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Introduction
This a resubmission of the simulation results delivered for Rel-15 HST feasibility evaluation [1]. Some additions to the previous version are marked in green.
In the RAN4#90bis meeting, a WF [2] was agreed that outlined a possible set of performance requirement test cases for high speed train (HST) scenarios in Rel-15. In this contribution we show all our evaluation results for both PUSCH and PRACH in HST scenarios as they were discussed, but not approved, in Rel-15. 
This contribution is targeted to inform the early discussions of HST discussions in Rel-16 by re-iterating the results from previous discussions and extending them with new results. Some results of this contribution are cited in our companion paper [3].

Simulation results HST PUSCH
Setup
Following the WF by Docomo [2], we ran simulations with the following setup. The mentioning of both the transmission scheme and naming of FL (front-loaded) DMRS are debatable and are discussed in [4]

Table 1: Simulation setup Rel-15 HST PUSCH
	Parameter
	Value

	
	FR1
	FR1

	Transform precoding
	Disabled
	Enabled

	Number of Tx
	1
	1

	Number of Rx
	2
	2

	Number of layers
	1
	1

	Transmission scheme
	Identity matrix (TPMI index 0)
	Identity matrix (TPMI index 0)

	DMRS type
	type 1
	type 1

	Number of DMRS symbols
	Baseline: DMRS 1+1, the position of FL DMRS l0= 3 for both 15kHz and 30kHz SCS
DMRS 1+1+1 for 30kHz SCS is welcome to provide evaluation results
	Baseline: DMRS 1+1, the position of FL DMRS l0=3 for both 15kHz and 30kHz SCS
DMRS 1+1+1 for 30kHz SCS is welcome to provide evaluation results

	symbols length
	14
	14

	start symbol index
	0
	0

	Time domain resource allocation type
	type A
	type A

	Frequency domain resource
	Full applicable test bandwidth
	15kHz: 25 PRB; 30kHz: 24 PRB (middle of test BW)

	MCS index
	2
	2

	Carrier frequency (GHz)
	15kHz SCS: 2.1GHz
30kHz SCS: 2.1GHz or 3.6GHz
	15kHz SCS: 2.1GHz
30kHz SCS: 2.1GHz or 3.6GHz

	Propagation condition
	Scenario 3 with AWGN
	Scenario 3 with AWGN

	SCS and BW
	15kHz: 10MHz 
30kHz: 40MHz
	15kHz: 5MHz; 
30kHz: 10MHz

	PTRS
	Not configured
	Not configured

	Timing offset
	0
	0

	Frequency offset
	0
	0

	Code block group, Frequency hopping, Limited buffer rate matching
	Disabled
	Disabled

	Number of HARQ transmissions 
	4
	4

	Testing metric
	SNR @70% of maximum throughput
	SNR @70% of maximum throughput




Table 2: Propagation condition Rel-15 HST PUSCH
	Parameter
	Value

	
	Scenario 3

	

	300 m

	

	2 m

	

	300 km/h

	

	For 15kHz SCS:
 - 1150Hz
For 30kHz SCS: 
 - Option 1: 2000Hz  
 - Option 2: 1150Hz



Table 3: Further system parameters for Rel-15 HST PUSCH
	· UE speed
· 300km/h 
· Carrier frequency (Band)
· 15kHz SCS
· Band n1 (2.1GHz)
· 30kHz SCS
· Band n77 (3.6GHz) 
· Maximum Doppler shift
· 15kHz SCS
· 1150Hz
· 30kHz SCS
· Option 1: 2000Hz
· Option 2: 1150Hz
· Channel model
· AWGN (Single tap HST)
· BS-Railway track distance (Dmin) and Initial distance of the train from BS (Ds/2):
· Same as LTE HST scenario 3 for tunnel





Summary
Summary of the results
Table 4: Summary of Rel-15 HST PUSCH simulation results
	PUSCH HST 1T2R
	SNR @70% TPUT (Ideal)

	CP-OFDM
	FR1 Mapping type A
	2.1GHz, 15kHz, 10MHz
	MCS2
	AWGN HST3 - 1150
	DMRS 1+1
	NA

	
	
	
	
	
	(DMRS 1+1+1)
	-5,96

	
	
	2,1GHz, 30kHz, 40MHz
	MCS2
	AWGN HST3 - 1150
	DMRS 1+1
	-5,87

	
	
	
	
	
	DMRS 1+1+1
	-5,89

	
	
	3,6GHz, 30kHz, 40MHz
	MCS2
	AWGN HST3 - 2000
	DMRS 1+1
	NA

	
	
	
	
	
	DMRS 1+1+1
	-5,87

	
	
	
	
	
	
	

	DFT-s-OFDM
	FR1 Mapping type A
	2.1GHz, 15kHz, 5MHz 
(25PRB in middle of test BW)
	MCS2
	AWGN HST3 - 1150
	DMRS 1+1
	NA

