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1. Introduction
In RAN#66 meeting, the study item on LTE performance enhancement under high speed scenario was approved [1]. During RAN4#74 meeting, the high speed train scenarios based on practical network deployment and corresponding network deployment parameters had been extensively discussed.
In this contribution we would like to focus on the methodology of channel modeling for the high speed train scenarios in which multiple RRHs are deployed. In addition, we also analyze the necessity of evaluation of PRACH performance in these scenarios.
2. [bookmark: _Ref416722832]Channel model for high speed scenario
As agreed in [2], channel models for the considered scenarios 1-4 given in [3] are encouraged to be provided at this meeting. With respect to the 4 scenarios specified, scenario 1 and 2 are related to the cases in which multiple RRHs or RAUs are deployed to extend the coverage of the cell.
By referring to [4, 5], it means that multiple RRHs are connected to one BBU with fiber, in other words multiple RRHs share the same cell ID. Hereinafter the scenario can be regarded as SFN multi-path scenario as shown in Figure 1 of [4] where each path is coming from a specific RRH. 
In order to analyze the scenario, let's suppose
1. 
 is the distance between two adjacent RRHs and N RRHs are connected to a single BBU and sharing the same cell ID; 
2. 

is the distance between two adjacent eNBs which yields; 
3. 
 is RRH Railway track distance in meters;
4. 
 is the velocity of the train in m/s;
5. 
 is time in seconds.
So the frequency shift of each path corresponding to one specific RRH can be represented as following:

                              



The cosine of angle of the-th tap at instantis given by:

When , i.e. the train is travelling in the coverage of the 1st cell:

[bookmark: ZEqnNum405691]                

When , i.e. the train handovers to the coverage of the 2nd cell: in order to keep it aligned with the original definition in [6], e.g. keep the frequency shift to be continuous to avoid the change of the sign of frequency shift at the handover point, the frequency shift of each tap should be represented as following

             

When ,

[bookmark: ZEqnNum295274]	                   
Proposal 1: By following the principle given in [6], SFN channel model shall adopt formulas  to  to guarantee that the frequency shift can be kept as continuous around the handover point between two adjacent cells.

As stated in [4], in addition to the Doppler frequency shift experienced at each tap, both tap delay and power will vary with time as the train moves along the trail. It means that if we try to define a multiple path fading channel for the SFN network equipped with multiple RRHs, a time-varying model with respect to frequency shift, tap delay and tap power should be introduced. This tends to be too complicated compared with the static propagation models defined in [6]. 

For the sake of simplicity, we can select one specific point in coverage range of one cell to calculate the corresponding tap delay and power with the related distance from each RRH. In the meanwhile, the Doppler frequency shift is kept as the same given the formulas  to . As a result, this model can be considered an ideal simplified-static channel in which only the frequency shift is time-varying, whereas the tap delay and power are kept as fixed with respect to a predetermined position. Though it is not the exact case as in practice, it does constrain the complexity of modeling the multi-path fading channel originated from the multiple RRHs in the SFN network for high speed train scenario. For example, the central location of the coverage range of one single eNB, where on each side there are N/2 RRHs, can be selected as the specific position to calculate each tap delay and power. It can be seen that the related multi-path channel is composed of a symmetric structure in which every two paths corresponding to the RRH being central symmetric with respect to the position exhibiting the same tap delay and power.

