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1	Introduction
During the RAN4#92bis meeting [1], a way forward on BS demodulation requirement for Rel-16 LTE HST [1] was approved, which captured agreements. Referring to the agreements, companies are encouraged to provide PUSCH simulation results for Doppler shift  = 1944 Hz and additionally  = 1750 Hz under different channel bandwidths, antenna configurations and scenarios.    

In this document, PUSCH simulation results for  = 1944 Hz and  = 1750 Hz are provided. Based on the simulation results, we present our views.   
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From [1], the following is agreed:
· PUCCH format
· Format 2 (BS may use PUCCH format 2 for Doppler tracking
· Maximum Doppler shift
· 1944 Hz
· If 70%ile of the max. throughput is not achievable with 1944Hz:
· Option 1: fallback to 1750Hz, or
· Option 2: accept %ile of max. throughput lower than 70%ile with 1944Hz
· MCS
· QPSK 1/3 (MCS6)
· Antenna configuration
· 1x1 for tunnel and 1x2 for open space
· CBW
· 1.4/3/5/10/15/20 MHz
· Test metric
· Both 30% and 70% of the maximum throughput
· Companies are encouraged to provide the simulation result with Doppler=1944Hz in RAN4#93. Companies may also provide the simulation results with Doppler=1750Hz.

	Parameter
	Value

	
	Open space 
	Tunnel for multi-antennas

	
	Bi-directional
	Bi-directional

	 
	1000 m
	300 m

	 
	50 m
	2 m

	 
	500 km/h
	500 km/h

	 
	1944 Hz
If 70%ile of the max. throughput is not achievable with 1944Hz:
Case 1: fallback to 1750Hz, or 
Case 2: accept %ile of max. throughput lower than 70%ile with 1944Hz    



	Parameter
	Value

	
	Scenario 1 (open space)
	Scenario 3 (tunnel)

	CBW
	1.4/3/5/10/15/20 MHz
	1.4/3/5/10/15/20 MHz

	CP
	Normal 
	Normal

	FRC
	A.3-2 to A.3-7 (QPSK 1/3)
	A.3-2 to A.3-7 (QPSK 1/3)

	Antenna configuration
	1Tx2Rx
	1Tx1Rx

	Reference receiver 
	MRC
	MRC

	Noise estimation 
	Practical
	Practical

	Time and frequency track
	Practical
	Practical

	Test metric
	[70%ile] of the max. throughput
30%ile of the max. throughput
	[70%ile] of the max. throughput
30%ile of the max. throughput

	NOTE: The configuration of PUCCH (format 2) is optional



In the PUSCH simulation, the DM-RS structure of PUCCH Format 2/2a/2b/3 is used for Doppler shift tracking. As such, the theoretical limit for which the Doppler shift can be accurately estimated is 1750 Hz instead of 1 kHz as in the case of PUSCH.  
Figure 1 shows the simulation results for PUSCH using the DM-RS structure of PUCCH Format 2/2a/2b/3 (DM-RS). The simulation results are in line with the theoretical limit of the Doppler shift that can be accurately estimated. As can be observed in Figure 1, the plot for Doppler shift  = 1750 Hz achieves 70% of the maximum throughput but not for  = 1944 Hz for all channel bandwidths, and the open space and tunnel scenarios despite at very high SNR (i.e., 20 dB). 
Observation 1: PUSCH simulation results (using PUCCH Format 2/2a/2b/3 DM-RS) show that 70% of maximum throughput is not achievable when Doppler shift  = 1944 Hz for all channel bandwidths, and the open space and tunnel scenarios despite at very high SNR (i.e., 20 dB).    
To support Doppler shift  = 1944 Hz, one possible solution is to implement a Doppler shift compensation algorithm. As discussed in [2], 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 2: PUSCH performance requirements should be specified based on the capability of the physical layer rather than on an implementation dependent Doppler shift compensation algorithm which is not defined in any 3GPP working groups. 
As specifying such a Doppler compensation algorithm is not defined in any 3GPP working groups and taking into consideration the above observations, the following is proposed:  
Proposal 1: Option 1: Consider adopting Doppler shift  Hz for specifying PUSCH performance requirements for both open space and tunnel scenarios; or
Option 2: If Doppler shift  Hz is adopted, consider [55%] and [40%] of maximum throughput for the open and tunnel scenarios, respectively.  
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Figure 1: Simulation results for PUSCH + PUCCH (Format 2/HST open space and tunnel scenarios,  = 1750 Hz and 1944 Hz, bi-directional channel model, QPSK 1/3 at 500 km/h    

