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In RAN #84 meeting a new WI on further performance enhancements for NR in high speed scenarios was approved [1]. In the previous RAN4 meeting (RAN4 #92bis) the majority of details of the requirements for HST-SFN with joint Tx scheme were finalized [2]. In this paper we address remaining open issue related to max supported Doppler frequency in this scenario. Also, based on the simulation results possible MCS value are discussed.
Discussion
Main limitation factors on max supported Doppler frequency
In the HST-SFN scenario with joint transmit (JT) operation, the relative receive powers of two strongest taps are comparable, and the Doppler frequencies for them are very high and with the opposite signs, when UE is located around the middle point between two RRHs. In this case significant downlink performance degradation is observed for the legacy UE, which can only track a single Doppler shift and may assume the Jake’s spectrum for Doppler spread, because of the imperfect frequency tracking and channel estimation. 
The main limitation factors on the max supported Doppler frequency for this scenario are:
1. Doppler frequency jump in the middle point between two RRHs, which should be tracked.
2. Fast channel variation which should be handled by RS and channel estimation algorithm.
Same time for frequency tracking and channel estimation we can consider different algorithms which allow supporting different max Doppler frequencies. Generally, we can consider time domain and frequency domain algorithms which correspond to per each channel tap estimation and per combined channel estimation, respectively.
In case of time domain processing, parameters estimation algorithms work with each channel tap separately which mean that for frequency tracking and channel estimation the limitation on max supported Doppler frequency is determined by the channel tap characteristics. In this case for time domain algorithms max supported Doppler frequency is equal to max Doppler frequency in channel. For example, for 15 kHz SCS:
· If we consider TRS based frequency tracking with 1750 Hz max handled frequency the max supported Doppler frequency will be equal to 1750 Hz.
· If we consider DMRS structure with 3 additional symbols for channel estimation with 2333 Hz limitation, the max supported Doppler frequency will be equal to the 2333 Hz.
· In total max supported Doppler frequency will be equal to the min limit value between limitation on the frequency tracking and channel estimation. For above example it is 1750 Hz.
In case of frequency domain processing, algorithms for frequency tracking and channel estimation works with combined channel which consists of the sum of the at least two taps.
For the worst case (i.e. middle point between two RRHs and both strongest channel taps have max Doppler component), frequency jump will be equal to double max Doppler frequency. It means that for frequency domain based frequency tracking algorithms max supported Doppler frequency is limited by the half of the max frequency shift which can be handled by these algorithms. Also, it is necessary to mentioned that frequency domain tracking algorithms might change effective channel characteristics. Since such algorithms cannot distinguish different Doppler components and follow the strongest, they compensate Doppler component on strongest tap and, in the same time, proportionally increase opposite Doppler frequency component. 
For channel estimation in frequency domain is not easy to analyze max supported Doppler frequency since to handle combine channel characteristics different channel equalization filters might be used and also limitation  on max handled frequency is determined by the frequency tracking algorithm since it can change effective channel characteristics For example, for conventional MMSE channel estimation with Jakes spectrum assumption on Doppler spectrum if we consider frequency domain frequency tracking which follow strongest Doppler component the channel estimation algorithm should be able to handle 4x Doppler since Doppler component on strongest channel tap will be compensated but on opposite tap  - doubly increased. In total we will have double Doppler spread which for Jakes spectrum model corresponds to the channel variation with 4x Doppler frequency. 
For frequency domain channel estimation with time domain frequency tracking the limitation will be equal to double Doppler since time domain algorithm can distinguish different Doppler components and do not require to follow one of them. 
Observation #1: Different UE receive algorithms have different limitations on the max supported Doppler frequency.
In the table 1 we summarized possible UE behavior and corresponding Doppler frequency values which should be handled in HST-SFN scenario. The options on receive processing are sorted from min to max implementation complexity.
Table 1. Limitations on the max supported channel Doppler frequency by different receive algorithms 
	
	Should be handled by frequency tracking algorithm
	Should be handled by channel estimation algorithm
	Total limitation

	Frequency domain frequency tracking + frequency domain CE
	Double max FD
	4 max FD
	4 max FD

	Time domain frequency tracking + frequency domain CE
	max FD
	Double max FD
	Double max FD

	Time domain frequency tracking + time domain CE
	max FD
	max FD
	max FD


Based on the above analysis in order to define max Doppler frequency which can be supported in HST-SFN scenario first of all RAN4 should discuss baseline UE behavior in this scenario. Since it was agreed to define network assistance signaling to inform UE about HST-SFN channel conditions, UE can switch receive processing from baseline solutions to more optimal for HST-SFN scenario and in results support higher Doppler frequency
[bookmark: _Hlk24044487]Proposal #1:	RAN4 should agree on the details of the baseline UE receive processing for HST-SFN with JT operation before discussion of the max supported Doppler frequency, since different algorithms have different limitations on the max Doppler frequency.
Max supported Doppler frequency
In the last meeting two options of the max Doppler frequency for HST-SFN with joint Tx scheme for each SCS value were captured for further down-selection: 712 Hz and 875 Hz for 15 kHz SCS; 1500 Hz and 1667 Hz for 30 kHz SCS. Besides that, other options between these two options are not precluded.
In context of HST-SFN 4 tap channel model it is reasonable to assume only 2 out of 4 taps in the middle point between the two RRHs since power of the far taps is rather negligible. In this case the max Doppler frequency between 2 taps will be:
	
