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1 Introduction
In RAN4 meeting #74bis, the BS demodulation performance under the new high speed train scenarios was discussed [1~4]. In this contribution we will further discuss the evaluation assumption, and we would like to raise the issue for PRACH.
2 Agreed new channel models
In [5] three new channel models are identified for evaluation, which are shown below:
· SFN model (RRH sharing the same cell id to UE) 

· Leaky cable outside carriage to Repeater in tunnel scenario

· Leaky cable inside carriage to UE in tunnel scenario.

But in accordance of the offline discussion, it was thought the SFN channel model in open space would be different from one in the tunnel, because there will be more multiple paths observed from each RRH. However, in general SFN in tunnel can be viewed as a special case of SFN in open space with small size or vice versa.

For the SFN channel model, the number of detectable paths, the relative power levels of each tap, the Doppler shift for each tap and the relative timing delay arrived at UE from each RRH will change with time. So the channel is time-variant.
For the channel from the leaky cable to repeater in the tunnel, the channel could be modelled as the multi-tap channel, and each tap could be described as a random variable which is complex Gaussian distributed (the amplitude is Rayleigh-distributed). And due to fast moving there would be a Doppler spread, but the Doppler spread is not uniform on each tap. On the contrary, each tap is approximated linked to a distinct Doppler shift.
For the channel from the leaky cable to user in the carriage, the channel model is one with multi-tap and zero Doppler. It seems that channel is not relevant for the high speed scenario, but in fact there are two classes of scenarios as shown in [1], i.e., one-hop channel and two-hop channel. Leaky cable to user is used for the latter.
The detailed channel model will be discussed in other papers.
3 BS PUSCH/PUCCH evaluation under new scenarios
3.1 PUSCH/PUCCH performance under SFN
There would be two kinds of implementations for BS under SFN scenario: 

· Each RRH can separately handle PUSCH/PUCCH demodulation and the combine the signal;
· The signals from RRH are directly combined and then processed.

If BS follows the first one, then the processing in each RRH is the same as the legacy one. If BS follows the second one, maybe there are performance losses and in SI we should evaluate them. But in our view, the first implementation would be widely used in the future. So there might be no need to specify such tests.
· Proposal 1: No new PUSCH/PUCCH performance requirements under SFN channel is needed. In the SFN scenario, the BS performance can be verified by the existing HST BS performance requirements.
3.2 PUSCH/PUCCH performance under Leaky cable channel
The uplink signal will arrive at the many slots and then be combined together. At the eNB receiver, the multi-path could be observed together with the Doppler shift per path. Because eNB could not separately handle the signal coming from one angle and corresponding to one Doppler shift, the evaluation of performance would be needed.
· Proposal 2: PUSCH/PUCCH performances under leaky cable tunnel scenario need further evaluation.
3.3 Simulation assumptions
Table 1 provides the simulation assumptions for PUSCH/PUCCH demodulation performance. In order to compare the performance, we propose to also run the simulation results for the case with 30km/h velocity, which corresponds to 75Hz maximum Doppler shift at 2.7GHz centre frequency.
Table 1: Simulation assumptions for BS PUSCH demodulation performance evaluation

	Parameters
	Unit
	Values

	Bandwidth
	MHz
	10

	MCS for PUSCH
	
	[16QAM 3/4] as baseline, [64QAM 5/6] optional

	Propagation condition and correlation matrix
	
	Channel for leaky cable to repeater in Tunnel

· Multi-tap Rayleigh model with different Doppler shift per tap; 

· Low correlation;

· Velocity of train: 

· Option 1: 350km/h
· Option 2: 30km/h (75Hz)as baseline for performance comparison

	Antenna configuration
	
	1x2

	Reference receiver
	
	MRC

	Noise estimation
	
	Practical

	Time and frequency track
	
	Practical


Table 2: Simulation assumptions for BS PUCCH demodulation performance evaluation

	Parameters
	Unit
	Values

	Bandwidth
	MHz
	10

	PUCCH format
	
	PUCCH format 1a

	Propagation condition and correlation matrix
	
	Channel for leaky cable to repeater in Tunnel

· Multi-tap Rayleigh model with different Doppler shift per tap; 

· Low correlation;

· Velocity of train: 

· Option 1: 350km/h

· Option 2: 30km/h (75Hz)as baseline for performance comparison

	Antenna configuration
	
	1x2

	Reference receiver
	
	MRC

	Noise estimation
	
	Practical

	Time and frequency track
	
	Practical


4 Doppler frequency impact on LTE random access
The Doppler frequency is caused by UE moving towards or away from the base station in the cell. Assuming the frequency shift of the downlink caused by Doppler frequency is[image: image2.png]


