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1 Introduction

In the last RAN4 meeting (RAN4 #92bis) the WF on UE demodulation for NR HST was approved [1]. Based on this WF demodulation requirements should be defined for HST single tap and HST SFN scenarios. Also, introduction of DL performance requirements for multipath fading channel with high Doppler frequency was under discussion. Current demodulation test cases with fading channel conditions cover up to 400 Hz Doppler frequency and for initial stage it was proposed to study requirements extension up to 600 Hz and 1200 Hz for 15 kHz and 30 kHz SCS respectively.
In this paper we present our view on the UE demodulation requirements for NR HST with multi-path channel conditions.
2 Discussion
2.1 Demodulation performance
In general, high speed multi-path environment has a negative impact on demodulation performance of OFDM communication systems. High Doppler frequency leads to significant ICI level which limited max SNR operation point. To mitigate such effect higher SCS is preferable. Also due to fast time variations of channel conditions dense reference signal (RS) patterns are required in order to provide accurate channel estimation. To sum up, max supported Doppler frequency is mainly determined by configured RS pattern and SCS. 

LTE CRS design is rather dense and LTE UE demodulation requirements are covered up to 600 Hz max Doppler frequency. Same time NR UE demodulation requirements are covered only up to 400 Hz while NR can be configured with higher SCS and design of reference signals also allows to have quite dense coverage. Also considering IMT 2020 mobility requirements, NR should guarantee reliable performance for higher UE speeds compare to LTE which means that NR demodulation requirements should be extended to cover at least not less mobility as in LTE. In this case in the previous RAN4 meeting it was proposed to study demodulation requirements definition for multi-path channel conditions with 600 Hz max Doppler frequency for 15 kHz SCS. Also considering a stronger robustness to Doppler effects of configuration with 30 kHz SCS it was proposed to consider 1200 Hz max Doppler frequency for 30 kHz SCS. 
2.1.1 Max supported Doppler frequency

In the Figure 1 simulation results for different max Doppler frequencies are presented. Quite high MCS value 17 was chosen for evaluations. For max Doppler frequency ranges from 400 to 1000 Hz and from 800 to 1600 were chosen for 15 kHz SCS and for 30 kHz SCS respectively. Other simulation assumptions are aligned with agreed parameters [1]  
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	Figure 1. Demodulation performance in HST multi-path channel conditions


Observation #1: Maximum throughput value can be reached for all considered max Doppler frequencies and for both DMRS patterns.
We can compare performance with the smallest considered Doppler frequency, which corresponds to the already agreed value in Rel-15 demodulation requirements, to choose max Doppler frequency. For 30 kHz for reference we should use double of this value – 800 Hz. The summary presented in the tables 1 and 2. Scenario with 2 additional DMRS symbols was assumed to show maximum possible degradation.  
Table 1. Performance loss compare to scenarios with smallest Doppler frequency for 15 kHz SCS

	15 kHz SCS
	600 Hz
	800 Hz
	1000 Hz

	∆SNR @70% max Thr
	0.3
	0.7
	1.3


Table 2. Performance loss compare to scenarios with smallest Doppler frequency for 30 kHz SCS

	30 kHz SCS
	1000 Hz
	1200 Hz
	1400 Hz
	1600

	∆SNR @70% max Thr
	0.3
	0.5
	0.7
	1.3


Observation #2: Performance loss is less than 1.5 dB for Max Doppler frequencies up to 1000 Hz and 1600 Hz compare to scenarios with 400 Hz and 800 Hz for 15 kHz and 30 kHz SCS respectively.
Taking into account results above, we suggest using 1000 Hz and 1600 Hz as max Doppler frequencies for requirements definition of HST scenario with fading channel conditions for 15 kHz and 30 kHz SCS respectively.
Proposal #1:
Define requirements for HST with multi-path channel conditions and use 1000 Hz and 1600 Hz as max Doppler frequency for 15 kHz and 30 kHz SCS respectively.
2.1.2 Number of additional DMRS symbols

In the tables 3 and 4 we presented comparison results of DMRS configurations with 2 and 3 additional symbols in terms of ∆SNR for 70% max throughput.
Table 3. Performance difference of DMRS patterns with 2 and 3 additional symbols for 15 kHz SCS

	15 kHz SCS
	400 Hz
	600 Hz
	800 Hz
	1000 Hz

	∆SNR @70% max Thr
	0.5
	0.7
	0.8
	1.4


Table 4. Performance difference of DMRS patterns with 2 and 3 additional symbols for 30 kHz SCS

	30 kHz SCS
	800 Hz
	1000 Hz
	1200 Hz
	1400 Hz
	1600

	∆SNR @70% max Thr
	0
	0.1
	0.1
	0.1
	0.2


It can be observed that performance difference of two considered options is rather negligible for 30 kHz SCS for all analyzed Doppler frequencies. For 15 kHz SCS the ∆SNR is less than 1.5 dB for all analyzed Doppler frequencies.
Observation #3: Performance degradation of scenario with 2 additional DMRS symbols compare to scenario with 3 symbols

· For 30 kHz SCS: is negligible for Doppler frequencies up to 1600 Hz.
· For 15 kHz SCS: is less than 1.5 dB for Doppler frequencies up to 1000 Hz 
Also, we should take into account that configuration with 3 additional DMRS symbols is optional feature. Obviously, from UE perspective it is beneficial to support this feature to provide more accurate channel estimation especially in such extreme conditions as HST. Same time, based on the simulation results, mandatory DMRS configuration with 2 additional DMRS also can guarantee reliable demodulation performance with small degradation comparing to 3 additional DMRS symbols. In this way we think that it is more reasonable to define HST multi-path test cases with mandatory DMRS configuration.
Proposal #2:
Use DMRS configuration with 2 additional DMRS symbols for NR HST multi-path test cases.
3 Conclusion

In this paper we presented discussion on demodulation performance requirements for HST scenario with multi-path channel conditions. Following proposals were made based on the analysis:

Proposal #1:
Define requirements for HST with multi-path channel conditions and use at 1000 Hz and 1600 Hz as max Doppler frequency for 15 kHz and 30 kHz SCS respectively.
Proposal #2:
Use DMRS configuration with 2 additional DMRS symbols for NR HST multi-path test cases.
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