	(1)


where ∆fD  – max Doppler frequency between 2 taps, 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 taps equal to 1.857∙ fD,max. Also, the max phase variation in frequency domain will be corresponds to the 1.857∙ fD,max Doppler frequency (not double which were assumed in paragraph 2.1).
Observation #2: For agreed deployments parameters max Doppler frequency which should be handled equal to 
1.857∙ fD,max.
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 frequency offset. Same time if consider that main limitation factor on max Doppler frequency is frequency shift jump in the middle point between two RRHs, frequency offset produced by UE local oscillator does not increase the max instantaneous frequency difference, since frequency offset affects all signals transmitted from all RRHs equally (Figure 1). It is mean that if frequency offset increases Doppler frequency on the strongest tap, then it decreases Doppler frequency on the second strongest tap, since Doppler frequencies on the two strongest taps have opposite signs. In this case frequency jump in the middle point is same for scenarios with and without UE frequency offset.
Therefore, RAN4 should not consider UE frequency error in discussion of max supported Doppler frequency for HST-SFN scenario with JT operation.
	

	Figure 1. Doppler shift trajectory with and without 0.1 PPM FO


Observation #3: Margin on frequency offset should not be considered to define max Doppler frequency for HST-SFN scenario.
For the analysis we can assume that UE use time domain frequency tracking + frequency domain channel estimation with Jakes spectrum assumption on Doppler spectrum. Since UE can distinguish different Doppler components by time domain tracking algorithm it does not require to follow one of them in terms of frequency adjustment (compensation) of its local oscillator. Also, this behaviour  is compromise solution in terms of implementation complexity and supported Doppler frequency.
According to the table 1, limitation on max supported Doppler frequency is determined by the channel estimation capability. Already agreed DMRS structure with 2 additional symbols has the limitations on the max handled Doppler frequency as 1750 Hz and 3500 Hz for 15 kHz and 30 kHz respectively. Considering above observations, we can evaluate max Doppler frequency for the agreed deployment by dividing max handled Doppler frequency on coefficient 1.857:
Table 2. Max supported Doppler frequency for NR HST-SFN with JT operation
	SCS
	Doppler frequency 

	15 kHz
	942 Hz

	30 kHz
	1884 Hz


Based on WID, max Doppler frequency for requirements definition is 1667 Hz. Therefore, taking into account previous agreements, we propose to define UE demodulation requirements for 870 Hz and for 1660 Hz for 15 kHz and 30 kHz SCS respectively.
Observation #4: For time domain frequency tracking + frequency domain channel estimation max supported Doppler frequency in HST-SFN scenario is limited by 870 Hz and 1660 Hz for 15 kHz and 30 kHz SCS respectively.
Simulation results
Simulation results for observed above max Doppler frequency are presented in Figure 2 to analyse demodulation performance and identify most suitable MCS value for requirement definition if for baseline UE processing time domain frequency tracking + frequency domain channel estimation will be assumed. For simulation assumptions we used already agreed deployment parameters and Rank 2 transmission. Other parameters are also aligned with agreed values on the previous meeting. 

	
	

	Figure 2. Demodulation performance 


Observation #5: DL demodulation performance in HST-SFN conditions with JT operation and frequency domain based receive processing:
· 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.
Conclusion
In this paper we presented discussion on demodulation performance requirements for HST-SFN scenario with JT operation. Following observations and proposals were made based on the analysis:
Observation #1: Different UE receive algorithms have different limitations on the max supported Doppler frequency.
Observation #2: For agreed deployments parameters max Doppler frequency which should be handled equal to 
1.857∙ fD,max.
Observation #3: Margin on frequency offset should not be considered to define max Doppler frequency for HST-SFN scenario.
Observation #4: For time domain frequency tracking + frequency domain channel estimation max supported Doppler frequency in HST-SFN scenario is limited by 870 Hz and 1660 Hz for 15 kHz and 30 kHz SCS respectively.
Observation #5: DL demodulation performance in HST-SFN conditions with JT operation and frequency domain based receive processing:
· 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 #1:	RAN4 should agree on the details of the baseline UE receive processing for HST-SFN with JT operation before discussion of the max supported Doppler frequency, since different algorithms have different limitations on the max Doppler frequency.
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15 kHz: 870 Hz max Doppler frequency
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30 kHz: 1660 Hz max Doppler frequency
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