, the frequency shifts caused by the UE speed in the uplink will be two times of the Doppler shifts in the downlink due to that the UE will synchronize on an frequency that the carrier plus the Doppler frequency and transmit uplink signal at the synchronized frequency, and an extra Doppler frequency will be added to the uplink signal received by the base station. 
For the random access of LTE, one preamble is sent by the UE who is about to access the network, and at the base station side, the eNB will detect the uplink preamble by correlation between the local preamble and the received uplink preamble signal. However, higher frequency shifts will result in timing ambiguity due to that multiple correlation peaks may be caused by the frequency shifts. In LTE spec, High-speed-flag is used to support high speed UE to access the network, where 3 detection windows [1, 2] for one UE is employed to resolve the timing and frequency offset ambiguity, so that the correct timing and preamble identity can be detected. 
In [1], the root sequence and its preambles by cyclic shifting is selected and calculated according to 

[image: image3.wmf]CSZCCSCS

CS

RARA

RARARA

startshiftshiftCS

shiftgroupshift

0,1,...,1,0for unrestricted sets

0

0

for unrestricted sets

(mod)

for restricted sets

0,1,...,1

v

vNvNNN

N

C

dvnvnN

vnnn

ì

=-¹

êú

ëû

ï

ï

=

=

í

ï

êú

+

=+-

ï

ëû

î


[image: image5.png]


 is the cyclic shifts for each preamble sequence using the same root sequence.
For
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For all other values of
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, there are no cyclic shifts in the restricted set. 
The variable 
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 is the cyclic shift corresponding to a frequency shift of one preamble subcarrier spacing. Different root sequence may have different value of [image: image13.png]


.
For preamble root sequence u=702, [image: image15.png]


= 49 and [image: image17.png]


= 49, it can be calculated that [image: image19.png]



The maximum frequency offset supported by the current spec is limited to around one subcarrier spacing of the preamble signal which is 1.25 KHz. However, when higher speed (above 350 Km/h) or higher carrier frequency (band 22/42/43) is applied, the timing and frequency offset ambiguity still exists, which will degrade the uplink random access performance (higher random access failure rate, higher false alarm rate and increased random access latency). Two examples are presented as below where one UE is using preamble sequence with[image: image21.png]


 for the random access.
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Figure 1: correlation of the local preamble sequence and the received preamble signal with frequency shift of 1.4 times of the preamble subcarrier spacing
The above figure shows an example of the correlation results of the local preamble sequence (u=702, [image: image24.png]


= 49) and the received preamble signal with a frequency shift of 1.4 times of the preamble subcarrier spacing which is 1.75 KHz. From the correlation result, two main peaks emerge at [image: image26.png]dy + deaigy



 and [image: image28.png]2X dy + dgjgy



. At this correlation result, the eNB will have large probability of wrong detection of the preamble sequence. And high probability of random access failure if another UE is using the preamble sequence with [image: image30.png]


 for random access due to the high interference from the first UE with [image: image32.png]
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Figure 2: correlation of the local preamble sequence and the received preamble signal with frequency shift of 1.9 times of the preamble subcarrier spacing
The above figure shows an example of the correlation results of the local preamble sequence and the received preamble signal with a frequency shift of 1.9 times of the preamble subcarrier spacing which is 2.37 KHz. And it can be seen that the strongest peak is at the point of [image: image35.png]2X dy + dgjgy



 which is out of the detection window for the root sequence and acting as the interference to the UE using the preamble with[image: image37.png]


. And the peaks in the detection window of the preamble for the root sequence ([image: image39.png]


) is too small to be detected, and the UEs using the preamble sequence with[image: image41.png]


 and [image: image43.png]


 will both encounter random access failure due to the interference. 
Table 3 the frequency shifts caused by UE moving
	Carrier frquency
	UE speed
Km/h
	Frequency shift @ eNB
Times of preamble subcarrier spacing

	2.6GHz
	250
	0.96

	
	350
	1.34

	
	500
	1.925

	3.5GHz
	250
	1.29

	
	270
	1.4

	
	350
	1.81

	
	500
	2.6


From the table we could see that for high carrier frequency and higher UE speed the frequency shift between the local preamble sequence and the received random access signal will be large and exceed the detection ability of the current LTE specification.
One of the solution is to only use the root sequece without cyclic shifts for the UE to do the random access, but those kind of solutions will have the drawback that the number of available preamble sequence is very limited.
· Proposal 3: PRACH should be studied for higher UE speed and higher carrier frequency.
5 Conclusions

In this paper, we provide our analysis on the BS performance evaluation under the new scenarios and also provide the evaluation assumptions. And we also have raised 
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