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1	Introduction
During the RAN4#92 meeting, contributions on LTE HST PUSCH performance under open space and tunnel scenarios for various Doppler shifts were submitted and discussed [1]-[4]. However, no agreement was reached because the contributed simulation results were different from one another. Consequently, the way forward on LTE BS demodulation performance requirements [5] was approved for further simulation work to be carried out.     

This document provides an analysis in view of finding the root cause of the difference in the contributed PUSCH simulation results. In conclusion, we present our views and proposals based on the analysis in an attempt to make progress.  
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From [5], the agreed simulation assumptions and HST deployment scenarios for evaluation of the PUSCH performance for HST are provided in Tables 1 and 2, respectively. 
Table 1: Simulation assumptions [5]
	Parameter
	Unit
	Value

	Bandwidth
	MHz
	10

	MCS for PUSCH
	
	QPSK 1/3

	Propagation condition and correlation matrix
	
	HST scenarios, see Table 2

	Antenna configuration
	
	1x2

	Reference receiver 
	
	MRC

	Noise estimation 
	
	Practical

	Time and frequency track
	
	Practical



Table 2: HST deployment scenarios [5]
	Parameter
	Value

	
	Open space
	Tunnel

	 
	1000 m
	300 m

	 
	50 m
	2 m

	 
	500 km/h
	500 km/h

	 
	1944 Hz, 1894 Hz, 1844 Hz, 1794 Hz, 1744 Hz, 1694 Hz



Note that the simulation assumptions and HST deployment parameters are similar to the previous way forward [6] approved at the RAN4#91 meeting. 
Using the DM-RS symbols of PUSCH for channel estimation, the absolute maximum Doppler shift which can be tracked is 1 kHz. It is worth noting that all the Doppler shift values shown in Table 2 are above this absolute theoretical limit. Such a high Doppler shift value will cause performance degradation in PUSCH which was reported in [7]. However, BS demodulation performance can be improved by using Doppler compensation algorithms. Two cases are considered and analyzed below.  

Case 1: Full Doppler compensation
In this case, the Doppler shift compensation algorithm perfectly estimate and compensate for each of the Doppler shift values. The simulation results are depicted in Figure 1. 
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Figure 1: Simulation results in the case of full Doppler compensation
As can be observed, a similar performance is obtained for both the open space and tunnel scenarios and there is no performance difference for each of the Doppler shift values. 70% and 30% of maximum throughput are achieved at SNR  -4 dB and SNR  -9 dB, respectively, which are aligned with the simulation results reported in [1] and [2]. On the other hand, the simulation results reported in [3] show that SNR values greater than -4 dB are needed to achieve 70% of maximum throughput for the open space and tunnel scenarios for Doppler shift  = 1944 Hz and, for Doppler shift  = 1694 Hz, SNR values less than -4 dB are sufficient to achieve 70% of maximum throughput. In [4], simulation results for the case with a perfect Doppler compensation algorithm and without compensation were shown. For the perfect Doppler compensation case, a similar performance as shown in Figure 1 is obtained and, in the case of no compensation, the simulation results clearly show that there is a performance difference between the open space and tunnel scenarios for each Doppler shift value. 
Case 2: Partial Doppler compensation
Unlike Case 1, the Doppler shift compensation algorithm can only partially compensate for each of the Doppler shifts in this case. Thus, the remaining uncompensated Doppler shift will affect channel estimation accuracy. The simulation results are depicted in Figure 2. 
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Figure 2: Simulation results in the case of partial Doppler compensation  
As shown in Figure 2, the performance of the tunnel scenario is worse than the open space scenario, in particular, at high Doppler shifts. For the open space scenario, 70% of maximum throughput is achievable for each of the Doppler shifts at SNR ≤ 1 dB. For Doppler shift  = 1694 Hz, the performance is similar to the full compensation case for both the open space and tunnel scenarios.  
Based on the above analysis for two cases, the choice of a Doppler shift compensation algorithm has an impact on PUSCH performance.      
Observation 1: The choice of a Doppler compensation algorithm has an impact on PUSCH performance. 
[bookmark: _Hlk18666813]Observation 2: It is questionable whether the full Doppler compensation algorithm which gives the same performance for the open space and tunnel scenarios for the considered Doppler shift values is a realistic assumption; the performance is predictable, and the same performance could be achievable even for Doppler shifts greater than 1944 Hz.
Generally, a Doppler shift compensation algorithm is implementation dependent and may vary from one implementation to another. Consequently, it is difficult to assume on which algorithm should be adopted in the simulation for specifying PUSCH performance requirements. Furthermore, making an assumption on the choice of Doppler shift compensation algorithm will restrict implementation.  
Observation 3: Making an assumption on the choice of Doppler compensation algorithm will restrict implementation. Thus, simulations should not make any assumptions about Doppler compensation capability. 
Based on the above observations, no assumption should be made regarding the capability of Doppler compensation algorithm. To improve BS demodulation performance for HST, we propose to consider the DM-RS of PUCCH in the simulation, which has higher density than PUSCH. From TS 36.211 in subsection 5.5.2.2, the number of PUCCH DM-RS symbols per slot is shown in Table 3. 
Table 3: Number of PUCCH demodulation reference symbols per slot [image: ](TS 36.211)
	PUCCH format
	Normal cyclic prefix
	Extended cyclic prefix

	1, 1a, 1b
	3
	2

	2, 3
	2
	1

	2a, 2b
	2
	N/A



Even though PUCCH Format 1/1a/1b has higher DM-RS density than PUCCH Format 2/2a/2b/3, they are not suitable because the orthogonal property of spreading sequences used to support UE multiplexing is lost under high Doppler shift effects. As such, PUCCH Format 2/2a/2b/3 is considered and the corresponding absolute theoretical maximum Doppler shift is 1750 Hz.
Proposal 1: Simulation evaluation of PUSCH performance can assume the DM-RS structure of PUCCH Format 2/2a/2b/3. 
 Simulation results based on the above proposal can be found in [8]. 
3	Conclusions
This document provides an analysis in view of finding the root cause of the difference in the PUSCH simulation results contributed to the last RAN4 meeting. Two cases have been analysed and consequently, the following observations and proposal can be made:

Observation 1: The choice of a Doppler compensation algorithm has an impact on PUSCH performance. 
Observation 2: It is questionable whether the full Doppler compensation algorithm which gives the same performance for the open space and tunnel scenarios for the considered Doppler shift values is a realistic assumption; the performance is predictable, and the same performance could be achievable for Doppler shifts greater than 1944 Hz.

Observation 3: Making an assumption on the choice of Doppler compensation algorithm will restrict implementation. Thus, simulations should not make any assumptions about Doppler compensation capability. 
Proposal 1: Simulation evaluation of PUSCH performance can assume the DM-RS structure of PUCCH Format 2/2a/2b/3.

Simulation results based on the above proposal can be found in [8].
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HST Open Space and Tunnel Scenarios: QPSK 1/3, Bi-directional, 500 km/h (full compensation)

  for all considered Doppler shifts
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