	
	
	
	
	
	(DMRS 1+1+1)
	-6,32

	
	
	2,1GHz, 30kHz, 10MHz
(24PRB in middle of test BW)
	MCS2
	AWGN HST3 - 1150
	DMRS 1+1
	-6,33

	
	
	
	
	
	DMRS 1+1+1
	-6,37

	
	
	3,6GHz, 30kHz, 10MHz
(24PRB in middle of test BW)
	MCS2
	AWGN HST3 - 2000
	DMRS 1+1
	NA

	
	
	
	
	
	DMRS 1+1+1
	-6,36




Details
Here we present a selection of BLER vs. SNR curves for PUSCH HST (at 2,1 GHz and 1150Hz doppler) to illustrate common observations. The curves match our expectations for simulations using AWGN with HARQ.
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Figure 1: BLER vs. SNR curves for PUSCH HST, 2,1 GHz


Simulation results HST PRACH
Setup
Following the WF by Docomo [2], we ran simulations with the following setup. The general system parameters are shared with PUSCH from section 2.1; the propagation conditions are not shared. The results from this section are discussed in [5].
Table 5: System parameters for Rel-15 HST PRACH evaluation
	· PRACH performance requirements for HST
· Baseline: Restricted set type B
· Restricted set type A is welcome to provide evaluation results
· Burst format
· Burst format 0
· Channel model and frequency offset
· Reuse parameters of requirements for burst format 0 from LTE
· AWGN
· Baseline: AWGN with 1875 Hz frequency offset for restricted set type B
·             FFS: AWGN with 2000 Hz frequency offset for restricted set type B
· AWGN with 1340 Hz frequency offset for restricted set type A is welcome to provide evaluation results
· TDLC300-100
· Base line: TDLC300-100 with 400Hz frequency offset for restricted set type B
· TDLC300-100 with 400Hz frequency offset for restricted set type A is welcome to provide evaluation results




Summary
Summary of the results
Table 6: Summary of Rel-15 HST PRACH simulation results following the system setup
	Ideal results, 1T2R:
	
	

	AWGN
	FO=1340Hz, RestrictedTypeA
	FO=1875Hz, RestrictedTypeB
	FO=2000Hz, RestrictedTypeB

	SNR@1%MD
	-15,53
	-13,96
	-14,14

	
	 
	
	

	TDLC300, FO=400Hz
	Doppler Freq.=100Hz, RestrictedTypeA
	Doppler Freq.=1150Hz, RestrictedTypeA
	Doppler Freq.=2000Hz, RestrictedTypeA

	SNR@1%MD
	-7,91
	-11.34
	-11.52

	
	
	
	

	TDLC300, FO=400Hz
	Doppler Freq.=100Hz, RestrictedTypeB
	Doppler Freq.=1150Hz, RestrictedTypeB
	Doppler Freq.=2000Hz, RestrictedTypeB

	SNR@1%MD
	-7,42
	-10.74
	-11.68



Remark: “SNR@1%MD” is shorthand for “SNR [dB] with Missed detection probability 1 %”


Details
Here we present a selection of missed detection probability and false alarm rate vs. SNR curves for PRACH HST to illustrate common observations. 
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Figure 1: MD and FA vs. SNR curves for PRACH HST




Conclusion
In this contribution we have re-stated and completed our previous simulation results for the preliminary NR PUSCH and PRACH HST simulation scenarios tentatively discussed in Rel-15 [2].
This completed set of simulations is to be taken as the basis for our Rel-16 discussion [3].


References
[1] R4-1906368, “NR Rel-15 HST evaluation results”, Nokia, Nokia Shanghai Bell, RAN4#91.
[2] R4-1904720, WF on high speed related requirements for NR BS demodulation in Rel.15, NTT DOCOMO, INC., China Telecom, RAN4#90b.
[3] R4-1908134, “On NR Rel-16 HST BS demodulation requirements”, Nokia, Nokia Shanghai Bell, RAN4#92.
[4] R4-1906372, On high speed train related PUSCH requirements for NR BS demodulation in Rel-15, Nokia, Nokia Shanghai Bell, RAN4#91.
[5] R4-1906373, On high speed train related PRACH requirements for NR BS demodulation in Rel-15, Nokia, Nokia Shanghai Bell, RAN4#91.
[bookmark: _GoBack]
image2.wmf
min

D


oleObject2.bin

image3.wmf
v


oleObject3.bin

image4.wmf
d

f


oleObject4.bin

image5.png
Throughput (%) ->
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Throughput (%) ->

los2-Rank0, SR of 70% TP: -6.6766 dB





image7.png
Throughput (%) ->

PUSCH CP-OFDM, Type A, 10=3, DMRS 1+1+1, fc 2.1 GHz,
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los2-Rank0, SR of 70% TP: -6.6976 dB
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