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1 Introduction

In the RAN4 #93 meeting WF on UE demodulation for NR HST was agreed [1]. The following agreements on the performance requirements for HST single tap scenario were made:

	· Maximum Doppler frequency:

· FDD 15 kHz SCS:
· 1250 Hz

· 875 Hz
· MCS for Rank 1:
· MCS 13 or 17

· Note: MCS should be decided based on whether the maximum throughput can be achieved

· Requirements definition:

· Option A: define requirements based on worst case and UE performs multi-shot TRS-based time/freq tracking

· Option B: Define requirements under assumption that UE is aware on HST single tap conditions and can adjust time/freq tracking algorithms

· Further study how UE can become aware on conditions

· Option 1: UE detects the conditions

· Option 2: rely on agreed NR HST RRM enhancement network assistance signalling

· Option 3: additional network assistance is provided 


In this paper we address remaining open issues related to max supported Doppler frequency, MCS value and provide our view on HST single tap test case definition in order to guarantee reliable demodulation performance. 
2 Discussion
2.1 Max Doppler frequency
In the previous RAN4 meeting two options on max Doppler frequency for HST single tap with 15 kHz SCS were captured for further down selection: 875 Hz and 1250 Hz. For 30 kHz SCS it was already agreed to use 1667 Hz.
For DL reception UE is expected to perform continuous FO tracking and apply LO adjustment to match the RX signal carrier frequency. For this purpose, dedicated reference signals TRS were introduced and can be assumed as a baseline resources for frequency offset tracking. Current TRS design allows to track up to 1750 Hz for 15 kHz. It means that both 875 Hz and 1250 Hz Doppler frequencies in HST single tap scenario can be handled and there is no difference between these options from UE performance perspective.
In a parallel discussion on HST BS demodulation requirements RAN4 agreed to define PUSCH demodulation requirements for HST Single tap scenario with 1740 and 3334 Hz max Doppler frequencies for 500 km/h UE speed. In general case it is not reasonable to define DL demodulation requirements for a certain max Doppler frequency in case that the corresponding scenario cannot be supported in UL direction. Therefore, we suggest aligning of BS and UE demodulation requirements. 

For UL and DL test cases with 30 kHz SCS max Doppler frequency are fully align. To align 15 kHz SCS requirements in the RAN4 #93 meeting it was proposed to use 875 Hz for DL test case assuming that UL requirements will be defined for 1750 Hz. Same time RAN4 agreed on small reduction of max Doppler frequency to 1740 Hz. In this case we propose to use 870 Hz max Doppler frequency for DL requirements.
Proposal #1:
For 15 kHz SCS test case use maximum Doppler frequency equal to 870 Hz
2.2 Requirements definition

For requirements definition two options related to UE receive processing strategy were captured for further down-selection:

· Define requirements based on a worst case that UE performs multi-shot TRS-based time/freq tracking

· Define requirements under assumption that UE is aware on HST single tap conditions and can adjust time/freq tracking algorithms
Multi-shot TRS processing is a conventional solution for usual multi-path low speed conditions which leads to more accurate time/frequency tracking especially in low SNR region[2]. 
Same time channel conditions in single tap HST scenario considerably differ from multi-path low speed conditions since this model has a specific Doppler shift trajectory with sharp changes of Doppler frequency from positive to negative value and vice versa. In this case systematic residual frequency error was observed for TRS based frequency tracking and moreover multi-shot processing increases this error in comparison to one-shot[2].
In the Figure 1 envelopes of the max achievable throughput for different SNR values are presented for both methods of tracking. Also, in the right side of the Figure 1 results to show throughput loss of multi-shots frequency offset tracking compare to one-shot are presented.
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	Figure 1. Performance difference of scenarios with one-shot and multi-shot frequency offset tracking 


Observation #1: DL demodulation performance:
· For baseline FO tracking procedure with multi-shot processing, maximum throughput value cannot be reached for all MCS values and both 15 kHz and 30 kHz SCS.

· For FO tracking procedure with one-shot processing max throughput can be reached for the most MCS values.

· In scenario with multi-shot processing in FO tracking performance loss is increased with increasing MCS value and can be up to 8.4% of max achievable throughput in scenario with one-shot processing. 
Based on the above results we can conclude that with multi-shot frequency offset tracking we cannot guarantee reliable demodulation performance even for small MCS values. In this case we propose to define requirements under assumption of one-shot processing.

