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1. Introduction

Two LS from the RAN WG1 with the questions on the frequency synchronization error assumptions for LTE-based V2X were received [1-2]:
	R1-154995

1. Overall Description:

RAN1 discussed evaulation assumptions for LTE-based V2X and would like to ask guidance about synchronization error at the vehicle with high mobility when GNSS is used and when eNB signal is used. It is noted that RAN1 agreed to evaulate PC5-based V2V assuming 6 GHz and 2 GHz frequencies, and RAN1 will assume at least the case where frequency error (i.e., error in the oscillator) is in the range of +- 0.1 PPM until RAN1 receives guidance on this assumption.
2. Actions:

To RAN WG4
ACTION: 
RAN1 respectfully asks RAN4 to provide guidance about synchronization error at the vehicle with high mobility when GNSS is used and when eNB signal is used.

	R1-156315

Overall Description:

RAN1 asked guideline on the UE synchronization accuracy for LTE-based V2X in LS R1-154995.

RAN1 is discussing how to use the synchronization accuracy correctly in V2V simulations over PC5.

2. Action:

To RAN4 group.

ACTION: 
RAN1 respectfully asks RAN4 to clarify within the reply LS to R1-154995, for the case where a UE derives its frequency synchronization from an eNB, whether the accuracy takes into account the potential Doppler shift due to mobility between the UE and the serving eNB, or not. If potential Doppler shift is not included in the frequency error, RAN1 asks RAN4 to provide answer above to which extent frequency error is impacted by Doppler shift based on attached RAN1 evaluation assumptions.


In this contribution we share our views on the synchronization error assumptions for LTE-based V2X systems under assumption of using LTE eNB and GNSS-based synchronization solutions. The draft of the LS reply text is provided in the companion paper [3].
2. LTE based V2V/V2X synchronization
In case of LTE based synchronization, it is assumed that UEs derive the frequency synchronization using LTE eNB PSS/SSS/CRS signals. For this case regular LTE synchronization procedures are used and the existing RAN4 requirements specify that UE should have ±0.1 ppm frequency error in terms of transmit waveform quality [4]. However, the requirements are defined relative to the “actual received frequency” and not relative to the “absolute” frequency. The “actual received frequency” may include an additional offset vs the “absolute” frequency due to transmit signal frequency errors at the eNB itself and the Doppler frequency shift caused by the vehicular movement relative to the eNB. In addition, in the presence of high Doppler spread the overall frequency acquisition accuracy may be also affected.

2.1 Frequency error model

Further we describe the main sources of frequency synchronization errors based on the analysis in [5]. To simplify description and analyze the worst case scenario in terms of the overall frequency 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 the 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 DL)

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 
[image: image2.wmf]eNB

D

 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 [4], however, further analysis on the achievable accuracy under high mobility conditions (high Doppler spread) may be needed.
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 the current frequency error model.

So, in case of using eNB signals for frequency 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. 

For the case of 6 GHz frequency and 140 km/h vehicular speed the maximum UE transmit frequency error relative to the absolute frequency is ~1.7 kHz for the 0.05ppm eNB frequency error and ~2.0 kHz for the 0.1ppm eNB frequency error.
Vehicle-to-Vehicle Link (Frequency Offset Model in SL)

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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For the case of 6 GHz frequency, 140 km/h vehicular speed, 280 km/h relative vehicular speed the maximum frequency error at the receiver side relative the absolute frequency for the vehicle-to-vehicle link is ~4.3 kHz for the case UEs synchronize to the same eNB. In case UEs synchronize to different eNBs the error can be up to ~4.9 kHz for the 0.05 ppm eNB frequency error.
Vehicle-to-eNB (Frequency Offset Model in UL)

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:


[image: image19.wmf]UE

UE

eNB

MAX

eNB

V

D

+

»

D

-

-

e

2

2


For the case of 6 GHz frequency and 140 km/h vehicular speed the maximum UE transmit frequency error relative to the absolute frequency is ~2.2 kHz.
We would also like to note that the analysis above is well aligned with the existing RAN4 HST UL demodulation requirements channel model, when the UL frequency error at the eNB is defined to be 2 x Downlink Doppler frequency.
Summary

Based on the analysis above we would like to note that even if the ±0.1 ppm oscillator frequency error can be achieved, the transmit waveform experiences the offset relative to the absolute frequency due to Doppler shift effect. The respective error may result in a very high receive signal CFO on the eNB-to-Vehicle, Vehicle-to-Vehicle and Vehicle-to-eNB links. For instance, depending on the conditions the maximum relative frequency error for V2V communication may be up to 4.9 kHz.

