3GPP TSG-RAN WG4 Meeting #76bis
R4-155873
Sophia Antipolis, France, 12 – 16 Oct, 2015
Agenda Item:
10
Source: 
Ericsson
Title: 




Synchronization Error Assumption in LTE-based V2X
Document for:

Discussion
1.
Introduction

As part of a RAN1 study on Vehicle-to-Vehicle (V2V) communication [1], RAN1 has sent an LS to RAN4 requesting guidance on the synchronization error at a vehicle with high mobility when GNSS (global navigation satellite systems) is employed and also when an eNB signal is available. This contribution discusses the achievable frequency stability of V2V UEs that are GNSS capable.  
2.
Background
In [2], RAN1 has sent the following request to RAN4:

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.
2.
Discussion of V2V Frequency Accuracy 
It should be noted that the initial frequency offset for an unsynchronized UE will depend on a number of factors including the aging and temperature of the oscillator in the UE. Furthermore the complexity of the design of any compensation circuitry will vary with the UE category and cost of the UE, so it is difficult to provide a single value for a typical UE. For the purposes of the discussion for V2V transmissions, it is assumed that the V2V device was recently synchronized to the network and that frequency stability variation due to aging is not significant. It is also assumed that any frequency error due to relative Doppler between the UEs involved in the V2V communication is separately compensated for.
Thus for the purposes of this discussion it is assumed that initial frequency offset of an unsynchronized V2V UE has been compensated for by the UE having previously been synchronized to the LTE network or a GNSS signal. 
The variation in frequency stability due to temperature variation of the oscillator in the UE can depend on a number of factors of the UE module design including the choice of the oscillator itself, the shielding of the circuitry as well as the thermal gradients at PCB containing the oscillator. As such the component of frequency stability due to UE oscillator temperature variation can take on a range of values. For example with a typical variation in frequency stability with temperature  on the order of 0.2 ppm/degree and a typical case variation in temperature at the UE of  0.5 degree/second results in an overall component of frequency error due to temperature variation of 0.1 ppm over a second.
Accurate frequency stability in a GNSS capable V2V UE allows for faster acquisition time of the satellite signal as well as reduced error due to Doppler. The accuracy of GNSS receivers in UE´s will typically vary with price.  A short term frequency stability of +/-0.5 ppm can easily be achieved with temperature compensated crystal oscillators (TCXO´s) at a low cost from a UE perspective. Higher accuracies with GNSS capable TCXO’s on the order of +/-0.1 ppm to +/-0.05 ppm can also be achieved at higher costs ( see [3] for example) as well as possibly a higher power consumption. 
With respect to synchronizing to the LTE network, Table 6.5.1-1 from TS36.104 [4], reproduced below provides the minimum frequency requirement for each class of LTE eNB. Thus for macro eNBs (i.e. wide area BS) the frequency error in the transmitted signal due to oscillator accuracy will be less than +/- 0.05 ppm. Similarly for medium and local area basestations (i.e. micro and pico eNBs) accuracy will be better than +/- 0.1 ppm. 
Table 6.5.1-1:  Frequency error minimum requirement

	BS class
	Accuracy

	Wide Area BS
	±0.05 ppm

	Medium Range BS
	±0.1 ppm

	Local Area BS
	±0.1 ppm

	Home BS
	±0.25 ppm


Thus for V2V UE’s that have a short term frequency stability of poorer than +/-0.1 ppm it may be possible to employ network assisted compensation to attain an effective accuracy close to +/- 0.1 ppm
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Conclusions
Based on existing availability of GNSS capable TCXOs it can be concluded that V2V UE’s with a short term frequency stability of +/-0.1 ppm can be employed as a design assumption in RAN1. Furthermore, improved accuracy may be obtained for GNSS or network assisted receivers, but  RAN4 has not studied the issue in detail.
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