Proposal #2:
Define UE demodulation requirements under assumption that UE is informed on HST Single tap conditions
RAN4 captured several options for study how UE can become aware on HST single tap conditions:
· Option 1: UE detects the conditions

· Option 2: rely on agreed NR HST RRM enhancement network assistance signaling
· Option 3: additional network assistance is provided
In Table 1 we show which scenarios are covered by already agreed HST RRM and Demodulation related network assistance signaling.
Table 1. Possible network indicators of different scenarios 

	
	Low mobility scenario
	HST Single tap
	HST multi-path
	HST-SFN

	Indicator
	-
	-
	-
	HST-SFN demodulation network assistance signaling 

	
	
	HST RRM network assistance signaling


If we consider the first option, then UE needs to distinguish between low/high mobility scenarios and between multi-path/single tap scenarios in order to detect HST single tap conditions. This additional processing will result in increased UE implementation complexity. In this case the compromise solution is using network assistance signaling + some additional information which is already available on UE side.
In high speed deployments we can assume that enhanced RRM requirements will be always applied and corresponding network assistance will be always configured otherwise system performance will be poor. Relying on this signaling UE can first distinguish between low and high mobility scenarios without any additional processing. After that, UE can use conventional estimations of channel characteristics like RMS delay spread to distinguish between multi-path and single tap scenarios.

Based on the above observations, we think that using of HST RRM network signaling should be sufficient to allow UE to make decision on more suitable frequency tracking algorithm. Therefore, we suggest using of option 2 and propose to provide HST RRM enhancement network assistance signaling to UE during the HST Single tap demodulation test.
Proposal #3:
Use already agreed NR HST RRM enhancement network assistance signalling to inform UE on HST Single tap conditions. Provide this signalling to UE during the HST Single tap demodulation test
In this case to avoid any confusion and be clearer from system design perspective we think that RAN4 should clarify the name of the agreed HST RRM network assistance signaling since it can be applicable not only for RRM but also for demodulation performance enhancements. For example, it can be done in the following manner to make the naming of signaling more generic covering both RRM and demodulation aspects: 

HighSpeedConfig-r16 ::=


SEQUENCE {


highSpeedEnhancedFlag-r16



ENUMERATED {true}



OPTIONAL,
-- Need OR


}

Proposal #4:
Ask RAN2 to design NR HST RRM enhancement network assistance signalling in more generic form

2.3 MCS
In the previous meeting it was agreed that MCS value should be decided based on the simulation results and ensure that the maximum throughput can be achieved. Detailed simulation assumption for results alignment plan was agreed in the previous RAN4 meeting [1]. Based on the results provided in the Figure 2 maximum throughput (normalized thr. > 0.99) can be achieved for both MCS values 13 and 17 and for both SCS 15 kHz and 30 kHz SCS. For MCS definition we prefer to have highest one MCS value for both SCS. Therefore, we propose to use MCS 17.
	[image: image5.emf]3 4 5 6 7 8 9 10 11

SNR, dB

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

N

o

r

m

o

l

i

z

e

d

 

t

h

r

o

u

g

h

p

u

t

HST Single tap; Rank 1

15 kHz SCS;  870 Hz Max Doppler frequency; MCS 13

15 kHz SCS;  870 Hz Max Doppler frequency; MCS 17

30 kHz SCS;  1667 Hz Max Doppler frequency; MCS 13

30 kHz SCS;  1667 Hz Max Doppler frequency; MCS 17



	Figure 2. Demodulation performance in HST single tap


Proposal #5:
For both 15 kHz and 30 kHz SCS in Single tap HST test cases use MCS 17
3 Conclusion

In this paper we presented discussion on demodulation performance requirements for HST Single tap scenario. We provided our view on max Doppler frequency, MCS value and requirement definition procedure.  

In summary, the following proposals were made:  
Proposal #1:
For 15 kHz SCS test case use maximum Doppler frequency equal to 870 Hz

Proposal #2:
Define UE demodulation requirements under assumption that UE is informed on HST Single tap conditions
Proposal #3:
Use already agreed NR HST RRM enhancement network assistance signalling to inform UE on HST Single tap conditions. Provide this signalling to UE during the HST Single tap demodulation test
Proposal #4:
Ask RAN2 to design NR HST RRM enhancement network assistance signalling in more generic form

Proposal #5:
For both 15 kHz and 30 kHz SCS in Single tap HST test cases use MCS 17
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