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1
Introduction
In [1], a proposal was given for PUSCH high speed train (HST) simulation conditions, which were agreed to at RAN4 #47b.  This contribution provides implementation margin results based on the agreed assumptions. 
2
Simulation Assumptions
The simulation assumptions were based on [1].  The general assumptions are shown in Table 1 below. 
	PUSCH format 
	A3-2 … A3-7

	RVID sequence 
	0, 2, 3, 1

	PUCCH format 
	2 (optional)

	Number of PUCCH channels
	1

	Number of Rx antennas 
	2 (scenario 3), 1 (scenario 3)

	Verification points
	30%, 70%

	Channel model
	HST

	DM RS sequence hopping
	Disabled

	Channel bandwidths
	1.4MHz, 3MHz, 5MHz, 10MHz, 15MHz, 20MHz

	Cyclic prefix
	Normal

	DL control 
	Error free


Table 1  PUSCH HST simulation assumptions

Receiver requirements are defined with a throughput stated relative to the Maximum throughput of the FRC. The Maximum throughput for an FRC equals (Payload_size*Number_of_uplink_sub-frames_per_second), in which PUSCH is transmitted.
The HST channel parameters are shown in Table 2 below. 
	 Parameter
	Value

	
	Scenario 1
	Scenario 3
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	1000 m
	300 m
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	50 m
	2 m
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	350 km/h
	300 km/h
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	1340 Hz
	1150 Hz


Table 2: Parameters for high speed train conditions
2.1  Test cases
The proposed frame timing parameters for scenario 1 and 3 are summarized in Table 3.
	
	Channel BW [MHz]

	
	1.4
	3
	5
	10
	15
	20

	Reference channel
	A3-2
	A3-3
	A3-4
	A3-5
	A3-6
	A3-7

	Sub-frame in which PUSCH is transmitted in four consecutive radio frames (See Figure 1)
	#0, #8, #16, #24, #32
	#0, #8, #16, #24, #32
	#0, #8, #16, #24, #32
	#0, #8, #16, #24, #32
	#0, #8, #16, #24, #32
	#0, #8, #16, #24, #32

	Sub-frame in which PUCCH (format 2) is transmitted in four consecutive radio frames (See Figure 1) *
	#5, #15, #25, #35
	#5, #15, #25, #35
	#5, #15, #25, #35
	#5, #15, #25, #35
	#5, #15, #25, #35
	#5, #15, #25, #35


(*) The SNR value per antenna should be set to [-4.5 dB and -1.5 dB] for Scenario 1 and 3, respectively.
Table 3 Proposed parameters for Scenario 1 and 3
The relative timeline of PUCCH and PUSCH transmissions is illustrated in Figure 3 below.   
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DTXed

Receiver requirements (Throughput) is defined based on the sub-frames, in which 

PUSCH is transmitted (#0, #8, #16, #24, #32).

[Note]

#0 #1 #2 #3 #4 #5 #6 #7 #8 #9 #10#11#12#13#14#15#16#17#18#19#20#21#22#23#24#25#26#27#28#29#30#31#32#33#34#35#36#37#38#39


Figure 3 Sub-frames in which PUSCH is transmitted
3
Proposed Requirement
The implementation margin results are shown in Table 4. 
	Channel Bandwidth [MHz]
	Cyclic prefix
	FRC
(Annex A)
	Number of RX antennas
	Propagation conditions (Annex B)
	Fraction of maximum throughput
	SNR

[dB]

	1.4
	Normal
	A3-2
	1
	HST Scenario 3
	30%
	-1.2

	
	
	
	
	
	70%
	1.8

	
	
	
	2
	HST Scenario 1
	30%
	-2.8

	
	
	
	
	
	70%
	-0.4

	3
	Normal
	A3-3
	1
	HST Scenario 3
	30%
	-1.9

	
	
	
	
	
	70%
	1.7

	
	
	
	2
	HST Scenario 1
	30%
	-3.5

	
	
	
	
	
	70%
	-0.8

	5
	Normal
	A3-4
	1
	HST Scenario 3
	30%
	-1.8

	
	
	
	
	
	70%
	1.9

	
	
	
	2
	HST Scenario 1
	30%
	-4.1

	
	
	
	
	
	70%
	-0.8

	10
	Normal
	A3-5
	1
	HST Scenario 3
	30%
	-1.8

	
	
	
	
	
	70%
	1.5

	
	
	
	2
	HST Scenario 1
	30%
	-4.4

	
	
	
	
	
	70%
	-0.8

	15
	Normal
	A3-6
	1
	HST Scenario 3
	30%
	-2.2

	
	
	
	
	
	70%
	1.4

	
	
	
	2
	HST Scenario 1
	30%
	-4.4

	
	
	
	
	
	70%
	-0.7

	20
	Normal
	A3-7
	1
	HST Scenario 3
	30%
	-2.5

	
	
	
	
	
	70%
	1.4

	
	
	
	2
	HST Scenario 1
	30%
	-4.5

	
	
	
	
	
	70%
	-0.7


Table 4 Proposed minimum requirements of PUSCH for high speed train
4 Conclusion

Implementation margin results for PUSCH high speed train requirements were presented assuming realistic channel estimation, interference estimation and Doppler frequency estimation.

It is recommended that the results in this contribution should be included in setting the requirements. 

5
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