Proposal 2: We propose to adopt a simplified-static N-tap channel models, where N corresponds to the number of RRHs deployed in one cell, in which:
· only the frequency shift varies with time whereas tap delay and power are fixed with respect to a predefined position for demodulation performance evaluation.
3. UL performance evaluation
As explicated in [7], a UE, either lost or has not acquired uplink synchronization relies on RACH procedure to achieve uplink time synchronization in LTE. In such a non uplink-synchronized case, eNB will experience as two times of frequency offset as that UE experiences in downlink due to the lack uplink time synchronization. With regard to the agreement given in [2], 2.7GHz is used for both FDD and TDD investigation. For the speed of 350km/h, the Doppler frequency offset is 875Hz for downlink, and 1750Hz for uplink. As a consequence, for the non uplink-synchronized UE, the eNB will receive a RACH signal with 1750Hz frequency shift in the uplink. 
Based on the discussion given in section 2, a multi-path fading channel model should be introduced in the scenario 1 and 2 in which multiple RRHs are equipped in one cell to extend the coverage and avoid the frequent inter-cell handover. On the other hand, the propagation conditions for RACH performance evaluation defined in [6] is cited as Table 1.
[bookmark: _Ref416723251]Table 1 PRACH missed detection requirements for High speed Mode
	Number of TX antennas
	Number of RX antennas
	Propagation conditions and
correlation matrix (Annex B)
	Frequency offset
	SNR [dB]

	
	
	
	
	Burst format 0
	Burst format 1
	Burst format 2
	Burst format 3

	1
	2
	AWGN
	0
	-14.1
	-14.2
	-16.3
	-16.6

	
	
	ETU 70 Low
	270 Hz
	-7.4
	-7.3
	-9.3
	-9.5

	
	
	AWGN
	625 Hz
	-12.4
	-12.3
	-14.4
	-14.4

	
	
	AWGN
	1340 Hz
	-13.4
	-13.5
	-15.5
	-15.7

	
	4
	AWGN
	0
	-16.9
	-16.6
	-18.9
	-18.8

	
	
	ETU 70 Low
	270 Hz
	-11.8
	-11.4
	-13.7
	-13.7

	
	
	AWGN
	625 Hz
	-14.9
	-14.6
	-16.8
	-16.8

	
	
	AWGN
	1340 Hz
	-15.9
	-15.5
	-17.8
	-17.8



From Table 1, it can be easily seen that at the current condition for the RACH performance evaluation, only a multiple-path fading channel ETU70 with frequency offset as 270Hz and AWGN channel with frequency offset up to 1340Hz are specified. By referring to [7], with the presence of frequency shift, the Zadoff-Chu sequences used for generating RACH preambles will lose their zero auto-correlation property. Furthermore, if the frequency offset equals to the subcarrier frequency spacing of RACH preamble, the preamble peak completely disappears at the desired location. 
So we would like to propose to evaluate the necessity to introduce new propagation conditions for UL RACH performance evaluation:
Proposal 3: Due to the high frequency offset of RACH signal experienced by eNB for the non uplink-synchronized UE, a new propagation conditions for RACH performance evaluation needs to be investigated to include the frequency offset up to 1750Hz 
· whether the non-coherent combination of received RACH signals from different RRH is needed to enhance the RACN detection performance in the multi-path fading channel model corresponding to the SFN network with multiple RRHs deployed in one cell;
· whether AWGN channel with 1750Hz is necessary to extend the current performance requirement for RACH in the high speed scenario.

4. Conclusion
In this contribution, we discuss high speed train scenarios based on the scenarios agreed at last RAN4 meeting. The proposals are as follows:
Proposal 1: By following the principle given in [6], SFN channel model shall adopt formulas  to  to guarantee that the frequency shift can be kept as continuous around the handover point between two adjacent cells.

Proposal 2: We propose to adopt a simplified-static N-tap channel models, where N corresponds to the number of RRHs deployed in one cell, in which:
· only the frequency shift varies with time whereas tap delay and power are fixed with respect to a predefined position for demodulation performance evaluation.
Proposal 3: Due to the high frequency offset of RACH signal experienced by eNB for the non uplink-synchronized UE, a new propagation conditions for RACH performance evaluation needs to be investigated to include the frequency offset up to 1750Hz 
· whether the non-coherent combination of received RACH signals from different RRH is needed to enhance the RACN detection performance in the multi-path fading channel model corresponding to the SFN network with multiple RRHs deployed in one cell;
· whether AWGN channel with 1750Hz is necessary to introduced extend the current performance requirement for RACH in the high speed scenario.
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