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In the RAN4 #94e meeting a 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
· 1500 Hz
· FDD 15 kHz SCS:
· 870 Hz
· 851 Hz
· MCS for Rank 2:
· 13
· Target Speed:
· FFS on whether to introduce requirements for target speed of 350 km/h


In this paper we address remaining open issues related to max supported Doppler frequency and requirements definition for 350 km/h UE speed besides 500 km/h. Also, analysis on special slot performance in HST-SFN conditions is presented below.
Discussion
Max supported Doppler frequency determination
During the last meeting two main problems were discussed to determine max supported Doppler frequency: impact of DL frequency estimation error and impact of receive signals from the farthest RRHs. 
The options on max Doppler frequencies for scenario with 15 kHz SCS were derived with and without 0.1 PPM frequency error margin (assumption that was used in LTE): 851 Hz and 870 Hz respectively. The corresponding calculations are presented in Annex A.
For 30 kHz SCS scenario max proposed Doppler frequency in WID for study (1667 Hz) is less than value which can be derived with frequency error margin. Therefore, problem of frequency error margin is considering only for 15 kHz SCS scenario. Same time for 30 kHz SCS another factor which can impact the max supported Doppler frequency was raised during the meeting: impact of receive signals from the farthest RRHs which relative delay can be higher than CP length. The following values were captured for further discussion with and without considering the above problem: 1500 Hz and 1667 Hz respectively.
In the paragraphs below we present our view on the mentioned problems.
Impact of DL 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 estimation algorithm should cover. 
The main question here is the magnitude of the possible error in frequency estimation. In a 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 3. 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 4 we present performance comparison for HST-SFN scenarios with two different max Doppler frequencies 851 and 870 Hz.
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	Figure 1. 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 frequency tracking algorithm can properly handle frequency jump in HST-SFN scenario with 870 Hz Doppler frequencies. 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 for 15 kHz SCS scenario.
Impact of receive signals from farthest RRHs on max supported Doppler frequency.
In case of 30 kHz SCS under HST-SFN scenario the receive signals from the farthest RRHs have relative time offset which can exceed CP length and in result produce inter-symbols interference. To reduce negative impact of the interference signals it was proposed to reduce max Doppler frequency from 1667 Hz to 1500 Hz. 
Same time the overall impact of interference signals on the demodulation performance is negligible since the relative power of this signals is rather low. In the Figure 2 we present relative delay and relative power trajectories for HST-SFN channel model. 
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	Figure 4. Relative power and delay level trajectories for HST-SFN channel model 


Observation #2: The power of interference signals is less than power of signals from nearest RRHs at least on 9 dB.

Since the power difference between signals from nearest and farthest RRHs is rather high, we can almost ignore the impact of interference signals on max supported Doppler frequency determination. To prove this in the Figure 3 we present demodulation performance comparison of scenarios with and without interference signals impact (i.e. 1500 Hz and 1667 Hz max Doppler frequency respectively).
	[image: ]

	Figure 3. Demodulation performance comparison of scenarios which consider interference signals impact and do not


Observation #3: Demodulation performance of scenarios with 1667 Hz and reduced 1500 Hz max Doppler frequency is almost same. 
Proposal #2:	Do not consider impact of receive signals from farthest RRHs on max supported Doppler frequency determination for 30 kHz SCS scenario.

To sum up, for requirement definition we suggest using the highest max Doppler frequencies from the captured options for both SCS.
Proposal #3:	Use the following max Doppler frequencies for HST-SFN JT requirements:
· TDD 30 kHz SCS: 1667 Hz
· FDD 15 kHz SCS: 870 Hz
Requirements definition for 350 km/h UE speed
In the last meeting, one of the open issues was whether to define performance requirements for 350km/h UE speed under HST-SFN scenario. 
From functional perspective point of view the advanced UE receive processing in HST-SFN does not depend on the speed and will be same for 350 km/h and 500 km/h. From performance perspective point of view scenario with 350 km/h may support higher MCS value than 500 km/h since Doppler frequency is less. Same time the main motivation factor of HST-SFN requirements introduction is functional verification not performance. 
In the Table 1 and Table 2 performance comparison of these two scenarios is presented for 15 kHz SCS and for different MCS values. For 500 km/h UE speed max Doppler frequency was assumed as 870 Hz. For 350 km/h – two options were considered: 609 Hz and 778 Hz. The first one was derived assuming the same Doppler frequency proportion as a speed proportion (). The second one based on proportion of LTE Doppler frequencies for 500 km/h and 350 km/h HST-SFN test cases (). The results are presented for 70%@max throughput in the Table 1. The Table 2 show max achievable normalized throughput. The all throughput curves are presented in Annex B.
Table 1. Demodulation performance at 70%@max throughput for different Doppler frequencies
	
