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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 UE 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 DL maximum Doppler frequency is 1.7 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 DL maximum Doppler frequency is 1.7 KHz.
The maximum Doppler frequency that UE can handle depends on the physical layer design. CSI-RS for tracking is used for time/frequency tracking in high speed scenario. According to RAN1 design [2], for FR1, the time domain locations of the TRS resources in a slot is selected from {4, 8}, {5, 9}, {6, 10} based on the configured higher layer parameter. The time interval between two adjacent TRS resource is 4 symbols. And the time interval is related to SCS. The candidate SCS for data for FR1 is {15 KHz, 30 KHz, 60 KHz}. Table 2 summarizes the maximum Doppler frequency that UE can handle with different SCS. According to observation 1, for the carrier frequency of 3.6GHz with 500km/h, the maximum Doppler frequency is 1.7 KHz. From Table 2, it can be seen that all the candidate SCS for FR1 (15KHz, 30KHz, 60KHz) can support operating on 3.6GHz with 500km/h.
Table 2: maximum Doppler frequency that UE can handle with different SCS
	SCS
	Time interval
	Maximum Doppler frequency UE can handle from physical design point of view

	15KHz
	4 symbols
	1.75KHz

	30 KHz
	4 symbols
	3.5KHz

	60 KHz
	4 symbols
	7KHz


Observation 2: TRS can support operating on 3.6GHz with 500km/h (Doppler frequency = 1.7 KHz).

To determine the maximum Doppler frequency, except the DL physical channels, the NR design limitations for UL physical channels also need to be considered. The maximum Doppler frequency at BS side could be assumed as twice as Doppler frequency at UE side for simplicity. Taking 3.6GHz with 500km/h as an example, the maximum Doppler frequency at BS side is about 3.4 KHz. 
For UL channel, 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, 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 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 3.4 KHz. So there is no limitation in PUSCH to support operating on 3.6GHz with 500km/h if the PUSCH DMRS configuration is selected properly. 

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 15KHz, which is enough to handle the Doppler frequency of 3.4KHz. So there is no limitation in PRACH to support operating on 3.6GHz with 500km/h if the PRACH format is selected properly.
Observation 3: there is no UL limitation to support operating at 3.6GHz with 500km/h.
As above discussion, both DL channels and UL channels can support operating at 3.6GHz with 500km/h, so it is proposed to consider 1.7 KHz as the DL maximum Doppler frequency.
Proposal 1: it is proposed to consider 3.6GHz with 500km/h in this WI and the DL maximum Doppler frequency is 1.7 KHz.
2.2 Channel model

According to the WID [1], HST-SFN, HST single tap shall be considered, and other channel model are not precluded. HST-SFN with bidirectional coverage is widely deployed for high speed scenario in China, it is necessary to investigate this channel model to guarantee the demodulation performance in this scenario. For HST single tap, only 300 km/h are considered in Rel-15 (Doppler frequency is 1000Hz). To support the maximum velocity of 500 km/h, HST single tap channel model needs to be studied. For multi-path fading channel, up to 400 Hz Doppler frequency is considered in Rel-15, which cannot support working at high frequency carrier with high velocity, e.g. 3.6GHz with 500km/h. So it is proposed to study the multi-path fading channel with high Doppler frequency in this WI.
Proposal 2: for UE demodulation, it is proposed to consider following channel models:

· HST-SFN with bidirectional coverage

· HST single tap

· multi-path fading channel

For the channel model of HST single tap and HST-SFN, except Doppler frequency and velocity, inter-site distance (Ds) and gNB Railway track distance (Dmin) also need to be specified. Ds and Dmin have impact on the change of Doppler frequency. Considering the operating frequency carrier and deployment scenario, Ds is proposed to be 700 meters, Dmin is proposed to be 150 meters.
Proposal 3: For the channel model of HST single tap and HST-SFN, Ds is proposed to be 700 meters, Dmin is proposed to be 150 meters.
2.3 Transmission scheme for HST-SFN
HST-SFN with bidirectional coverage is the most important scenario for NR high speed train. Multiple RRHs connected to one BBU with fiber and share the same cell ID. For NR, according to the scheme of data transmission, there could be two transmission schemes.
· HST-SFN with joint transmission
HST-SFN with joint transmission is similar as the channel model defined in Section B.3A of 3GPP TS 36.101 [3]. Same TRS configuration is configured for each RRH. Same TB is transmitted from different RRHs, as shown in Figure 1. From UE point of view, multiple path of signal with different Doppler frequency will be received simultaneously. For HST-SFN deployment in NR is similar as that in LTE except some detail parameters, e.g. Ds and Dmin, may be changed. For simplicity, the channel model defined in Section B.3A of 3GPP TS 36.101 can be used as a baseline to investigate the demodulation performance for HST-SFN with joint transmission.
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Figure 1 HST-SFN with joint transmission
Proposal 4: for HST-SFN with joint transmission, the channel model defined in Section B.3A of 3GPP TS 36.101 can be used as a baseline to investigate the demodulation performance.
· HST-SFN with DPS transmission
The difference between HST-SFN with DPS transmission and HST-SFN with joint transmission is that there is only one RRH transmits data to UE at the same time for DPS transmission, as shown in Figure 2. Different RRH with the same cell ID is configured with different TRS. Network selects the RRH with best propagation condition to perform data transmission. The selection can be performed taking UE feedback into consideration, e.g. L1-RSRP. In this transmission scheme, UE only need to handle one Doppler frequency, which reduces the complexity of DL demodulation compared with receiving multipath signal with different Doppler frequency in the joint transmission. 
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Figure 2 HST-SFN with DPS transmission
Proposal 5: it is proposed to consider following two transmission scheme for HST-SFN deployment:
•
HST-SFN with joint transmission
•
HST-SFN with DPS transmission
3. Conclusion
This contribution provides discussion on UE 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 DL maximum Doppler frequency is 1.7 KHz.
Observation 2: TRS can support operating on 3.6GHz with 500km/h.

Observation 3: there is no UL limitation to support operating at 3.6GHz with 500km/h.
Proposal 1: it is proposed to consider 3.6GHz with 500km/h in this WI and the DL maximum Doppler frequency is 1.7 KHz.
Proposal 2: for UE demodulation, it is proposed to consider following channel models:

· HST-SFN with bidirectional coverage

· HST single tap

· multi-path fading channel

Proposal 3: For the channel model of HST single tap and HST-SFN, Ds is proposed to be 700 meters, Dmin is proposed to be 150 meters.
Proposal 4: for HST-SFN with joint transmission, the channel model defined in Section B.3A of 3GPP TS 36.101 can be used as a baseline to investigate the demodulation performance.

Proposal 5: it is proposed to consider following two transmission scheme for HST-SFN deployment:

· HST-SFN with joint transmission

· HST-SFN with DPS transmission
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