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1   Background
In RAN4#90 meeting, channel model and related simulation assumptions for Rel-16 HST demod test were discussed and a WF was agreed [1]. In this contribution, we propose channel model and key simulation assumptions based on theoretical analysis and our preliminary simulation results.
2   Discussion
2.1   Maximum Doppler shift for bi-directional HST-SFN channel model

Based on discussions captured in [1], bi-directional HST-SFN is deployed in CMCC and NTT DOCOMO networks surrounding high speed train rails. As shown in the simulation results we presented in [2], with the LTE reference signal structure, UE can’t reliably decode either PDCCH or PDSCH with maximum Doppler shift beyond 1250Hz (500km/h speed and 2.7GHz carrier frequency). 

UE’s ability to decode in HST scenario is limited by two factors, FTL frequency shift tracking and CRS channel estimation. We first provide analysis for theoretical limit of FTL frequency shift tracking with correlator-type FTL assumption. Here we also assume zero delay spread to derive theoretical limit without considering the effect of frequency offset introduced by comb reference signal structure. With current CRS structure, minimum separation of reference symbols in time domain is 3/14ms. Therefore, the largest frequency shift the FTL can track without aliasing is
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In bi-directional model, when UE passes the midpoint between two RRHs, Doppler shift of the dominant path is changed by two times of the maximum Doppler shift in the channel model. Therefore, the theoretical limit on trackable maximum Doppler shift by FTL with LTE reference signal structure is 2330/2 = 1165Hz, when zero delay spread is assumed.

The simulation results shown in figure below supports the above theoretical analysis: for maximum Doppler shift > 1165, we observe significant throughput degradation. The simulation assumptions are based on TS36.101 8.2.9.1 demod test with maximum Doppler shift sweep by changing train speed. 
The MCS in this demod test is 17 (64QAM). We also can observe that when maximum Doppler (we simply call it Doppler in below discussion) gets closer to the theoretical limit, UE is not able to achieve 70% of maximum throughput even in high SNR. With Doppler = 1025Hz, UE can only achieve about 80% of maximum throughput, Doppler = 1075 UE barely achieves 70% throughput in high SNR. When Doppler goes beyond 1100, we can observe that even at SNR=40dB UE can’t achieve 70% throughput. The lower achievable throughput is due to larger Doppler spread experienced by UE when maximum Doppler shift increases, especially around the midpoint between two RRHs where two dominant paths are with similar path gain. For example, when maximum Doppler shift = 1025Hz, UE receives two paths with similar strength and Doppler spread = 2050Hz, which can significantly degrade CRS channel interpolation performance.
Observation 1. UE suffers from significant throughput degradation when maximum Doppler shift > 1165Hz with HST-SFN bi-directional model due to FTL tracking capability. UE throughput is lower than 70% of maximum throughput under high maximum Doppler shift (close to 1165Hz) with MCS17, 64QAM even in very high SNR, due to large Doppler spread between the two dominant paths.
[image: image2.emf]0 5 10 15 20 25 30 35 40

CINR

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

N

o

r

m

a

l

i

z

e

d

 

T

p

u

t

HST TM3 MCS17 64QAM

Doppler =875

Doppler =925

Doppler =975

Doppler =1025

Doppler =1075

Doppler =1125

Doppler =1225


Figure 2‑1 Simulation results for 36.101 8.2.9.1 test with Doppler sweep
2.2   MCS for high Doppler HST-SFN bi-directional channel model
Since UE is not able to achieve 70% maximum throughput for Doppler > 1100Hz with MCS 17 (64QAM with code rate = 0.39), we propose to lower MCS in the new high Doppler demod test if bi-directional model is to be adopted. In the below figure, we show the simulation results with MCS 12, which is 16QAM with code rate = 0.38, close to the code rate of MCS17). Now UE can achieve >80% maximum throughput even when Doppler is very close to theoretical limit of 1165Hz. Doppler 1150Hz is shown in the figure. Since the theoretical limit is 1165Hz, considering the implementation margin, we propose to have Doppler below 1100Hz and use MCS 12.
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Figure 2‑2 Simulation results for MCS 12, 16QAM

Observation 2. For bi-directional model with MCS 12, 70% of maximum throughput is achievable when maximum Doppler shift is close to theoretical limit.