	MCS 13
	MCS 14
	MCS 15
	MCS 16
	MCS 17

	609 Hz
	9.5
	10.9
	12.4
	13.5
	13.5

	778 Hz
	9.7
	11
	12.7
	13.9
	13.8

	870 Hz
	9.8
	11.2
	12.9
	14.2
	14

	Max Delta
	0.3
	0.3
	0.5
	0.7
	0.5



Table 2. Max achievable normalized throughput
	
	MCS 13
	MCS 14
	MCS 15
	MCS 16
	MCS 17

	609 Hz
	> 99%
	> 99%
	> 99%
	> 98 % 
	> 98 % 

	778 Hz
	> 99%
	> 99%
	> 98 % 
	> 98 % 
	> 98 % 

	870 Hz
	> 99%
	> 99%
	> 98 % 
	> 96 %
	> 98 % 


Observation #4: Scenario with 500 km/h compare to scenarios with 350 km/h UE speed:
1) Performance loss on 70%@ max achievable throughput is less than 0.7 dB for MCS values from 13 to 17.
2) The max achievable throughput is less on 1% for MCS 15, 17 and less on 2% for MCS 16. 
Observation #5: Performance gain that can be achieved by reducing UE speed from 500 km/h to 350 km/h in HST-SFN is small. 
Besides possible performance benefits another aspect was mentioned to define requirements for 350 km/h UE speed. Potentially there can be some NR UEs which support 350 km/h and do not support 500 km/h and we need to have corresponding HST-SFN requirements for them. But it was already agreed to have single capability signaling for HST-SFN with up to 500 km/h. In this case these UEs will not be tested anyway. In this case it is not reasonable to define corresponding performance requirements.
Considering small performance gain and already agreed to have one UE capability for HST-SFN we suggest not defining performance requirements for other UE speed than 500 km/h. 
Proposal #4:	Do not define HST-SFN demodulation requirements for lower UE speed than 500 km/h.
Special slot performance
Special slot in already agreed TTD pattern has only one DMRS symbol than can be not enough for high speed conditions. Demodulation performance loss when data is scheduled in special slot was observed for HST fading conditions[3]. In this case it was proposed to also check HST-SFN scenario on potential performance degradation. Performance comparison of scenarios when data is scheduled and do not scheduled in special slot is presented in the Figure 4 
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	Figure 4. Impact of special slot performance on overall test case


Observation #6: Poor demodulation performance of special slots does not allow to achieve max throughput in HST-SFN scenario. 
One of the main principles of performance test cases is can be a reference to show what system can provide and cannot. Therefore, we think it is not reasonable to define test case with test setup which does not allow to achieve maximum performance.
Proposal #5:	Do not schedule data in TDD special slots in HST-SFN test cases to achieve maximum throughput.
Conclusion
In this paper we presented discussion on demodulation performance requirements for HST-SFN scenario with JT operation. The following proposals were made based on the analysis:
Proposal #1:	Do not consider 0.1 ppm frequency estimation error for max supported Doppler frequency determination for 15 kHz SCS scenario.
Proposal #2:	Do not consider impact of receive signals from farthest RRHs on max supported Doppler frequency determination for 30 kHz SCS scenario.
Proposal #3:	Use the following max Doppler frequencies for HST-SFN JT requirements:
· TDD 30 kHz SCS: 1667 Hz
· FDD 15 kHz SCS: 870 Hz
Proposal #4:	Do not define HST-SFN demodulation requirements for lower UE speed than 500 km/h.
Proposal #5:	Do not schedule data in TDD special slots in HST-SFN test cases to achieve maximum throughput.
References
1. [bookmark: _Ref21012021][bookmark: _Hlk21019699][bookmark: _Ref21009160][bookmark: _Hlk21019686][bookmark: _Ref24091701]R4-2002418 “WF on UE demodulation for NR HST”, CMCC, RAN4 #94-e, March 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
1. [bookmark: _Ref37267133]R4-2001737 “Simulation results for HST Multipath fading channels”, Ericsson, RAN4 #94-e, February 2020
Annex A
Max supported Doppler frequency calculation
· To calculate max supported Doppler frequency, we need take into account limitation from tracking algorithm, deployment parameters and assumption on frequency estimation error. Let is consider conventional follow strongest tracking strategy in which UE needs to estimate frequency jump between two RRHs. The max difference between Doppler frequencies is determined by deployment parameters and calculated as follows:
	[bookmark: _Hlk37016639][image: ]
	(1)


where ∆fD  – max Doppler frequency between 2 RRHs, fD,max – max Doppler frequency in channel, Ds – inter RRH distance, Dmin – distance to the railway track. In accordance to the agreed deployment parameters, Ds = 750 m and Dmin = 150 m max Doppler frequency between two RRHs equal to 1.838∙ fD,max
· If we assume 0.1PPM frequency estimation error margin, then concrete value can be derived as:
                      
	                          
	(1)


    where fmargin  – frequency estimation error margin, c – speed of light, SUE – speed of UE. 
· In total, UE should be capable to estimate max Doppler frequency between two RRHs + frequency estimation error margin. In other hand
· The max frequency which can be estimated by UE is determined by TRS signals design and equal to 1750*2μ, where μ is NR subcarrier spacing configuration. For example, let is consider 15 kHz SCS with 1750 Hz max handled frequency. In this case we can write the following equation to calculate max supported Doppler frequency with follow zero tracking strategy under assumption of 0.1PPM frequency error: 
 
	                          
	(3)


If we resolve above equation considering 500 km/h UE speed, we will get max supported Doppler frequency as 851 Hz.
Annex B
Simulation results to compare scenarios with 500 km/h and 350 km/h UE speed
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