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Discussion
1 Introduction
Several companies had indicated the frequency tracking instability in Bidirectional deployment when the UE reaches the middle of two RRHs in previous meeting [1][2]. Also there is concern on whether the two Doppler frequencies with different signs will be seen simultaneously when the UE is approaching one RRH in Unidirectional deployment [3]. 
In this paper, we do some analysis and provide our observations.
2 Time/frequency tracking behaviour for Bidirectional deployment
Fig. 1 shows the theoretical Doppler frequency, relative path loss and the time delay trajectories of the two received paths for Bidirectional deployment, and the corresponding parameters are listed in TABLE 1. Note that Dmin = 30m is configured for considering more realistic deployment.
Fig. 2 shows the time and frequency tracking trajectories for Fd = 875Hz. The conventional CRS based frequency tracking method is adopted. The SNR of each path in the middle of two RRHs is around 7dB. We don’t see significant ups and downs in the tracking trajectory.
The simulation is also conducted by the parameters in TABLE 2, in which Fd = 1250Hz for the speed 500 km/hr. In Fig. 3, it is seen that the CRS based frequency tracking method is failed to lock the frequency due to the phase ambiguity. 

Observation 1, We don’t see the ups and downs in the frequency tracking trajectory when the conventional CRS based frequency tracking method is applied to the case of Fd = 875Hz for Bidirectional deployment. 
Observation 2, As the speed is further increased, for example Fd reaches 1250Hz, the conventional CRS based frequency tracking may not be applicable for the Bidirectional deployment. 

3 Time/frequency tracking behaviour for Unidirectional deployment

Fig. 4 shows the three-path model for the Unidirectional deployment. The side lobe of the beamforming radiation pattern is taken into account. To answer the question of whether the UE will see two Doppler frequencies with different signs, let’s take a look at the relative path loss at Fig. 5. At t = 10 seconds, the UE is very close to one RRH, and the main lobe power described by the red curve from the far RRH is still around 10dB stronger than the side lobe power by the pink curve from the near RRH. In Fig. 6, it is seen that around t = 10 seconds, there is frequency fluctuation, which is around 200Hz ups and downs for less than 0.5 seconds. As such, we don’t see significant impact from the side lobe power of the near RRH to the frequency tracking behavior.
Observation 3, We don’t observe the significant impact from the side lobe power of the near RRH to the frequency tracking behavior in Unidirectional deployment. 

The timing tracking trajectory is more interesting as also shown in Fig. 6. The ups and downs between 0us and 3us are observed for a short period of time when the UE passes the RRH. It is because at the moment when the UE passes the RRH, the received power from the far RRH which is behind is still stronger than that from the near RRH of passing by. From deriving the effective channel impulse response point of view, it is possible to treat the weak tap as noise and to ignore it. 
We also want to point out that, the radiation pattern for the Bidirectional deployment is not specified in the TR. As such, the receiver behavior can’t be properly verified.
Fig. 7 shows the timing and frequency tracking trajectory for Fd = 1250Hz in Unidirectional deployment. The conventional CRS based frequency tracking method is applied and the frequency can be locked properly as compared to the result in Fig. 3. 
Observation 4, A short period of ups and downs in timing tracking trajectory is observed when the UE passes the RRH in Unidirectional deployment.

Observation 5, The radiation pattern for the Bidirectional deployment is not specified in the TR. As such, the receiver behavior can’t be properly verified.
Observation 6, As the speed is further increased, for example Fd reaches 1250Hz, the conventional CRS based frequency tracking is applicable for the Unidirectional deployment.    

Proposal 1, Provide the radiation pattern in Bidirectional deployment to help the UE verifying the receiver behavior.
	Parameter
	value

	Ds
	1000 m

	Dmin
	30 m

	v
	350 km/hr

	Max Doppler
	875Hz


TABLE 1
	Parameter
	value

	Ds
	1000 m

	Dmin
	30 m

	v
	500 km/hr

	Max Doppler
	1250Hz


TABLE 2
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Fig. 1, Theoretical trajectories of each path in Bidirectional deployment
[image: image2.png]estimated frequency (Hz)

max SNR = 3208, Ds= 1000m, Dmin= 30m, Fd= 875Hz

1000 — T T T T T T T T
500
0
500
1000
0 02 04 06 08 1 12 14 16 18 2
number of subiarme it
£
£
% HES S S S R S S S

xio*




Fig. 2, The estimated frequency and timing offset in Bidirectional deployment. Fd= 875Hz 
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Fig. 3, The estimated frequency and timing offset in Bidirectional deployment. Fd= 1250Hz  
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Fig. 4, After the UE passes RRH3, ignore the signal from RRH1 and replace it in the three-path model by the side lobe signal from RRH4
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Fig. 5, Theoretical trajectories of each path in Unidirectional deployment
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Fig. 6, The estimated frequency and timing offset in Unidirectional deployment. Fd= 875Hz
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Fig. 7, The estimated frequency and timing offset in Unidirectional deployment. Fd= 1250Hz 
4 Conclusion 
Observation 1, We don’t see the ups and downs in the frequency tracking trajectory when the conventional CRS based frequency tracking method is applied to the case of Fd = 875Hz for Bidirectional deployment. 

Observation 2, As the speed is further increased, for example Fd reaches 1250Hz, the conventional CRS based frequency tracking may not be applicable for the Bidirectional deployment. 

Observation 3, We don’t observe the significant impact from the side lobe power of the near RRH to the frequency tracking behavior in Unidirectional deployment. 

Observation 4, A short period of ups and downs in timing tracking trajectory is observed when the UE passes the RRH in Unidirectional deployment.

Observation 5, The radiation pattern for the Bidirectional deployment is not specified in the TR. As such, the receiver behavior can’t be properly verified.

Observation 6, As the speed is further increased, for example Fd reaches 1250Hz, the conventional CRS based frequency tracking is applicable for the Unidirectional deployment.    

Proposal 1, Provide the radiation pattern in Bidirectional deployment to help the UE verifying the receiver behavior.
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