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1. Introduction

In RAN #80, the work item on further performance enhancement for LTE in high speed scenario in Rel.16 was approved, in which includes the following objectives [1]. 
The performance part of this WI include

· Specify the necessary RRM test cases
· Specify measurement accuracy requirements for the new scenarios
· Specify the necessary UE demodulation performance requirements, and CSI reporting requirements if any
· Specify the necessary BS demodulation performance requirements if any
One of the objectives of the performance part is to specify the BS demodulation requirements. In this contribution, we discuss necessary BS demodulation performance requirements and provide our views on deployment scenarios.
2. Discussion
2.1
Assumption of UE speed and frequency band
The requirements for high-speed scenarios specified until Rel.14 in DL/UL are summarized in Table 1. It can be seen that different UE speeds and frequency bands are assumed. In general, the demodulation performance under high-speed conditions depends on the maximum Doppler frequency that can be calculated by the assumed maximum UE speed and frequency. If different frequencies are selected as the assumed frequencies between UL and DL, a link based on lower frequency assumptions will be a bottleneck as mobility performance in the network. In order to avoid such concerns, it is reasonable to align the maximum UE speed and frequency assumptions between DL and UL. According to WID [1], a target UE speed is up to 500km/h. Considering the assumptions for existing requirements, band 7 is suitable as an assumed frequency in the Rel.16 high-speed scenario.
Proposal 1: UE speed of 500km/h at band 7 (2.7GHz) should be assumed in BS demodulation in Rel.16 high-speed scenario.
Table 1: Summary of DL and UL performance requirements for LTE

	Release
	Link
	Test scenario
	(Ref) Frequency
	UE speed
	Channel
	Doppler Frequency

	8
	DL
	Multipath fading
	Band 7
 (2.7 GHz)
	120 km/h
	ETU
	300 Hz

	
	
	HST
	
	300 km/h
	HST
	750 Hz

	
	UL
	Multipath fading
	Band 7
 (2.7 GHz)
	120 km/h
	ETU
	300 Hz

	
	
	UL Timing Adjustment
	Band 1
 (2.1GHz)
	120km/h
	Stationary UE: ETU
Moving UE: AWGN
	Stationary UE: -

Moving UE: 200

	
	
	
	
	350km/h
	Stationary UE: AWGN

Moving UE: AWGN
	Stationary UE: -

Moving UE: -

	
	
	HST
	Band 1 
(2.1GHz)
	300 km/h
	HST
	1150 Hz

	
	
	
	
	350 km/h
	HST
	1340 Hz

	13
	DL
	Multipath fading
	Band 7 
(2.7 GHz)
	240 km/h
	ETU
	600 Hz

	14
	DL
	HST-SFN
	Band 7 
(2.7 GHz)
	350 km/h
	HST-SFN
	875 Hz

	
	UL
	Multipath fading
	Band 7 
(2.7 GHz)
	240 km/h
	ETU
	600 Hz


2.2
Maximum Doppler shift
In DL, BS transmits signals at BS Tx frequency (f_BS_Tx) which is synchronized to the network, and UE demodulates received signals at UE Rx frequency (f_UE_Rx = f_BS_Tx + ∆f_DL) which includes frequency offset due to Doppler shift in DL. On the other hand, in UL, UE transmit signals at UE Tx frequency (f_UE_Tx + ∆f_DL) which includes Doppler shift in DL, and BS demodulates BS Rx frequency (f_BS_Rx = f_UE_Tx + ∆f_DL+ ∆f_UL) which includes Doppler shifts in both DL and UL. Since the Doppler shifts in UL is much the same as DL (i.e., ∆f_DL ≈∆f_UL), the effective Doppler shift for BS demodulation is twice the Doppler shift (∆f_DL+ ∆f_UL). Therefore, based on the assumption of UE speed 500km/h at band 7 (2.7GHz), the maximum Doppler shift 2500Hz should be considered.
Proposal 2: As a maximum Doppler shift for Rel.16 HST in UL, 2500Hz should be considered.

2.3
Requirements for Rel.16 high-speed
For Rel.16 high-speed, similar scenarios and requirements as existing can be considered as follows:
· PUSCH for multipath fading propagation scenario;

Tests under this scenario guarantee performance under multipath fading conditions. Currently, requirements cover Doppler frequency of up to 600 Hz. In order to be sure the performance of a higher UE speed under multipath fading conditions, it is necessary to define test cases with higher Doppler frequencies above 600 Hz. Therefore, we propose to define new test cases of multipath fading scenario with Doppler frequency above 600 Hz, e.g., ETU1250.
· PUSCH for moving propagation scenario (i.e., UL timing adjustment);

PUSCH requirements for UL timing adjustment were introduced in Rel.8 to verify the performance to estimate appropriate UL transmission timing and sent TA command at the appropriate frequency, in high speed conditions assuming that UE speed is 120km/h and 350km/h. In order to cover UE speeds of up to 500km/h, enhanced requirements for UL timing adjustment is required. Therefore, it is proposed to define new UL timing adjustment scenario(s) covering UE speed of up to 500km/h.
· PUSCH for HST scenario;

