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1. Introduction

In the RAN #84 meeting, the WI on NR support for high speed train scenario was approved [1]. This contribution provides initial discussion on the BS demodulation part.
2. Discussion 
2.1 maximum Doppler frequency
According to the WID [1], the maximum Doppler frequency will be investigated and determined based on operating frequency, velocity and the NR design limitations for all UL/DL physical channels. 

· The carrier frequency is up to 3.6GHz covering both TDD and FDD.
· The feasibility of supporting speeds of up to a maximum of 500km/h will be investigated. The actual maximum supported velocity at 3.6GHz will be decided in this WI.
The maximum Doppler frequency is related to operating frequency and velocity. Table 1 shows the Doppler frequency of different combination of carrier frequency and velocity. In this WI, the target speed is 500km/h, the carrier frequency is up to 3.6GHz. For the combination of 3.6GHz with 500km/h, as shown in Table1, the maximum UL Doppler frequency is about 3.4 KHz.
Table 1: Doppler frequency with different speed and carrier frequency
	Speed (km/h)
	Doppler Frequency (Hz)

	
	1.9GHz
	2.7GHz
	3.6GHz

	Downlink/Uplink
	DL
	UL
	DL
	UL
	DL
	UL

	350
	616
	1232
	875
	1750
	1200
	2400

	400
	704
	1408
	1000
	2000
	1300
	2600

	450
	792
	1584
	1125
	2250
	1500
	3000

	500
	880
	1760
	1250
	2500
	1700
	3400


Observation 1: for the carrier frequency of 3.6GHz with 500km/h, the maximum UL Doppler frequency is about 3.4 KHz.
For PUSCH, time/frequency tracking is based on DMRS. To support high speed scenario, additional DMRS is introduced in addition to front loaded DMRS. According to RAN1 design [2], the DMRS position and time interval of adjacent DMRS are very flexible, which is related to PUSCH mapping type, scheduled duration (ld), etc. Different configuration of DMRS position has different capability of time/frequency tracking. For high speed scenario, from network deployment point of view, one possible PUSCH DMRS position configuration is one front loaded DMRS with two additional DMRS. For this configuration, the minimum time interval is 3 symbols. With 30KHz SCS, 3 symbols can support at most 4.67 KHz Doppler frequency, which is enough to handle the Doppler frequency of 3.6GHz with 500km/h.
Observation 2: depending on PUSCH DMRS configuration, PUSCH can support operating on 3.6GHz with 500km/h (UL Doppler frequency = 3.4 KHz ). 
For PRACH, there are format 0/1/2/3/Ax/Bx/Cx. The SCS of format 0/1/2 is 1.25 KHz, which may not support operating on 3.6GHz with 500km/h. The SCS of format 3 is 5 KHz and the SCS of format Ax/Bx/Cx is the multiple of 15 KHz, which is enough to handle the Doppler frequency of 3.4 KHz.
Observation 3: depending on PRACH format, PRACH can support operating on 3.6GHz with 500km/h (UL Doppler frequency = 3.4 KHz ).
According to above discussion, it can be seen that there is no UL limitation to support operating at 3.6GHz with 500km/h. So it is proposed consider 3.4 KHz as UL maximum Doppler frequency.
Proposal 1: it is proposed to consider 3.6GHz with 500km/h in this WI and the UL maximum Doppler frequency is 3.4 KHz.
Proposal 2: to support operating at 3.6GHz with 500km/h, it is proposed to consider PRACH format 3/ Ax/Bx/Cx.
Another consideration is the channel model at BS side. For HST-SFN deployment, there are two channel model at BS side.
Option 1: HST single tap, the time/frequency tracking and demodulation are performed by each RRH
Option 2: HST-SFN, RRH transmits data to BBU, and the time/frequency tracking and demodulation are performed by BBU
In Rel-14 LTE HST WI, HST single tap channel model is adopted because each RRH performs the time/frequency tracking and demodulation is assumed as a common BS implementation. For NR, BS vendor’s input is encouraged to determine which channel model is in use. If BS vendor agree that time/frequency tracking and demodulation are performed by each RRH is a common implementation for NR high speed train scenario, channel model of single tap HST can be considered.  
Proposal 3: it is proposed to consider following two channel models at BS side. And BS vendor’s input is encouraged to determine the channel model.
· Option 1: HST single tap, the time/frequency tracking and demodulation are performed by each RRH

· Option 2: HST-SFN, RRH transmits data to BBU, and the time/frequency tracking and demodulation are performed by BBU

3. Conclusion
This contribution provides discussion on BS demodulation for NR support of high speed scenario. The observations and proposals are:
Observation 1: for the carrier frequency of 3.6GHz with 500km/h, the maximum UL Doppler frequency is about 3.4 KHz.
Observation 2: depending on PUSCH DMRS position configuration, PUSCH can support operating on 3.6GHz with 500km/h (UL Doppler frequency = 3.4 KHz ). 

Observation 3: depending on PRACH format, PRACH can support operating on 3.6GHz with 500km/h (UL Doppler frequency = 3.4 KHz ).

Proposal 1: it is proposed to consider 3.6GHz with 500km/h in this WI and the UL maximum Doppler frequency is 3.4 KHz.
Proposal 2: to support operating at 3.6GHz with 500km/h, it is proposed to consider PRACH format 3/ Ax/Bx/Cx.

Proposal 3: it is proposed to consider following two channel models at BS side. And BS vendor’s input is encouraged to determine the channel model.

· Option 1: HST single tap, the time/frequency tracking and demodulation are performed by each RRH

· Option 2: HST-SFN, RRH transmits data to BBU, and the time/frequency tracking and demodulation are performed by BBU
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