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1 Introduction
In RAN meeting #66, the study item on performance enhancement under high speed scenario was approved [1]. The objectives of the study are divided into two parts: 

· Part I Comprehensively enhancement under the existing high speed scenario: the requirements for UE RRM, UE demodulation and BS demodulation under the existing high speed scenario; 

· Part II Identify the new high speed scenarios: identify other new conditions to affect the system performance for E-UTRA under high speed environment and investigate BS demodulation, UE demodulation and UE RRM performance under the new scenarios.

In this contribution we would like to focus on the discussion of the UE performance evaluation for high speed train under the new scenarios.
2 New scenarios to be studied in SID

In the SID, we list the following practical scenarios for study:

· The practical deployment scenario for high speed train coverage should be taken into account for evaluation;

· Dedicated network (such as RRH deployments) is deployed in high speed railway

· Separate carriers are utilized for high speed scenario. One carrier with good coverage serves as PCell for mobility management. One carrier at high frequency may provide the good data transmission.

· Public network is deployed along the railways and repeaters are installed in carriages

· Dedicated network is deployed along the railways and repeaters are installed in carriages.
· Deployment where coverage inside tunnels is provided by one or more repeaters

In our view the first scenario and the forth scenario above are basically the same. The main difference between them is that with the repeater alike the inter-distance between two adjacent RRH could be enlarged by overcoming the severe penetration loss caused by metal wall of the car of the train. Similarly the third scenario is based on the existing high speed scenario and the utilization of repeater will allow the larger inter-distance of BS, which we think could be studied under Part I.

In the figure below, we provide the new scenarios that we think should be studied. In our views, the challenge for CA scenario would be related to the RRM requirements. After checking the previous study in UMTS and LTE, it seemed that the channel model has been specified for the tunnel scenario, e.g., the HST channel model in 36.104 with the small inter-distance between eNB. But the existing model would be quite simple and after combining with the SFN deployment the scenario would be more challenging for UE to achieve the good performance. So we would like to get more input from the operators. 
From our side, since SFN scenarios have been and will be widely used in the practical network, we would like to focus the study on the “SFN” scenario, where the multiple RRH will transmit the data to one UE and UE will observe the different paths with the separate Doppler shit values. Under such scenario, UE would face the big challenge for channel estimation and timing and frequency tracking.
Based on the analysis, we would like prioritize the SFN scenario and tunnel scenarios for the further evaluations.
· Proposal 1: Prioritize SFN scenario and tunnel scenario for UE demodulation performance evaluation.
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Figure 1: High speed train scenarios
3 Discussion on SFN scenarios
3.1 SFN scenario
Like MBSFN, multiple RRH-s will be connected to one BBU and share the same cell ID in SFN deployment scenario. Usually all the RRH-s within on Cell will transmit the same signal to the UE. Because the large inter-distance between the adjacent trains should be kept to avoid the collision, e.g., 6km cell inter-distance, there are at most two trains moving at the contrary directions within one cell. The advantage is to expand the coverage of one cell along the railway, improve the total power level of the received signals and significantly reduce the handover time.
3.2 Challenges for UE demodulation under SFN scenarios
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.

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.
If Figure 2, we provide the initial evaluation results by assuming one simple channel model, which is given in tour another contribution [2]. 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
[image: image4.png]350407

3.00E+07

250407

bps)

2.00E+07

1.50E+07

Throughput

1.00E+07

5.00E+06

0.00E+00

Downlink Throughput

2TR_SFN  Fd=0,200,615,842Hz

——1RRU

——2RRUs, Fd=200Hz
= 2RRUs, Fas15Hz

—+—2RRUs, Fd=842Hz





(b) Initial evaluation results
Figure 2: SFN scenario for high speed train network

Come back to the other challenging issue is the timing and frequency tracking. To evaluate the timing and frequency tracking performance, we need a dynamic channel model with Doppler shift, delay, relative power changing with time. In order to achieve such model, more work would be needed. And firstly we need operator’s input on the parameters for SFN scenarios such as the inter-distance, the number of RRHs connecting to the same BBU and so on.
· Proposal 2: We propose to evaluate the demodulation performance under the two-tap static channel with equal power, zero time delay between two taps and with ± fDmax respectively.
· Proposal 3: We propose to have evaluation for timing and frequency tracking performance under SFN scenario, and before that we should also study how to build a dynamic channel model for it.
3.3 Proposed evaluation assumptions under static channel model
The following are our proposals for evaluation:
· Propagation model: the equation is given below 
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· Channel matrix and antenna configuration: 
· Static channel as defined in B.1 of 36.101
· 2x2

· MCS: 

· Option 1: link adaptation (AMC)
· Option 2: FRC QPSK 1/3, 16QAM 1/2, 64QAM 3/4
· Maximum Doppler shift: 

·  fDmax=70Hz, 300Hz, 600Hz, 850Hz
· Transmission modes for evaluatio
·  TM2, TM3
4 Conclusions

In this paper, we provide our analysis on the UE performance evaluation under the new scenarios. We have the following proposals:
· Proposal 1: Prioritize SFN scenario and tunnel scenario for UE demodulation performance evaluation.
· Proposal 2: We propose to evaluate the demodulation performance under the two-tap static channel with equal power, zero time delay between two taps and with ± fDmax respectively.

· Proposal 3: We propose to have evaluation for timing and frequency tracking performance under SFN scenario, and before that we should also study how to build a dynamic channel model for it.
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