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1	Introduction
During the RAN4#90 meeting [1], the way forward on BS demodulation scenarios for HST [1] was approved, which captured some agreements and open issues. 

This document discusses the open issue on the maximum Doppler shift for HST at target vehicular speed of 500 km/h in which new or modified physical layer reference signals shall not be considered. It outlines our observations and proposals.  
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2.1 Operating bands for Doppler shift estimation 
According to [1], the following were agreed:
· Following deployment scenarios should be considered
· UE speed:
· 500 km/h;
· reference frequency will be agreed based on different companies’ input. Considerations would focus as much as possible on reusing the existing designs in previous 3GPP standards. Other options are not precluded;
· Maximum Doppler shift () for HST will be agreed based on different companies’ input; note: according to [2], new or modified physical layer reference signals shall not be considered.
· BS-Railway track distance (Dmin) and Initial distance of the train from BS (Ds/2):
· Option 1: Same as Scenario 1 (Open space) and Scenario 3 (Tunnel) specified in Rel.14 LTE;
· Other options are not precluded.
· If needed operators can provide a detailed description of the HST deployment scenarios.
(Note: agreements following the above are omitted as they are considered as not relevant for the discussion in the document.) 
In Rel-15 TS 36.104, E-UTRA Operating Band 1 was used to specify the maximum Doppler shift for HST scenarios with different target vehicular speeds as shown in Table 1. 
										Table 1: Rel-15 HST scenarios 
	
	Scenario 1
	Scenario 3

	Vehicular speed ()
	350 km/h
	300 km/h

	Maximum Doppler shift ()
	1340 Hz
	1150 Hz



Based on the second bullet agreement above for Rel-16 HST, other E-UTRA operating bands in addition to Band 1, in particular, the main operating bands should also be considered for Doppler shift calculation. Table 2 shows the maximum Doppler shift values in the uplink direction derived from several main E-UTRA operating bands.   
		Table 2: Doppler shifts in uplink for main E-UTRA operating bands at target vehicular speed 500 km/h
	E‑UTRA Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode
	Maximum Doppler Shift ()

	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	
	

	1
	1920 MHz – 1980 MHz
	2110 MHz – 2170 MHz
	FDD
	1921 Hz

	7
	2500 MHz – 2570 MHz
	2620 MHz – 2690 MHz
	FDD
	2435 Hz

	8
	880 MHz – 915 MHz
	925 MHz – 960 MHz
	FDD
	868 Hz

	9
	1749.9 MHz – 1784.9 MHz
	1844.9 MHz – 1879.9 MHz
	FDD
	1697 Hz

	18
	815 MHz – 830 MHz
	860 MHz – 875 MHz
	FDD
	789 Hz

	19
	830 MHZ – 845 MHz 
	875 MHz – 890 MHz
	FDD
	803 Hz

	42
	3400 MHz – 3600 MHz
	3400 MHz – 3600 MHz 
	TDD 
	3333 Hz



Which E-UTRA operating band should be adopted as the reference frequency for maximum Doppler shift? 
Even though the same band as in Rel-15 BS HST can be used, but there is one main difference between Rel-16 and Rel-15 HST, i.e.,
· new or modified physical layer reference signals shall not be considered
· UE speed: 500 km/h vs 350 km/h 
It is important to note that the maximum Doppler shift is limited by the distribution of DM-RS symbols in the time domain rather than in the frequency domain because HST channels are time varying. In [3], it was shown that the range of Doppler shift that can be accurately tracked and estimated using the DM-RS symbols of PUSCH is -1.0 ≤  ≤ +1.0 kHz. As such, operating frequency bands greater than E-UTRA Band 1 should be excluded from the maximum Doppler shift calculation for uplink.
	Proposal 1: Operating frequency bands greater than E-UTRA Band 1 should be excluded from the uplink maximum Doppler shift calculation.  

2.2 HST SFN cell coverage
Bi- or uni-directional scenario for HST SFN?
From [4], one of the two HST SFN scenarios will be selected. 
For the uni-directional scenario, antenna radiation patterns are configured to point in one direction only, i.e., either in the direction of moving trains or in the opposite direction while in the bi-directional case, radiation patterns are configured to point in both directions. The resulting Doppler shift trajectory for Band 1 for uni- and bi-directional scenarios is shown in Figure 1. As shown in the figure, the range of Doppler shift for the bi-directional scenario is twice that of uni-directional. Consequently, the maximum Doppler shift that can be accurately tracked and estimated using the unmodified DM-RS configuration of PUSCH for the bi-directional scenario is less than for uni-directional.  
Observation 1: For the bi-directional scenario, the range of Doppler shift is twice that of uni-directional.    
Observation 2: The maximum Doppler shift for the bi-directional scenario should be less than that for uni-directional for the unmodified DM-RS.
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(a) Bi-directional scenario										(b) Uni-directional scenario 
							Figure 1: Bi-directional vs uni-directional Doppler shift trajectory

Based on above Proposal 1, operating frequency bands equal to or less than E-UTRA Band 1 should be considered for determination of maximum Doppler shift at 500 km/h. Let us start with E-UTRA Band 1. From Table 2, the maximum Doppler shift is  = 1921 Hz. The range of Doppler shift for the bi-directional and uni-directional scenarios is shown in Figure 1(a) and (b), respectively. For uni-directional, the range of Doppler shift is less than 2000 Hz, which is possible to track and estimate Doppler shift using the unmodified DM-RS. However, this is not feasible with bi-directional as the range of Doppler is shift is almost two times greater than the uni-directional one.                
Observation 3: For the bi-directional scenario, E-UTRA Band 1 results in a Doppler shift range that exceeds the estimation capability of unmodified DM-RS.
Proposal 2: For the bi-directional scenario, operating frequency bands less than E-UTRA Band 1 should be used for the maximum Doppler shift determination; the operating frequency band is TBD. 

3	Conclusions
The document has discussed the Doppler shift estimation capability of the unmodified DM-RS associated with uplink PUSCH for target HST speed at 500 km/h. Based on our discussion, the following observations and proposals can be made:

Proposal 1: Operating frequency bands greater than E-UTRA Band 1 should be excluded from the uplink maximum Doppler shift calculation.  

Observation 1: For the bi-directional scenario, the range of Doppler shift is twice that of uni-directional.    
Observation 2: The maximum Doppler shift for the bi-directional scenario should be less than that for uni-directional for the unmodified DM-RS.
Observation 3: For the bi-directional scenario, E-UTRA Band 1 results in a Doppler shift range that exceeds the estimation capability of unmodified DM-RS.
Proposal 2: For the bi-directional scenario, operating frequency bands less than E-UTRA Band 1 should be used for the maximum Doppler shift determination; the operating frequency band is TBD.
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