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Introduction
[bookmark: _Ref178064866]In this auxiliary contribution, we investigate the TRS burst periodicity and show that the periodicity values 20ms, 40ms and 80ms are sufficient for normal deployments as well as for high speed train deployments. Hence, there is no need to support additional periodicities below 10ms which is the smallest periodicity supported in NR.
Discussion
[bookmark: _Ref494748577][bookmark: _Ref503448604]TRS burst periodicity
The periodicities 20,40 and 80 ms has been agreed to be used for TRS in the general case and in addition the 10ms for the special high-speed train case with UE speeds up to 500 km/h. 
In TR 38.913 and TR 38.802 scenarios for high speed trains (HST) are defined using separate scenarios for low frequencies (around 4GHz) and high frequencies (around 30GHz). A debated issue in RAN1 is whether the HST scenarios require a TRS burst periodicity smaller than 20ms but no company has provided any analysis so far on the required TRS periodicity for these scenarios. An analysis of the impacts on the time/frequency tracking and TRS from these scenarios in the subsections below.
High Speed Train (HST) scenario at 4 GHz
The high-speed train scenario for low frequencies is based on bidirectional Remote Radio Head (RRH) located linearly along the railroad track as described in section 6.1.5 in [4] TR 38.913 (see Table 6.1.5-1 and Figure 6.1.5-1 reproduced below in Figure 1). The scenario is further detailed in [5] TR 38.802 (see Table A.2.1-1 and Figure A.2.1-6)
[image: ]
[bookmark: _Ref494452751]Figure 1 4 GHz deployment for high speed trains
The UE speed relatively the RRH, can be described as

where v (m/s) is the speed of the train and d (m) is the smallest distance between the railroad tracks and the TRS (in the picture a remote radio head (RRH)).  In the 4GHz scenario d=100m. At , the UE is closest to the TRP. The corresponding Doppler shift can be expressed as

where  (Hz) is the carrier frequency and c (m/s) is the speed of light. In Figure 2 the Doppler shift is shown as a function of time for 4GHz carrier frequency and for d=50m/100m/200m.

[image: C:\Users\ecshaer\Documents\Repository\ER-RAT\2016\Work\MATLAB\HST\doppler_shift.jpg]
[bookmark: _Ref494454589]Figure 2 Doppler shift plotted versus time assuming a train speed of 500 km/h and a 4GHz carrier frequency. Here t=0 corresponds to the time when the UE/relay on the train is closest to the RRH. The d=100m curve corresponds to the scenario described in TR 38.913 and TR 38.802.

The change in Doppler shift between two TRS bursts can be expressed as

where  is the time between two adjacent TRS bursts.
[image: C:\Users\ecshaer\Documents\Repository\ER-RAT\2016\Work\MATLAB\HST\change_doppler_shift_trs_20ms.jpg]

[bookmark: _Ref494729001]Figure 3 The change of Doppler shift between two adjacent TRS burst separated with 20 ms when the train is passing a RRH at 500 km/h using a 4GHz carrier and varying the distance between the railway tracks and the TRP d = {50m, 100m, 200m}. The d=100m curve corresponds to the scenario described in TR 38.913 and TR 38.802.
In Figure 3, it can be observed that if the transmission point is placed at least 100 meters from the railroad tracks and the trains moves at 500 km/h on the railway tracks, then the largest Doppler shift change between two TRS bursts is about 50 Hz. This is only 0.33% of a 15kHz SCS or 0.17% of 30kHz SCS. This would have no impact on performance at low SNR. At high SNR there would be some limited impact on throughput, but the fast frequency change takes place during ~1s when the train pass an RRH which is a small fraction of the time it takes for the train to go from one RRH to the next (12.5s at 500km/h for an inter RRH distance of 1732m). Furthermore, in [3] it was shown that the robust four symbol DMRS pattern intended for high mobility can be used by the UE to efficiently track the frequency even for allocations down to 6RB. Thus, a reduction in performance would only be seen during a small fraction of the time for very low allocations at high SNR.
A reduction of the TRS burst period below 20ms would give a limited performance benefits for a corner case of very small allocations during a small fraction of the time (when passing an RRH) while increasing the TRS overhead and creating additional interference with a negative impact on the overall system performance.
We note finally that the HST requirement in 28.913 is for ‘consistent passenger user experience’. A performance degradation is acceptable as long as mobility is maintained at high speeds. Thus, the increase in overhead from additional DMRS symbols (7% overhead per symbol) as well as the limited throughput reduction discussed above (negligible compared to the DMRS overhead) is acceptable at high speeds.

