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In RAN4 #94e-bis meeting, WF on UE demodulation for NR HST was agreed[1]. The following agreements on the performance requirements for HST-SFN scenario with joint transmission scheme were made:
	· Maximum Doppler frequency for 500 km/h:
· TDD 30 kHz SCS:
· 1667 Hz
· larger implementation margin of 1 dB instead of 0.5dB being added on top of average impairment simulation results
· FDD 15 kHz SCS:
· 870 Hz
· 851 Hz
· Target Speed:
· Do not define requirements for target speed of 350km/h for HST-SFN


In this paper we address remaining open issue related to max supported Doppler frequency for 15 kHz SCS.
Discussion
Max supported Doppler frequency determination
Two options on max Doppler frequency for scenario with 15 kHz SCS were considered for further discussion: 870 Hz and 851 Hz. The first one was derived assuming 0.1 PPM error of frequency estimation on UE side. The second one was derived without 0.1PPM frequency margin and rounded to the nearest frequency band (n2).
Based on TS 38.104, NR carrier shall be configured by the BS with the accuracy of ±0.05 or ±0.1 PPM depending on BS type. These requirements do not impact UE frequency estimation error which depends on UE frequency tracking implementation. In this case we should not mix UE frequency estimation error and accuracy of BS Tx frequency and should discuss impact of them separately.
Impact of frequency error
Bs Tx frequency error
Based on our understanding, Tx frequency error may lead to performance degradation only in case when nearest RRHs have significant frequency shifts with opposite signs. In this case frequency range, which UE should cover in the middle point between two RRHs is increased. Same time it is a not realistic scenario, since RRHs connect to one BBU and we can consider accurate frequency synchronization between them.
Observation #1: 0.1 PPM accuracy of BS Tx frequency does not impact UE demodulation performance in HST-SFN. 


UE frequency estimation error
Potentially, frequency estimation errors may lead to performance degradation if its absolute value is high. Considering follow strongest frequency tracking procedure[2] and middle point between two RRHs, if estimations before frequency jump and after have errors with different signs then it will increase the range which tracking algorithm should cover.
[bookmark: _GoBack]The main question here is the magnitude of the possible error in the frequency estimation. In Figure 1 we present the accuracy of frequency estimation to understand potential range. 1x1 antenna configuration and TRS based frequency estimation were assumed for performance evaluation.
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	Figure 1. Accuracy of frequency estimation


[bookmark: _Hlk32322674]Observation #2: The max error of frequency estimation is rather limited and for SNR values large than 0 dB it is less than 15 Hz by absolute value. 
Also, it was already agreed that performance requirements for HST-SFN will be defined for Rank 2 operation mode, which means that required SNR point will be rather high. Hence, frequency estimation error will be negligible. In Figure 2 we present performance comparison for HST-SFN scenarios with two different max Doppler frequencies 851 and 870 Hz.
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	Figure 2. Demodulation performance comparison of scenarios which consider 0.1 PPM frequency error and do not


It can be observed that, due to negligible error in frequency offset estimation, tracking algorithm can properly handle frequency jump in HST-SFN scenario with 870 Hz Doppler frequency. In this case we think that RAN4 should not consider frequency estimation error in max supported Doppler frequency determination.
Proposal #1:	Do not consider 0.1 ppm frequency estimation error for max supported Doppler frequency determination and use 870 Hz for 15 kHz SCS test cases.
Conclusion
In this paper we presented discussion on demodulation performance requirements for HST-SFN scenario with JT operation. The following proposal was made based on the analysis:
Proposal #1:	Do not consider 0.1 ppm frequency estimation error for max supported Doppler frequency determination and use 870 Hz for 15 kHz SCS test cases.
References
1. [bookmark: _Ref21012021][bookmark: _Hlk21019699][bookmark: _Ref21009160][bookmark: _Hlk21019686][bookmark: _Ref24091701]R4-2005532 “WF on UE demodulation for NR HST”, CMCC, RAN4 #94-e-bis, April 2020
1. [bookmark: _Ref37267011]R4-2000367 “Views on NR UE demodulation requirements for HST-SFN scenario with JT operation”, Intel, RAN4 #94-e, February 2020


7/7
image1.emf
-5 0 5 10 15 20

SNR, [dB]

0

5

10

15

20

25

30

35

|

E

r

r

o

r

|

,

 

[

H

z

]

Accuracy of frequency estimation

Mean absolute error


image2.emf
8 10 12 14 16 18 20 22 24

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

15 kHz SCS; MCS 13 Rank 2

851 Hz max Doppler frequency

870 Hz max Doppler frequency


