehicle A - B
	A: 
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B: 
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	2980 Hz

	Vehicle A - C
	A: 
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C: 
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	Vehicle A - D
	A: 
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D: 
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	4758 Hz

	Vehicle A - E
	A: 
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E: 
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