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1	Introduction
During the RAN4#93 meeting, a CR to TS 36.104 capturing PUSCH performance requirements for Rel-16 HST with Doppler frequencies of 1944 Hz and 1750 Hz [1] was agreed. However, the SNR entries are mainly TBD or in “[]”, which is due to the large difference in the simulation results provided by different companies [2].
   
This document examines the simulation results [2] and proposes different options to align the simulation results to finalize the SNR value for the different scenarios.      
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From [1], the PUSCH performance requirements for Scenario 1-LTE500a/b and Scenario 3-LTE500a/b are shown in Table 1. 
For Scenario 1-LTE500a/Scenario 3-LTE500a and Scenario 1-LTE500b/Scenario 3 LTE500b, the Doppler frequency is 1944 Hz and 1750 Hz, respectively. As these Doppler frequencies are greater than what it can be tracked by DM-RS of PUSCH, various Doppler compensation algorithms are used. As such, there is no common Doppler compensation algorithm used in the simulation assumptions. This clearly has resulted in differences of the simulation results, which is already pointed in [3].  
Observation 1: The choice of a Doppler compensation algorithm has an impact on PUSCH performance. 
It is also observed in [2] that the average SNR values with impairment for Scenario 1-LTE500b and Scenario 3-LTE500b are less than the corresponding SNR for Scenarios 1 and 3 even though the Doppler frequency is higher than for Scenarios 1 and 3. A similar observation can also be made for Scenario 1-LTE500a and Scenario 3-LTE500a.
Observation 2: The SNR values for Scenario 1-LTE500b and Scenario 3-LTE500b are less than the corresponding SNR for Scenarios 1 and 3, respectively, which seems to be odd. A similar observation is made for Scenario 1-LTE500a and Scenario 3-LTE500a.    
To finalize the PUSCH requirements for Scenario 1-LTE500a/b and Scenario 3-LTE500a/b, one option is to carry out simulations producing a new set of results. However, this is unlikely might overcome the issue as there is no common Doppler compensation algorithm used in the simulation. 
Another option is to use the SNR values of Scenario 1 and Scenario 3 as a baseline for computing the final SNR based on the different simulation results. Those SNR values for Scenario 1-LTE500b and Scenario 3-LTE500b that are smaller than the corresponding SNR for Scenarios 1 and 3, respectively, should be excluded. 
Proposal 1: SNR values for Scenario 1-LTE500b and Scenario 3-LTE500b that are smaller than the corresponding SNR for Scenario 1 and 3, respectively, should be excluded.   
The same approach can be applied to Scenario 1 LTE500a and Scenario 3-LTE500a in which Scenario 1-LTE500b and Scenario 3-LTE500b are used as a baseline. 



Table 1: Minimum requirements of PUSCH for high speed train (from [1])
	Channel Bandwidth [MHz]
	Cyclic prefix
	FRC
(Annex A)
	Number of TX antennas
	Number of RX antennas
	Propagation conditions and correlation matrix (Annex B)
	Fraction of maximum throughput
	SNR
[dB]

	1.4
	Normal
	A3-2
	1
	1
	HST Scenario 3
	30%
	-1.5

	
	
	
	
	
	
	70%
	1.9

	
	
	
	
	
	HST Scenario 3-LTE500a (NOTE 1)
	30%
	TBD

	
	
	
	
	
	
	70%
	TBD

	
	
	
	
	
	HST Scenario 3-LTE500b (NOTE 2)
	30%
	TBD

	
	
	
	
	
	
	70%
	TBD

	
	
	
	
	2
	HST Scenario 1 Low
	30%
	-3.9

	
	
	
	
	
	
	70%
	-0.6

	
	
	
	
	
	HST Scenario 1-LTE500a Low (NOTE 1)
	30%
	TBD

	
	
	
	
	
	
	70%
	TBD

	
	
	
	
	
	HST Scenario 1-LTE500b Low (NOTE 2)
	30%
	TBD

	
	
	
	
	
	
	70%
	TBD

	3
	Normal
	A3-3
	
	1
	HST Scenario 3
	30%
	-2.1

	
	
	
	
	
	
	70%
	1.6

	
	
	
	
	
	HST Scenario 3-LTE500a (NOTE 1)
	30%
	TBD

	
	
	
	
	
	
	70%
	[1.8]

	
	
	
	
	
	HST Scenario 3-LTE500b (NOTE 2)
	30%
	[-2.9]

	
	
	
	
	
	
	70%
	[1.7]

	
	
	
	
	2
	HST Scenario 1 Low
	30%
	-4.5

	
	
	
	
	
	
	70%
	-1.0

	
	
	
	
	
	HST Scenario 1-LTE500a Low (NOTE 1)
	30%
	TBD

	
	
	
	
	
	
	70%
	[-1.2]

	
	
	
	
	
	HST Scenario 1-LTE500b Low (NOTE 2)
	30%
	TBD

	
	
	
	
	
	
	70%
	[-1.0]

	5
	Normal
	A3-4
	
	1
	HST Scenario 3
	30%
	-2.6

	
	
	
	
