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1. Introduction

In RAN #81, it was approved to discuss HST in Rel.15 after December 2018 [1]. 

The UE and BS demodulation performance requirements under HST scenarios are treated in TEI15 after December 2018.
In this contribution, we provide our views on deployment scenario for HST and UL timing adjustment in Rel.15 NR.
2.
Discussion
2.1
Assumption of UE speed and frequency band
In LTE, requirements for high-speed scenarios were introduced in Rel.8 (e.g., HST and UL timing adjustment). One of the target speeds is 350km/h, which is based on the assumption of high-speed trains (e.g., Shinkansen in Japan). Currently, such high-speed trains are widely deployed all over the world as long-distance high-speed transportation. In also NR, it is important to cover areas where high-speed trains were already deployed. Therefore, the similar assumption of UE speed can be considered for Rel.15 NR. As assumed frequency band, NR only bands (i.e. n77/n78/n79) as the baseline. Therefore, UE speed of up to 350km/h at 3.6GHz should be assumed in Rel.15 high speed related requirements.
Proposal 1: In Rel.15 NR high-speed scenarios, UE speed of 350km/h at 3.6GHz should be assumed for BS demodulation.
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). Base on proposal 1, the maximum Doppler shift 2340Hz should be considered in HST. 
Proposal 2: As the maximum Doppler frequency (fd), 2340Hz should be considered in Rel.15 NR UL HST.
2.3
Deployment scenario 

2.3.1
HST
In LTE, two scenarios are specified as follows:

· Scenario 1: Open space;

· Scenario 3: Tunnel for multi-antennas.
The parameters for high speed train conditions are defined 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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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.

For NR, similar scenarios as LTE should be considered and the same Ds and Dmin as LTE can be reused. Regarding the maximum Doppler frequency fd, 2340Hz should be considered as proposed in proposal 2. Proposed scenarios for NR are summarized in Table 1.
Proposal 3: For NR HST, define two scenarios as shown in Table 1.
Table 1: Proposed parameters for NR high speed train

	 Parameter
	Value

	
	Scenario X
	Scenario Y
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2.3.2
UL timing adjustment
In LTE, two scenarios are defined as follows:

· Scenario 1: Multipath fading conditions;

· Scenario 2: High speed train conditions.

The parameters for these scenarios are specified in Table B.4-1, TS 36.104 [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.

For NR, similar scenarios as LTE should be considered. As scenario X that is equivalent to scenario 1, it is reasonable to adopt 400 Hz Doppler shifts that can be calculated from the assumption of 120km/h@3.6GHz. As a channel model, UMa channel model (i.e. TDLC) and high delay spread (i.e., 300 which is highest value in already specified channel model in TS 38.104) should be considered. As scenario Y that is equivalent to scenario 2, the same UE speed assumptions can be reused same as LTE. The rationale of A and  is presented in [3]. Our proposed parameters are summarized in Table 2.
Proposal 5. For NR UL timing adjustment, define two scenarios shown in Table 2.
Table 2. Proposed parameters for NR UL timing adjustment.
	Parameter
	Scenario X
	Scenario Y

	Channel model
	Stationary UE: AWGN

Moving UE: TDLC300-400
	Stationary UE: AWGN

Moving UE: AWGN

	UE speed
	120 km/h
	350 km/h

	CP length
	Normal
	Normal

	A
	10*15/SCS μs
,where SCS is Sub Carrier Spacing in kHz.
	10*15/SCS s
,where SCS is Sub Carrier Spacing in kHz.

	
	0.04 s-1
	 0.18 s-1

	NOTE 1:
Multipath fading propagation conditions for Scenario X were derived for Band 7 with additional rounding applied to the Doppler frequency calculated for the specified UE speed.

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


3. Conclusion
In this contribution, we provide our views on NR PUSCH for HST and UL timing adjustment. The following proposals are obtained.
Proposal 1: In Rel.15 NR high-speed scenarios, UE speed of 350km/h at 3.6GHz should be assumed for BS demodulation.
Proposal 2: As the maximum Doppler frequency (fd), 2340Hz should be considered in Rel.15 NR UL HST.
Proposal 3: For NR HST, define two scenarios as shown in Table 1.
Table 1: Proposed parameters for NR high speed train conditions

	 Parameter
	Value

	
	Scenario X
	Scenario Y
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Proposal 5. For NR UL timing adjustment, define two scenarios shown in Table 2.
Table 2. Proposed parameters for NR high speed scenario.
	Parameter
	Scenario X
	Scenario Y

	Channel model
	Stationary UE: AWGN

Moving UE: TDLC300-400
	Stationary UE: AWGN

Moving UE: AWGN

	UE speed
	120 km/h
	350 km/h

	CP length
	Normal
	Normal

	A
	10*15/SCS μs
,where SCS is Sub Carrier Spacing in kHz.
	10*15/SCS s
,where SCS is Sub Carrier Spacing in kHz.

	
	0.04 s-1
	 0.18 s-1

	NOTE 1:
Multipath fading propagation conditions for Scenario X were derived for Band 7 with additional rounding applied to the Doppler frequency calculated for the specified UE speed.

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