Similar to UL timing adjustment, PUSCH requirements for HST were introduced in Rel.8, which cover UE speed of up to 350km/h. The assumed Doppler frequency does not cover 500km/h at Band 7. Therefore, we propose to define new scenarios for HST assuming UE speed of 500km/h.
· PRACH for restricted set B;

In restricted set B, test cases under frequency offset conditions of up to 1875Hz are specified. However, as proposed in proposal 3, 2500Hz should be considered as the maximum Doppler shift in UL. Therefore, we need further consideration whether new test cases under conditions of 2500Hz frequency offset would be needed.
Proposal 3: In Rel.16 high-speed, the following requirements should be considered:
· PUSCH for multipath fading propagation scenario;

· PUSCH for moving propagation scenario (i.e., UL timing adjustment);

· PUSCH for HST scenario;

· PRACH for restricted set B.

2.4
Deployment scenarios
2.4.1
HST
The existing HST conditions are shown in Table B.4-1, TS 36.104 [2].
Table B.3-1: Parameters for high speed train conditions

	 Parameter
	Value

	
	Scenario 1
	Scenario 3
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	1340 Hz
	1150 Hz


NOTE1:
Parameters for HST conditions in table B.3-1 including 
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 and Doppler shift trajectories presented on figures B.3-1 and B.3-2 were derived from Band1 and are applied for performance verification in all frequency bands.

In Japan, for future high speed trains (e.g., Maglev), similar deployment scenarios as existing high speed trains (i.e., Shinkansen) are expected. In also other countries, open space scenario (scenario 1) and tunnel scenario (scenario 3) are expected to be sufficient for the assumed scenario. Therefore, in Rel.16 HST, the same Ds and Dmin as Rel.8 HST can be reused. In addition, as proposed in proposal 2, the Doppler frequency of 2500Hz is necessary to guarantee the performance under UE speed of up to 500km/h. Proposed parameters are summarized in Table 2. 

Proposal 4: For Rel.16 HST, define new two scenarios shown in Table 2.
Table 2: Proposed parameters for HST in Rel.16
	 Parameter
	Value

	
	Scenario X
	Scenario Y
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2.4.2
UL timing adjustment
In current LTE specification, parameters for UL timing adjustment are specified in Table B.4-1, TS 36.104 [2]. The target UE speeds are 120km/h in scenario 1 and 350km/h in scenario 2. 
Table B.4-1: Parameters for UL timing adjustment

	Parameter
	Scenario 1
	Scenario 2

	Channel model
	Stationary UE: AWGN

Moving UE: ETU200
	AWGN

	UE speed
	120 km/h
	350 km/h

	CP length
	Normal
	Normal

	A
	10 s
	10 s

	
	0.04 s-1
	0.13 s-1


NOTE 1:
Multipath fading propagation conditions for Scenario 1 were derived for Band 1 with additional rounding applied to the Doppler frequency calculated for the specified UE speed.

NOTE 2:
In Scenario 2, Doppler shift is not taken into account.

Based on scenario 2 for HST, we propose parameters that the channel model is AWGN and UE speed is 500km/h. The rationale of  is presented in [3]. Our proposed parameters are summarized in Table 3.

Proposal 5: For Rel.16 UL timing adjustment, define a new scenario shown in Table 3.
Table 3: Proposed parameters for UL timing adjustment in Rel.16.

	Parameter
	Scenario X

	Channel model
	Stationary UE: AWGN

Moving UE: AWGN

	UE speed
	500 km/h

	CP length
	Normal

	A
	10 s

	
	 0.18 s-1

	NOTE:
In Scenario X, Doppler shift is not taken into account.


3. Conclusion
In this contribution, we provide our views on BS demodulation requirements for LTE high speed in Rel.16. The following proposals are obtained.

Proposal 1: UE speed of 500km/h at band 7 (2.7GHz) should be assumed in BS demodulation in Rel.16 high-speed scenario.
Proposal 2: As a maximum Doppler shift for Rel.16 HST in UL, 2500Hz should be considered.

Proposal 3: In Rel.16 high-speed, the following requirements should be considered:

· PUSCH for multipath fading propagation scenario;

· PUSCH for moving propagation scenario (i.e., UL timing adjustment);

· PUSCH for HST scenario;

· PRACH for restricted set B.

Proposal 4: For Rel.16 HST, define new two scenarios shown in Table 2.
· Table 2: Proposed parameters for HST in Rel.16
	 Parameter
	Value

	
	Scenario X
	Scenario Y
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Proposal 5: For Rel.16 UL timing adjustment, define a new scenario shown in Table 3.
Table 3: Proposed parameters for UL timing adjustment in Rel.16.

	Parameter
	Scenario X

	Channel model
	Stationary UE: AWGN

Moving UE: AWGN

	UE speed
	500 km/h

	CP length
	Normal

	A
	10 s

	
	 0.18 s-1

	NOTE:
In Scenario X, Doppler shift is not taken into account.
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