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1   Background
Companies are agreed to bring HST UE demod simulation and impairment results in RAN#92 meeting [1]. In this contribution, we provide our simulation and impairment results. 

2   Simulation results
2.1   TM3 HST-SFN Bi-directional channel in 500km/h simulation and impairment results

FDD

The figure below shows the result of TM3 FDD HST-SFN Bi-directional channel with 2Rx and 4Rx, 70% Max throughput achieved at SNR 7.1dB, 4.5dB, respectively. Maximum Doppler is 972Hz and MCS is 13, as agreed in RAN4#91.
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Figure 2‑1 FDD results

Observation 1: In FDD maximum Doppler 972Hz and MCS 13, HST-SFN Bi-directional channel with 2Rx and 4Rx, 70% Max throughput achieved at SNR 7.1dB, 4.5dB, respectively.

With implementation impairment, 70% throughput for 2 and 4Rx are achieved at 9dB and 6.5dB, respectively.
Observation 2: With implementation impairment, 70% throughput for 2 and 4Rx are achieved at 9dB and 6.5dB, respectively.
TDD
The figure below shows the result of TM3 TDD HST-SFN Bi-directional channel with 2Rx and 4Rx, 70% Max throughput achieved at SNR 7.0dB, 4.4dB, respectively. Maximum Doppler is 972Hz and MCS is 13, as agreed in RAN4#91.
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Figure 2‑2 TDD results

Observation 3: In TDD maximum Doppler 972Hz and MCS 13, HST-SFN Bi-directional channel with 2Rx and 4Rx, 70% Max throughput achieved at SNR 7.0dB, 4.4dB, respectively.

With implementation impairment, 70% throughput for 2 and 4Rx are achieved at 9dB and 6.4dB, respectively.
Observation 4: With implementation impairment, 70% throughput for 2 and 4Rx are achieved at 9dB and 6.4dB, respectively.
2.2   TM3 HST-SFN Bi-directional channel in 350km/h CA simulation assumption and impairment results
In RAN4#91 meeting, it is agreed to introduce CA requirement for HST-SFN UE demod tests defined in Rel-14. The FRCs for FDD and TDD for different bandwidths are listed in below tables:

	Parameter
	Unit
	Values

	Reference channel
	
	
	
	
	

	Channel bandwidth
	MHz
	5
	10
	15
	20

	Allocated resource blocks 
	
	25
	50
	75
	100

	Allocated number of PDCCH symbols
	
	2
	2
	2
	2

	Allocated subframes per Radio subframes 
	
	8
	8
	8
	8

	Modulation
	
	64QAM
	64QAM
	64QAM
	64QAM

	Target Coding Rate
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	
	0.39
	0.39
	0.39
	0.6

	  For Sub-Frames 5
	
	N/A
	N/A
	N/A
	N/A

	  For Sub-Frames 0
	
	N/A
	N/A
	N/A
	0.65

	Information Bit Payload 
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	15472
	30528
	45840
	61152

	For Sub-Frames 5
	Bits
	N/A
	N/A
	N/A
	N/A

	For Sub-Frames 0
	
	N/A
	N/A
	N/A
	N/A

	Number of Code Blocks(Notes 3)
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	
	4
	6
	8
	10

	For Sub-Frames 5
	
	N/A
	N/A
	N/A
	N/A

	For Sub-Frames 0
	
	N/A
	N/A
	N/A
	N/A

	Binary Channel Bits  
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9 
	Bits
	39600
	79200
	118800
	158400

	  For Sub-Frames 5
	
	N/A
	N/A
	N/A
	N/A

	  For Sub-Frames 0
	
	N/A
	N/A
	N/A
	N/A

	Max. Throughput averaged over 1 frame 
	Mbps
	12.378
	24.422
	36.672
	48.922

	UE Category
	
	≥ 1
	≥ 1
	1bis
	≥ 1

	UE DL Category
	
	≥6
	≥6
	N/A
	≥6

	
	Note 1:
Void

Note 2:
Void
Note 3:
If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit)


Table 2‑1 FDD FRC
	Parameter
	Unit
	Values

	Reference channel
	
	
	
	
	

	Channel bandwidth
	MHz
	5
	10
	15
	20

	Allocated resource blocks 
	
	25
	50
	75
	100

	Uplink-Downlink Configuration (Note 2)
	
	1
	1
	1
	1

	Allocated number of PDCCH symbols
	
	2
	2
	2
	2

	Allocated subframes per Radio Frame (D+S)
	
	2+2
	2+2
	2+2
	2+2

	Modulation
	
	64QAM
	64QAM
	64QAM
	64QAM

	Target Coding Rate
	
	
	
	
	

	  For Sub-Frames 4,9
	
	0.39
	0.39
	0.39
	0.39

	  For Sub-Frames 1,6
	
	0.35
	0.36
	0.36
	0.36

	For Sub-Frames 0
	
	N/A
	N/A
	N/A
	N/A

	For Sub-Frames 5
	
	N/A
	N/A
	N/A
	N/A

	Information Bit Payload 
	
	
	
