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1 Introduction
In RAN4 meeting #74, the new scenarios were discussed and there were four kinds of new scenarios identified. After the email discussion, more detailed parameters were provided by companies. And the summary of email discussion was provided in [1]. And totally three (or four) new channel models were identified, which are directly related to demodulation performance. In this contribution we would like to provide the initial analysis of the impact of new channel model on UE demodulation performance requirements and more detailed simulation assumptions to facilitate the evaluation in the future.
2 New channel models
Because here we mainly care about the demodulation performance, we focus on the small scale or fast fading channels for the new scenarios. According to [1], there are three types of new channel models:
· 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 Analysis of challenges for UE demodulation
3.1 SFN
There would be mainly two challenges for UE demodulation under the SFN scenarios:
· Timing and frequency tracking: 
· Channel estimation: 

When UE moves from one RRH to the adjacent RRH, the Doppler shift, transmission delay and relative power from different RRHs will change quickly and significantly. Under such channel, the first path arriving at UE and for UE to estimate the timing is not fixed. And when UE moves far from one RRH and close to the other one and the estimated efficient “Doppler shift” will also change because the signal with dominant power changes and the signal from different RRH to UE will has different Doppler shift. As pointed out by companies, the frequency tracking failure will cause severe problem, e.g., selection/re-selection failure or handover failure. To evaluate the timing and frequency tracking performance, we need a dynamic channel model with Doppler shift, delay, relative power changing with time.
For the challenge of channel estimation, the worse case may happen when UE is located in-between two RRH-s. In such scenario, the signal from the RRH in front of the UE will be with the positive maximum Doppler shift, while the signal coming from the RRH behind the UE will be with the negative maximum Doppler shift. If both signals had the same power level, the efficient Doppler shift estimated by UE would be zero and no AFC would be conducted. And the UE performance would degrade. And the Doppler spectrum for such scenario is different from the classic U-shape Doppler spectrum, which means the optimal Wiener filter for channel estimation will be different from the existing one for NLOS channels.
As an example, we provide the simulation results by using the simplified two-path model.

If Figure 1, we provide the initial evaluation results by assuming one simple channel model.. The channel could be modelled as two-tap channel with equal power at each tap. The channel impulse response can be denoted by
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When fDmax increases, the significant performance loss can be observed compared to the performance of UE with lower moving speed. We would like to invite companies to provide more evaluations under such channel model.
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(a) All TPs transmitting the same data to one user under SFN deployment, simplified channel model
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(b) Initial evaluation results
Figure 1: SFN scenario for high speed train network
3.2 Leaky cable
The most challenging channel is that from leaky cable to repeater in tunnel. It is expected the channel estimation performance will degrade. And we should also evaluate the timing and frequency tracking issue. But according to the analysis, it seems that the dominant path is with zero Doppler. So we are not sure how significantly the performance will degrade. More simulation work is needed.
3.3 Two hop channel
For two-hop channel, the big issue is that there are too many combinations and it would not be easy to design the channel model even if we had the good model for each hop. We propose to delay the study about this channel after we finalize the work for one-hop channel.
4 Simulation assumptions

We propose to run link adaptation performance under SFN channel model and leaky cable channel model. The detailed simulation assumptions are given in Table 1. And it is proposed to focus on the study the PDSCH performance, because the performance of PDSCH would be more sensitive to high Doppler shift.
Table 1: Simulation assumptions for UE demodulation performance evaluation
	Parameters
	Unit
	Values

	Bandwidth
	MHz
	10

	MCS
	
	Link adaptation with OLLA

	Propagation condition and correlation matrix
	
	Option 1: Dynamic SFN channel; Static channel matrix as defined in B.1 in 36.101
Option 2: Channel for leaky cable to repeater in Tunnel (multi-tap Rayleigh model with Doppler shift); Low correlation

	Antenna configuration
	
	2x2

	Transmission mode
	
	TM3 with rank adaptation

	Reference receiver
	
	MMSE-IRC

	Noise estimation
	
	Practical

	Time and frequency track
	
	Practical


5 Conclusions

In this paper, we provide our analysis on the UE performance evaluation under the new scenarios. We propose to study the PDSCH performance under SFN channel and leaky cable channel to evaluate the impact of new high speed scenario on timing and frequency tracking and the channel estimation.
· Proposal 1: Study the PDSCH performance under SFN channel and leaky cable channel to evaluate the impact of new high speed scenario on timing and frequency tracking and the channel estimation.
The detailed simulation assumptions are given in Table 1.

Table 1: Simulation assumptions for UE demodulation performance evaluation

	Parameters
	Unit
	Values

	Bandwidth
	MHz
	10

	MCS
	
	Link adaptation with OLLA

	Propagation condition and correlation matrix
	
	Option 1: Dynamic SFN channel; Static channel matrix as defined in B.1 in 36.101

Option 2: Channel for leaky cable to repeater in Tunnel (multi-tap Rayleigh model with Doppler shift); Low correlation

	Antenna configuration
	
	2x2

	Transmission mode
	
	TM3 with rank adaptation

	Reference receiver
	
	MMSE-IRC

	Noise estimation
	
	Practical

	Time and frequency track
	
	Practical
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