Proposal 1. For bi-directional model, set maximum Doppler below 1100Hz and MCS 12 (16QAM).
2.3   HST-SFN uni-directional model

Uni-directional channel model is an option listed in [1]. We show our simulation results below. The system parameters follow the ones in TS36.101 8.2.9.1 test, with Ds=1000m and Dmin = 50m. The angle of main lobe is 5o, following [3]. UE under uni-directional channel has better performance across different train speeds (Doppler) compared to bi-directional channel model, as shown in Figure 2-3. Maximum throughput can be reached under uni-directional model when Doppler reaches 1250Hz. 
As explained in the previous sections, when maximum Doppler goes beyond 1165Hz in bi-directional model, FTL can’t successfully track frequency error. In uni-directional model, however, dominant paths received by UE are from the same direction (as shown in Figure 2-4, p0 and p1 are from RRHs behind train, and p2 is from the RRH in front of train), and change in frequency error is below theoretical limit, 2330Hz, when maximum Doppler is 1250Hz
The superior performance under uni-directional channel for maximum Doppler below 1250Hz is explained in the following. The degradation we observed in bi-directional channel in high Doppler is due to the Doppler spread between two dominant paths, as explained in Section 2.1. On the other hand, in uni-directional channel, the dominant paths are on the same direction, and the Doppler spread between two paths are small. Therefore, with uni-directional channel model, CRS channel estimation can accurately track the channel to reach better performance compared to bi-directional channel model.
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Figure 2‑3 Simulation results for unidirectional and bi-direction channel
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Figure 2‑4 Relative signal power of 3 paths under uni-directional channel model [3]
Observation 3. UE can reach maximum throughput when maximum Doppler reaches 1250Hz under uni-directional channel model.
Proposal 2. RAN4 to consider uni-directional channel model due to the observed performance enhancement and insensitivity to Doppler. 
2.4   Feasibility of DMRS based demod test

As we showed in [2], in HST-SFN scenario, DMRS based demod has much worse performance than CRS based demod due to reference signal pattern. Some companies argued in the last meeting that eNB can provide assistance data for Doppler estimation. Even if eNB can provide assistance for Doppler estimation, this information can’t make up for the performance gap between DMRS and CRS based demod, since frequency shift can be tracked by CRS pretty well even in DMRS based demod test, the real bottleneck is low DMRS channel estimation quality due to lack of front loaded reference signal. Moreover, as shown in TS36.101 B.3A, Doppler shift is changing when UE gets closer to and away from an RRH. How eNB can provide UE timely Doppler shift information itself is a challenge. Therefore, we propose to have CRS based demod test only for HST scenarios and not consider DMRS based demod test.
Proposal 3. Do not consider DMRS based demod test for HST scenarios.
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Figure 2‑5 Doppler shift varying when UE moves along the track
3   Conclusion
Observation 1. UE suffers from significant throughput degradation when maximum Doppler shift > 1165Hz with HST-SFN bi-directional model due to FTL tracking capability. UE throughput is lower than 70% of maximum throughput under high maximum Doppler shift (close to 1165Hz) with MCS17, 64QAM even in very high SNR, due to large Doppler spread between the two dominant paths.
Observation 2. For bi-directional model with MCS 12, 70% of maximum throughput is achievable when maximum Doppler shift is close to theoretical limit.

Observation 3. UE can reach maximum throughput when maximum Doppler reaches 1250Hz under uni-directional channel model.
Proposal 1. For bi-directional model, set maximum Doppler below 1100Hz and MCS 12 (16QAM).
Proposal 2. RAN4 to consider uni-directional channel model due to the observed performance enhancement and insensitivity to Doppler. 
Proposal 3. Do not consider DMRS based demod test for HST scenarios.
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