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In the RAN4 #93 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:
· 1500 Hz
· 1667 Hz
· FDD 15 kHz SCS:
· 712 Hz
· 875 Hz
· 851 Hz
· Note: FFS on whether +/- 0.1 ppm UE DL frequency error or lower value should be used when determine the, maximum Doppler frequency 
· MCS for Rank 2:
· MCS 4, 13 or 17
· Note: MCS should be decided based on whether the maximum throughput can be achieved


In this paper we address remaining open issues related to max supported Doppler frequency and MCS value for requirement definition.
Discussion
Frequency tracking strategies for HST-SFN  
In the HST-SFN scenario with JT when UE is located around the middle point between two RRHs the relative receive powers of two strongest channel taps are comparable in magnitude and have high Doppler frequencies with opposite signs. In this case significant downlink performance degradation is observed for the legacy UE, which can only track a single Doppler shift and assumes the Jake’s Doppler power profile. Therefore, UE receiver processing should be enhanced to operate in such conditions. In the RAN4 #94 meeting per-UE capability was agreed to inform about support of enhanced processing for HST-SFN. The corresponding per-cell network assistance signaling to inform UE on HST-SFN deployment with JT was also defined. 
For enhanced frequency tracking the following strategies can considered:
1. Follow frequency of strongest channel tap
2. Follow “zero” frequency 
The follow strongest strategy assumes processing with combined channel characteristics for which any estimations of the frequency are mainly corresponded to the frequency of the strongest channel tap. In this case AFC mechanism will follow frequency of the strongest tap since it cannot distinguish between Doppler frequency and frequency offset. 
The follow “zero” strategy processes with characteristics of each channel tap which allows to distinguish between Doppler frequencies and frequency offset. In this case AFC can compensate only frequency offset errors and keep synchronization on zero. The effective frequency trajectories, which are observed at the UE side with different tracking strategies, are provided in the Figure 1.
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	Figure 1. Different strategies on frequency tracking in HST-SFN


Follow “zero” and follow strongest correspond to different max supported Doppler frequencies. 
If we consider follow “zero” strategy then max supported Doppler frequency will be limited by a theoretical limit of the frequency estimation. For instance, for 15 kHz SCS assuming TRS based tracking – max supported Doppler frequency will be limited by 1750 Hz. 
In case of the follow strongest strategy, frequency tracking algorithm should handle frequency jump in the middle point between two RRHs. Depending of the deployment geometry in the worst case this jump will be equal to the double of max Doppler frequency. Therefore, max supported Doppler frequency will be limited by a half of the theoretical limit of the frequency estimation. For 15 kHz SCS and TRS based tracking it will be equal to 875 Hz. 
The summary of the max supported Doppler frequency for different strategies is presented in Table 1.
Table 1. Max supported Doppler frequency for different strategies on frequency tracking in case of TRS based estimation
	
	15 kHz SCS
	30 kHz SCS

	
	Tracking capability, Hz
	Tracking capability, Hz

	Follow strongest 
	875
	1750

	Follow “zero”
	1750
	3500


Observation #1: Different UE frequency tracking strategies in HST-SFN with JT allow to support different max Doppler frequencies.
In a Figure 2 we present performance comparison analysis for scenarios with different frequency tracking strategies. For evaluations we chose MCS 15 with Rank 1 transmission and max Doppler frequencies 875 and 1500 Hz.
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	Figure 2. Demodulation performance comparison for scenarios with different frequency tracking strategies


Observation #2: With max Doppler frequencies higher than 875 Hz, follow strongest frequency tracking strategy do not allow to reach max throughput value. Same time at least for 1500 Hz max Doppler frequency with follow “zero” strategy reliable demodulation performance can be guaranteed.
Bases on the above observations follow strongest strategy is the worst case tracking procedure which limits the max supported Doppler frequency in HST-SFN scenario. Same time, modifications of a current NR design are required to support follow “zero” strategy (for example, distributed TRS transmission can be considered).
[bookmark: _Hlk24044487]Proposal #1:	Define UE demodulation requirements for HST-SFN JT scenario under assumption of follow strongest frequency tracking strategy.
Impact of DL frequency estimation error on max supported Doppler frequency determination
During the last meeting it was discussed that in order to define max supported Doppler frequency for HST-SFN scenario RAN4 also should consider margin on possible error in frequency offset estimation. For both frequency tracking strategies frequency estimation errors may lead to performance degradation if absolute error is high. 
For follow strongest procedure and middle point between two RRHs, if estimations before jump and after have errors with different signs then it will increase the range which estimation algorithm should cover. For follow zero procedure errors in frequency estimation can also degrade the performance. For instance, if two frequency estimations obtained on two strongest channel taps have the estimation error with same sign, the combination of this estimations do not allow to keep synchronization on zero frequency and in result AFC will shift frequency on equal value to estimation error.
In a Figure 3 we present the accuracy of frequency estimation to understand potential rage of error. 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 less than 15 Hz by absolute value. 
It was already agreed that performance requirements for HST-SFN with JT 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 a Figure 4 we present performance comparison for HST-SFN scenarios with two different max Doppler frequencies 712 and 875 Hz. The follow strongest strategy is assumed for evaluations.
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	Figure 4. Demodulation performance comparison of scenarios with different Max Doppler frequencies


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 875 and 1667 Hz Doppler frequencies. In this case we think that RAN4 should not take into account frequency estimation error in max supported Doppler frequency determination.
Proposal #2:	Do not take into account 0.1 ppm frequency estimation error in max supported Doppler frequency determination.
For requirement definition we suggest using the highest max Doppler frequencies from the captured options which do not assume impact of frequency estimation error.  
Proposal #3:	Use the following max Doppler frequencies for HST-SFN JT requirements:
· TDD 30 kHz SCS: 1667 Hz
· FDD 15 kHz SCS: 875 Hz
MCS value for requirement definition
In a Figure 5 we presented simulation results for proposed above max Doppler frequency for the follow strongest  tracking strategy to analyse demodulation performance and identify most suitable MCS value for requirements definition. For simulation assumptions we used already agreed deployment parameters and Rank 2 transmission.
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	Figure 5. Demodulation performance in HST-SFN with JT


Observation #3: DL demodulation performance in HST-SFN conditions with JT:
· For MCS 4(QPSK), MCS 13(16QAM): max throughput can be achieved for both 15 kHz and 30 kHz SCS.
· For MCS 17(64QAM): max throughput cannot be achieved for both 15 kHz and 30 kHz SCS.
Proposal #4:	Choose MCS 13 for both 15 kHz and 30 kHz SCS test cases for HST-SFN JT demodulation requirements definition.
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:	Define UE demodulation requirements for HST-SFN JT scenario under assumption of follow strongest frequency tracking strategy.
Proposal #2:	Do not take into account 0.1 ppm frequency estimation error in max supported Doppler frequency determination.
Proposal #3:	Use the following max Doppler frequencies for HST-SFN JT requirements:
· TDD 30 kHz SCS: 1667 Hz
· FDD 15 kHz SCS: 875 Hz
Proposal #4:	Choose MCS 13 for both 15 kHz and 30 kHz SCS test cases for HST-SFN JT demodulation requirements definition.
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