Furthermore, as we note above in the presence of high Doppler spread the overall frequency acquisition accuracy at the UE may be also affected and become larger than ±0.1 ppm and this aspect needs further analysis before providing answer to RAN1 WG.

Observations #1 (eNB based synchronization)
· UE transmit frequency error may include a component due to Doppler shift on the cellular link and also eNB frequency error
· Under high mobility conditions the ±0.1 ppm frequency accuracy may not hold true and further RAN4 analysis on the achievable accuracy may be needed.

· The overall UE transmit frequency error may reach up to 2 kHz for the high mobility environments @ 6GHz carrier frequency

· The overall receive frequency error on the V2V links may reach up to 4.9 kHz for the high mobility environments @ 6GHz carrier frequency

2.2 Frequency error compensation

As mentioned above the current RAN4 requirement on waveform quality are define under assumption that the UE is expected to synchronize to the “actual received frequency” from eNB that may include Doppler shift in case of mobility. In general, several potential approaches can be considered to compensate the frequency errors. In our view, one of the most promising approaches is to rely on the eNB controlled UE frequency offset correction. For instance, if UE applies the actual received frequency (with additional estimation error up to 0.1ppm) for transmission, then Doppler effect at eNB side is doubled at eNB receiver side. The eNB may measure the frequency offset including Doppler shift and synchronization errors. In case if this offset is too high the eNB may try to correct it by sending frequency offset adjustment commands so that UE applies it for transmission.
3. GNSS based V2V/V2X synchronization
In case GNSS based synchronization is used, a standalone V2V deployment is assumed and UEs derive frequency synchronization using external GNSS signals. In this scenario the UE transmit frequency errors depend on the GNSS receiver frequency accuracy. In case of presence of the reliable signals from multiple satellites the GNSS frequency accuracy can be below ±0.1 ppm. Furthermore, the accuracy is not affected by the UE mobility. At the same time, the measurements are subject to the availability and cannot be assumed to be available under all conditions. For instance, the accuracy may reduce in the urban environments or tunnels when the GNSS signals are not available.
The similar analysis as in Section 2 shows that in case of using GNSS based synchronization the frequency error for the V2V link includes the UE transmit/receive frequency errors and also the Doppler shift component. For the case of 6 GHz frequency and 160 km/h vehicular speed the maximum frequency error at the receiver side relative the absolute frequency for the vehicle-to-vehicle link is ~2.4 kHz.

Observations #2 (GNSS based synchronization)

· The UE transmit frequency error can be assumed to be lower than ±0.1 vs the absolute frequency.
· Under high mobility conditions the same frequency error can be assumed.

· The overall receive frequency error on the V2V links may reach up to 2.4 kHz for the high mobility environments @ 6GHz carrier frequency.
4. Conclusions

In this contribution we have provided our views on the synchronization error assumptions for LTE-based V2X under assumption of using eNB and GNSS based synchronization. In summary we make the following proposals:
Proposal #1:
Inform RAN1 WG that in case of using eNB based frequency synchronization the frequency synchronization is done relative to the “actual received frequency” which may include the CFO due to Doppler shift on the cellular link and also the eNB frequency error.
Proposal #2:
Inform RAN1 WG that in case of GNNS based frequency synchronization the transmit frequency error at the UE side can be below ±0.1 ppm.

The draft of the associated LS reply text is provided in the companion paper [3].
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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 B
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	-889 Hz

	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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	1556 Hz
	1778 Hz

	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, 280 km/h relative UE speed, 0.05 ppm eNB error

	
	
	UEs synchronize to the same 
eNB
	UEs synchronize to the different eNBs

	Vehicle A - B
	A: 
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B: 
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	2700 Hz
	3300 Hz

	Vehicle A - C
	A: 
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C: 
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	2700 Hz
	3300 Hz

	Vehicle A - D
	A: 
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D: 
[image: image34.wmf]D

D

eNB

eNB

c

f

D

+

-

D

+

-

e


	4300 Hz
	4900 Hz

	Vehicle A - E
	A: 
[image: image35.wmf]A

A

eNB

eNB

c

f

D

+

+

D

+

-

e


E: 
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	1200 Hz
	1800 Hz
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