3	Conclusions
PUSCH simulation results for the HST open space and tunnel scenarios at Doppler shifts equals to 1944 Hz and 1750 Hz have been presented. As a result, the following observation and proposal can be made:

Observation 1: PUSCH simulation results (using PUCCH Format 2/2a/2b/3 DM-RS) show that 70% of maximum throughput is not achievable when Doppler shift  = 1944 Hz for all channel bandwidths, and the open space and tunnel scenarios despite at very high SNR (i.e., 20 dB).

Observation 2: PUSCH performance requirements should be specified based on the capability of the physical layer rather than on an implementation dependent Doppler shift compensation algorithm which is not defined in RAN4.

Proposal 1: Option 1: Consider adopting Doppler shift  Hz for specifying PUSCH performance requirements for both open space and tunnel scenarios; or
Option 2: If Doppler shift  Hz is adopted, consider [55%] and [40%] of maximum throughput for the open and tunnel scenarios, respectively.  
Option 1 is preferred. 
References
[1] R4-1912777, Way forward on LTE BS demodulation performance requirements, NTT DoCoMo
[2] R4-1912478, On PUSCH simulation results for Rel-16 LTE HST, Nokia, Nokia Shanghai Bell
[3] R4-1912479, BS demodulation simulation results of PUSCH for Rel-16 LTE HST, Nokia, Nokia Shanghai Bell
image3.emf
-5 0 5 10 15 20

SNR [dB]

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

h

r

o

u

g

h

p

u

t

HST Open Space: 3 MHz, QPSK 1/3, Bi-directional, 500 km/h

fd = 1750 Hz

fd = 1944 Hz
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HST Tunnel: 3 MHz, QPSK 1/3, Bi-directional, 500 km/h

fd = 1750 Hz

fd = 1944 Hz
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HST Open Space: 5 MHz, QPSK 1/3, Bi-directional, 500 km/h

fd = 1750 Hz

fd = 1944 Hz
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HST Tunnel: 5 MHz, Qpsk 1/3, Bi-directional, 500 km/h

fd = 1750 Hz

fd = 1944 Hz
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HST Open Space: 10 MHz, QPSK 1/3, Bi-directional, 500 km/h

fd = 1750 Hz

fd = 1944 Hz
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HST Tunnel: 10 MHz, QPSK 1/3, Bi-directional, 500 km/h

fd = 1750 Hz

fd = 1944 Hz


image9.emf
-5 0 5 10 15 20

SNR [dB]

0

0.2

0.4

0.6

0.8

1

N

o

r

m

a

l

i

z

e

d

 

T

h

r

o

u

g

h

p

u

t

HST Open Space: 15 MHz, QPSK 1/3, Bi-directional, 500 km/h

fd = 1750 Hz

fd = 1944 Hz
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HST Tunnel: 15 MHz, QPSK 1/3, Bi-directional, 500 km/h

fd = 1750 Hz

fd = 1944 Hz
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HST Open Space: 20 MHz, QPSK 1/3, Bi-directional, 500 km/h

fd = 1750 Hz

fd = 1944 Hz
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HST Tunnel: 20 MHz, QPSK 1/3, Bi-directional, 500 km/h

fd = 1750 Hz

fd = 1944 Hz
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HST Open Space: 1.4 MHz, QPSK 1/3, bi-directional, 500 km/h

fd = 1750 Hz

fd = 1944 Hz


image2.emf
-5 0 5 10 15 20

SNR [dB]

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

h

r

o

u

g

h

p

u

t

HST Tunnel: 1.4 MHz, QPSK 1/3, Bi-directional, 500 km/h

fd = 1750 Hz

fd = 1944 Hz


