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1 Introduction
The study item [1] for LTE V2X is ongoing in RAN1. In RAN1#82 meeting, an LS [2] was sent to RAN4 asking RAN4 to provide guidance about synchronization error at the vehicle with high mobility when GNSS is used and when eNB signal is used. In RAN2#82bis meeting, another LS was sent asking in 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.

In last RAN4 meeting, there were some discussions but finally no agreement. In our view, three issues need to be clarified or agreed in order for RAN4 to provide a meaningful feedback to the LS from RAN1. 
· What is the frequency error RAN1 is addressing
· Whether the Doppler shift should be included in the above frequency error
· What is the achievable accuracy of the typical GNSS module in the V2X terminal
In this paper, we will provide our views on the frequency error for V2X, and address the questions asked by RAN1.  
2 Discussion

When discussing the frequency synchronization error, it is important to clarify which link is addressed in the V2X context, as the components that are contributing are different for different links.
In our understanding, the concerned link which is also the new one is the PC5, i.e. between the two moving terminals participating V2X, and the error is between the transmitting frequency from one terminal compared to the receiving frequency of another terminal, when both terminals are doing V2X communication on the same carrier.
There are also other links in V2X, e.g. when eNB is used as the sync source, the link between eNB and UE. However, we think the synchronization performance for this link is already well known. 
Proposal 1: RAN4 should address the synchronization error between the transmitting frequency from one terminal compared to the receiving frequency of another terminal.
Next we will analyze the frequency error of the concerned link. 

The transmitting frequency from a V2X terminal is 

fTx = f0 + Δfsource + ΔfDoppler + Δfsink
where f0 is the absolute frequency of the target V2X carrier, Δfsource is the error due to uncertainty at the sync source, ΔfDoppler is the Doppler shift between the sync source and the V2X terminal, and Δfsink is the error due to uncertainty at the terminal transceiver.
The receiving frequency of a V2X terminal is calculated with the same formula, but Δfsource, ΔfDoppler and Δfsink are derived with the V2X receiving terminal and its own sync source.
What was debated but not agreed in last RAN4 meeting is whether ΔfDoppler could be ignored or not. When GNSS is used as the sync source, it is common understanding that the relative movement between the V2X terminal and the sync source can be ignored. When eNB is used as sync source, there is no explicit requirement to mandate UE to synchronize the absolute frequency transmitted by eNB. Some companies’ view is that UE synchronizing to the absolute eNB frequency is required to fulfil the demodulation requirements. 

In our understanding, UE could need to track to the absolute eNB frequency on NLOS channels due to the Doppler spread, but in the LOS case like HST there is no need, and UE only needs to synchronize to its received frequency. There were also some discussions on whether there is/can be LOS component in the channel between an eNB and a UE. The largest Doppler will be experienced in the highway scenario where the deployment is likely (or at least can be) done road side eNBs. In such case there will areas at least close to the eNB with LOS channel. Then the UE local is synchronized to the received signal which have a non-symmetric Doppler spectrum i.e. the frequency reference at the UE is in offset to the absolute reference of the eNB.

When two UEs are approaching a road side eNB with the same speed (either to the same or opposite directions) the frequency offsets at the UEs are the same. There can be however difference between the frequency offsets (due to Doppler) if the other UE is going towards the eNB and the other one going away from the eNB. This can happen when two UEs are going to same direction and synchronized to the same road side eNB; if the other vehicle has already passed the eNB but the latter one is stil approaching the eNB the frequency references may be in offset of twice the Doppler offset. Same thing can happen if the vehicles going to the same direction are synchronized to two different eNBs. The frequency offsets will be also different if the UEs have different speeds. That could be a critical case in the highways if e.g. a car has (for some reason) stopped and the others have highest allowed speed.

Such cases where offsets are different are happening only in some scenarios but we think there should not be any “gaps” with the vehicular connections and hence Doppler could not be excluded.
Proposal 2: Doppler shift due to mobility between the UE and the serving eNB cannot be excluded in the total frequency error.

For other components of total frequency error, there were extensive discussions in the last meeting, and the opinions from companies are not so divergent. For example, Δfsink can be assumed as ±0.1ppm as defined in 36.101 for UE type of V2X terminal; Δfsource can be assumed as ±0.05ppm when a macro eNB is used as the sync source, and depends on the performance of the practical GNSS module implementation.
3 Conclusions 

In this paper, we discussed the frequency error assumption for V2X communication. First we tried to clarify for which link the frequency error should be addressed, and then we analyzed the open issue from the last meeting whether Doppler shift should be included in the total frequency error. Specifically, we have the following proposals, and we think the questions asked by RAN1 can be addressed.
Proposal 1: RAN4 should address the synchronization error between the transmitting frequency from one terminal compared to the receiving frequency of another terminal.
Proposal 2: Doppler shift due to mobility between the UE and the serving eNB cannot be excluded in the total frequency error.
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