	
	
	70%
	1.3

	
	
	
	
	
	HST Scenario 3-LTE500a (NOTE 1)
	30%
	TBD

	
	
	
	
	
	
	70%
	[0.5]

	
	
	
	
	
	HST Scenario 3-LTE500b (NOTE 2)
	30%
	[-3.7]

	
	
	
	
	
	
	70%
	[0.8]

	
	
	
	
	2
	HST Scenario 1 Low
	30%
	-5.1

	
	
	
	
	
	
	70%
	-1.4

	
	
	
	
	
	HST Scenario 1-LTE500a Low (NOTE 1)
	30%
	TBD

	
	
	
	
	
	
	70%
	[-2.0]

	
	
	
	
	
	HST Scenario 1-LTE500b Low (NOTE 2)
	30%
	TBD

	
	
	
	
	
	
	70%
	TBD

	10
	Normal
	A3-5
	
	1
	HST Scenario 3
	30%
	-2.7

	
	
	
	
	
	
	70%
	1.2

	
	
	
	
	
	HST Scenario 3-LTE500a (NOTE 1)
	30%
	[-3.0]

	
	
	
	
	
	
	70%
	[1.7]

	
	
	
	
	
	HST Scenario 3-LTE500b (NOTE 2)
	30%
	[-3.0]

	
	
	
	
	
	
	70%
	[1.7]

	
	
	
	
	2
	HST Scenario 1 Low
	30%
	-5.4

	
	
	
	
	
	
	70%
	-1.5

	
	
	
	
	
	HST Scenario 1-LTE500a Low (NOTE 1)
	30%
	TBD

	
	
	
	
	
	
	70%
	[-1.4]

	
	
	
	
	
	HST Scenario 1-LTE500b Low (NOTE 2)
	30%
	TBD

	
	
	
	
	
	
	70%
	[-1.0]

	15
	Normal
	A3-6
	
	1
	HST Scenario 3
	30%
	-2.7

	
	
	
	
	
	
	70%
	1.2

	
	
	
	
	
	HST Scenario 3-LTE500a (NOTE 1)
	30%
	[-3.4]

	
	
	
	
	
	
	70%
	[1.2]

	
	
	
	
	
	HST Scenario 3-LTE500b (NOTE 2)
	30%
	[-3.8]

	
	
	
	
	
	
	70%
	[1.2]

	
	
	
	
	2
	HST Scenario 1 Low
	30%
	-5.2

	
	
	
	
	
	
	70%
	-1.4

	
	
	
	
	
	HST Scenario 1-LTE500a Low (NOTE 1)
	30%
	TBD

	
	
	
	
	
	
	70%
	[-2.0]

	
	
	
	
	
	HST Scenario 1-LTE500b Low (NOTE 2)
	30%
	TBD

	
	
	
	
	
	
	70%
	TBD

	20
	Normal
	A3-7
	
	1
	HST Scenario 3
	30%
	-2.7

	
	
	
	
	
	
	70%
	1.2

	
	
	
	
	
	HST Scenario 3-LTE500a (NOTE 1)
	30%
	[-3.0]

	
	
	
	
	
	
	70%
	[1.8]

	
	
	
	
	
	HST Scenario 3-LTE500b (NOTE 2)
	30%
	[-3.1]

	
	
	
	
	
	
	70%
	[2.0]

	
	
	
	
	2
	HST Scenario 1 Low
	30%
	-5.3

	
	
	
	
	
	
	70%
	-1.4

	
	
	
	
	
	HST Scenario 1-LTE500a Low (NOTE 1)
	30%
	TBD

	
	
	
	
	
	
	70%
	[-1.3]

	
	
	
	
	
	HST Scenario 1-LTE500b Low (NOTE 2)
	30%
	TBD

	
	
	
	
	
	
	70%
	[-1.0]

	NOTE 1:	Not applicable if the BS manufacturer declares supported maximum Doppler frequency is 1750 Hz
NOTE 2:	Not applicable if the BS manufacturer declares supported maximum Doppler frequency is 1944 Hz
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3	Conclusions
This document has investigated the simulation results for PUSCH for Rel-16 LTE HST provided by different companies in an attempt to align the simulation results and finalize the SNR requirement for Scenario 1-LTE500a/b and Scenario 3-LTE500a/b. Based on our investigation, the following observations can be made:

Observation 1: The choice of a Doppler compensation algorithm has an impact on PUSCH performance. 
Observation 2: The SNR values for Scenario 1-LTE500b and Scenario 3-LTE500b are less than the corresponding SNR for Scenarios 1 and 3, respectively, which seems to be odd. A similar observation is made for Scenario 1-LTE500a and Scenario 3-LTE500a.    

From the observations, we propose the following:

Proposal 1: SNR values for Scenario 1-LTE500b and Scenario 3-LTE500b that are smaller than the corresponding SNR for Scenario 1 and 3, respectively, should be excluded.   
The same approach can be applied to Scenario 1 LTE500a and Scenario 3-LTE500a in which Scenario 1-LTE500b and Scenario 3-LTE500b are used as a baseline. 
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