[bookmark: _Toc494754946][bookmark: _Toc494754972]With 20ms TRS burs periodicity and 4GHz carrier frequency, the maximum Doppler shift change between TRS bursts is about 50 Hz for a deployment where the transmission point is located 100 meters from the railroad tracks.
[bookmark: _Toc494754947][bookmark: _Toc494754973]A reduction of the TRS burst period below 20ms would only give a limited performance increase for a corner case of very small allocations during a small fraction of the time (when passing an RRH in a high-speed train) while increasing the TRS overhead and creating additional interference with a negative impact on the overall system performance.
[bookmark: _Toc494754919]The smallest TRS burst periodicity needed in NR is 20ms.

High Speed Train (HST) scenario at 30 GHz
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.

Figure 4 30 GHz deployment for high speed trains

[bookmark: _Toc494754948][bookmark: _Toc494754974]The high-speed train scenario for high frequencies is based on unidirectional RRH which eliminates the problem with fast-changing Doppler shifts.
Discussion on TRS burst periodicity
The maximum periodicity that can be achieved depends on the expected frequency drift of the UE oscillator, the performance of the frequency estimator, and what frequency error one can accept. In [8] Mediatek gave a worst-case frequency drift of 0.16 ppm/sec considering the slope in the temperature stability curve (ppm/oC), the temperature drift rate (oC/sec) and the experience learned from LTE. 
Combining this worst-case frequency drift figure from a chipset manufacturer with simulations of the sensitivity of throughput to frequency errors (see Figure 13 and Table 8 in Appendix 5.1) we can calculate the worst-case throughput loss due to frequency drift for different TRS burst periodicities (see Table 1, and further Table 4, Table 5 and Table 6 in Appendix 5.1). Note that the average frequency drift will be half the frequency drift over the full TRS burst period.
We note that the throughput loss due to frequency drift is very low at low to medium SNR. It becomes significant only at very high SNRs.
If we accept a worst-case throughput loss of 5% at very high SNRs then we can use a TRS burst periodicity of 20ms to 80ms for different combinations of subcarrier spacing and frequencies (see Table 1).

[bookmark: _Ref490255555]Table 1 TRS burst periodicities that will give an insignificant throughput loss at low to medium SNR and a worst-case throughput loss of less than 5% at high SNRs due to worst-case frequency drift.
	TRS burst periodicity

	15kHz SCS at 2 GHz
	40ms

	30kHz SCS at 2 GHz
	80ms

	15kHz SCS at 5 GHz
	20ms

	30kHz SCS at 5 GHz
	40ms



We can thus make the following observation:
[bookmark: _Toc494754949][bookmark: _Toc494754975][bookmark: _Hlk490256865]The following TRS burst periodicities will give an insignificant throughput loss at low to medium SNR and a worst-case throughput loss of less than 5% due to a worst-case frequency drift of 0.16ppm/s: 40ms periodicity for 30kHz SCS at 5 GHz; 40ms periodicity for 15kHz SCS at 2 GHz; 80ms periodicity for 30kHz SCS at 2 GHz; 20ms periodicity for 15kHz SCS at 5 GHz; 40ms periodicity for 30kHz SCS at 5 GHz;
We note that these results are based on LTE numbers on frequency drift. Since LTE was designed, further development is expected and the TCXO, Temperature Controlled Crystal Oscillators have become significantly cheaper. In designing a new radio access technology for the next decade using the TCXO technology should be considered, especially since energy efficiency is a key target for NR. With TCXO significantly longer TRS burst periodicity could be utilized in NR. 
We note also that any TDD structure must fit with the 20ms periodicity of the SS block. A TRS burst periodicity which is a multiple of 20ms will therefore make it easy both to avoid collisions with the SS block and to ensure that the TRS burst will come in downlink slots. In addition, the 20 ms periodicity maps static TDD configurations which has 3 DL and 1 UL slot with 2 or 4 ms repetition pattern. 
[bookmark: _Toc494754950][bookmark: _Toc494754976][bookmark: _Hlk490256882]A TRS burst periodicity which is a multiple of 20ms will make it easy both to avoid collisions with the SS block, TDD repetition patterns of 2 or 4 ms duration to ensure that the TRS burst will come in downlink slots.
Based on the analysis above, and the analysis for the high speed UE cases in previous sections, we propose that the TRS should be configurable with a burst periodicity of 20ms, 40ms and 80ms. . 
TRS periodicity smaller than 10ms is not supported  
Conclusion
We conclude
1. TRS periodicity smaller than 10ms is not supported  
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