	
	

	  For Sub-Frames 4,9
	Bits
	15472
	30528
	45840
	61152

	For Sub-Frames 1,6
	Bits
	11088
	11448
	33984
	45840

	For Sub-Frames 0
	Bits
	N/A
	N/A
	N/A
	N/A

	For Sub-Frames 5
	
	N/A
	N/A
	N/A
	N/A

	Number of Code Blocks(Notes 3 )
	
	
	
	
	

	  For Sub-Frames 4,9
	
	4
	6
	8
	10

	For Sub-Frames 1,6
	
	2
	4
	6
	8

	For Sub-Frames 0
	
	N/A
	N/A
	N/A
	N/A

	For Sub-Frames 5
	
	N/A
	N/A
	N/A
	N/A

	Binary Channel Bits  
	
	
	
	
	

	  For Sub-Frames 4,9
	Bits
	39600
	39600
	118800
	158400

	For Sub-Frames 1,6
	
	31536
	31968
	96336
	128736

	For Sub-Frames 0
	
	N/A
	N/A
	N/A
	N/A

	For Sub-Frames 5
	
	N/A
	N/A
	N/A
	N/A

	Max. Throughput averaged over 1 frame 
	Mbps
	5.312
	10.684
	15.965
	21.398

	UE Category
	
	≥ 1
	≥ 1
	≥ 1
	≥ 2

	
	Note 1:
Void
Note 2:
As per Table 4.2-2 in TS 36.211 [4].
Note 3:
If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit)


Table 2‑2 TDD FRC
Below is a table summarizing SNR points of different BWs achieving 70% maximum throughput in HST-SFN UE demod tests defined in Rel-14.

	BW
	SNR points achieving 70% tput (dB) [FDD]
	SNR points achieving 70% tput (dB) [TDD]

	
	Simulation
	Impairment
	Simulation
	Impairment

	5MHz
	11.7
	13.5
	10.7
	12.5

	10MHz
	11.3

	13.7
	10.5
	12.5

	15MHz
	11.9
	13.9
	10.5
	12.5

	20MHz
	11.9
	13.9
	10.6
	12.6


Table 2‑3 Simulation results for different BWs in Rel-14 HST-SFN test
Observation 5: Simulation and impariment results of SNR points of different BWs achieving 70% maximum throughput in HST-SFN UE demod tests defined in Rel-14 is summarized in Table 2‑3.

2.3   Single-tap HST simulation and impairment results

Simulation results for single-tap HST channel are shown in the below figure. We can observe that 70% maximum throughput is achieved at SNR 8.7dB for both maximum Doppler shift 972Hz and 1250Hz. Since this channel is flat, increase maximum Doppler shift doesn’t have too much impact on performance, the results are similar to tests under AWGN channel. We use FRC and simulation settings from Rel-14 HST-SFN channel but replacing HST-SFN model by single tap model as explained above.

Observation 4: 70% maximum throughput can be achieved at SNR 8.7dB in Rel-14 HST demod test with channel model replaced by HST single tap with maximum Doppler shift 972Hz and 1250Hz.
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Figure 2‑3 Simulation results for single tap channel
With implementation impairment, 70% throughput Doppler 972Hz test is achieved at 10.5dB.
Observation 4: With implementation impairment, 70% throughput Doppler 972Hz test is achieved at 10.5dB.
Proposal 1: Single-tap HST demod test 70% throughput SNR point should be set at 10.5dB
2.4   Summary of simulation and impairment results for the HST-SFN demod tests 
Simulation results discussed in section 2.1-2.2 are summarized in below tables.
	Number of Rx
	SNR points achieving 70% tput (dB) [FDD]
	SNR points achieving 70% tput (dB) [TDD]

	
	Simulation
	Impairment
	Simulation
	Impairment

	2
	7.1
	9
	7.0
	9

	4
	4.5
	6.5
	4.4
	6.4


Table 2‑4 Simulation results for 500km/h HST scenario
	BW
	SNR points achieving 70% tput (dB) [FDD]
	SNR points achieving 70% tput (dB) [TDD]

	
	Simulation
	Impairment
	Simulation
	Impairment

	5MHz
	11.7
	13.5
	10.7
	12.5

	10MHz
	11.3

	13.7
	10.5
	12.5

	15MHz
	11.9
	13.9
	10.5
	12.5

	20MHz
	11.9
	13.9
	10.6
	12.6


Table 2‑5 Simulation results for 350km/h HST scenario with different BWs
Proposal 2: Rel-16 HST-SFN UE demod test requirements should be set according to the simulation results summarized in Table 2‑4 and Table 2‑5.

3   Conclusion
Proposal 1: Single-tap HST demod test 70% throughput SNR point should be set at 10.5dB
Proposal 2: Rel-16 HST-SFN UE demod test requirements should be set according to the simulation results summarized in Table 2‑4 and Table 2‑5.
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