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Introduction
In RAN1 the high speed train scenario has been used as an argument to motivate TRS periodicities shorter than 20ms. In [5] we studied the high speed train scenarios and concluded that 20ms TRS periodicity is clearly sufficient also for the these scenarios. Here we give some further quantitative analysis to further support the argumentation in [5] with regards to the most challenging high speed train scenario  for 30GHz carrier frequency and 5m distance from the RRH to the railroad track.
[bookmark: _Ref178064866]Discussion
The high-speed train scenario for high frequencies is based on unidirectional RRH as described in section 6.1.5 in [4] TR 38.913 (see Table 6.1.5-1 and Figure 6.1.5-2 reproduced below in Figure 4. The scenario is further detailed in [5] TR 38.802 (see Table A.2.1-2 and Figure A.2.1-6).
The unidirectional RRH scenario was studied for LTE in [6] TR 36.878 and was, in contrast to the bi-directional scenarios, seen to support 500km/h and even higher velocities.
Using RRH antenna beams with strong side lobe suppression directed in the same direction along the railroad track the relay on the train will experience an almost constant Doppler spread equal to plus or minus max Doppler spread depending on the direction the train is travelling. Since there is no fast-changing Doppler shift there is no frequency estimation problem.
For high frequencies, the challenges in terms of frequency and Doppler spread estimation do not get worse as long as the subcarrier spacing is scaled along with the frequency. For a speed of 500km/h at 30GHz carrier frequency the maximum Doppler shift is 13.9kHz. The Nyquist limit for frequency estimation based on reference signals three symbols apart is 16% of the subcarrier spacing or 19kHz for 120kHz subcarrier spacing.
One may also note that at high frequencies it’s much easier to achieve a large side lobe suppression with a limited antenna size.

[bookmark: _Ref495414005]Figure 1 30 GHz deployment for high speed trains
We can demonstrate this explicitly based on a horizontal antenna array with 15 antenna elements with half wavelength antenna element spacing, using an equiripple tapered DFT beam with tapering weights ak given in Table 1. The antenna pattern assuming omni directional elemental antennas is given by
[image: cid:image003.png@01D341A7.EAAD0DB0],
where

and d is the distance between adjacent antenna elements (in our case  ),  is the carrier wavelength and  is the antenna radiation angle. The resulting antenna array radiation pattern when using the standard 3GPP elemental antenna radiation pattern (Table 7.3-1 in 3GPP TR 38.901 [4]) is given in Figure 2.
[bookmark: _Ref495415381]Table 1 Coefficients for modelling beam shape characteristics
	Array weight 
	Coefficient 

	0
	0.0062

	1
	0.0185

	2
	0.0323

	3
	0.0543

	4
	0.0764

	5
	0.0992

	6
	0.1164

	7
	0.1264

	8
	0.1264

	9
	0.1164

	10
	0.0992

	11
	0.0764

	12
	0.0543

	13
	0.0323

	14
	0.0185

	15
	0.0062
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[bookmark: _Ref495416543]Figure 2 Antenna radiation pattern for a horizontal antenna array with 15 antenna elements using an equiripple tapered DFT beam with tapering weights ak as given in Table 1 and standard 3GPP elemental antenna radiation patterns.
We will now utilize this antenna for the high speed train scenario shown in Figure 1. For simplicity, we assume that the RRH beams are directed along the railroad.
In Figure 3 the doppler shift of the signals from RRH-1 and RRH-2 as the train pass RRH-2 are shown. We note that as the train passes RRH-2 the doppler shift of the signal from RRH-2 differs strongly from the doppler shift of RRH-1. The doppler shift of the signal from RRH-2 also changes very rapidly. This is the problem used to argue for a short TRS periodicity. When the train has travelled 15m passed RRH-2 the difference in doppler shift as well as the rate of change of the doppler shift is, however, already small. Note that 1kHz is less than 1% relative to a subcarrier spacing of 120kHz.
[image: X:\Documents\TRSstudies2017\eperern_ran1_90bis\doppler shift for HST.png]
[bookmark: _Ref495418279]Figure 3 The doppler shift of the signals from RRH-1 and RRH-2 as the train pass RRH-2 in the scenario in Figure 1. As the train passes RRH-2 the doppler shift of the signal from RRH-2 differs strongly from the doppler shift of RRH-1. The doppler shift of the signal from RRH-2 also changes very rapidly. When the train has travelled 15m from RRH-2 the difference in doppler shift as well as the rate of change of the doppler shift is, however, already small. Note that 1kHZ is less than 1% relative to a subcarrier spacing of 120kHz.
Thus, to avoid the troublesome doppler shift the RRH-2 signal need to be suppressed as compared to the RRH-1 signal until the train has passed RRH-2 with roughly 15m. In Figure 4 the antenna and path gain of RRH-2 relative to RRH-1 as the train pass RRH-2 is shown. The side lobe suppression of the antenna is clearly sufficient to suppress the RRH-2 signal relative to the RRH-1 signal in the troublesome region.

[image: X:\Documents\TRSstudies2017\eperern_ran1_90bis\antenna and pathgain for HST.png]
[bookmark: _Ref495419054]Figure 4 Antenna and path gain of RRH-2 relative to RRH-1 as the train pass RRH-2.
We note that to accomplish this we used a very small array antenna consisting of only 15 horizontal antenna elements. This is clearly feasible already at low frequencies. At 30GHz very much larger antenna arrays are feasible allowing for even better beam shaping characteristics.
We note that the high-speed train scenario for high frequencies is based on unidirectional RRH which eliminates the problem with fast-changing Doppler shifts.
The high speed train scenario has been used as the argument to introduce TRS periodicities shorter than 20ms. Clearly this is ungrounded and we propose that 20ms shall be the shortest configurable TRS periodicity.

[bookmark: _Toc494754948][bookmark: _Toc494754974][bookmark: _Hlk495419478]The high-speed train scenario is based on unidirectional RRH which eliminates the problem with fast-changing Doppler shifts.
The shortest configurable TRS periodicity in NR is 20ms.



Conclusion
We have the following proposal

Proposal 1: The shortest configurable TRS periodicity in NR is 20ms.
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Antenna radiation pattern for equiripple tapered DFT beam with 3GPP TR 38.900 elemental antenna radiation pattern
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