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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]The WF on UE demodulation for NR HST was approved in RAN #92 meeting [1]. Companies were encouraged to study the feasibility and performance for HST-SFN with dynamic point selection (DPS) transmission. In this contribution, we elaborate three options for HST-SFN deployment and analyze corresponding channel models from view point of UE demodulation. Finally, the simulation results and analysis for HST SFN scenario are provided.
2	HST-SFN Deployments
2.1 Option 1: Four Paths Joint Transmission
As the figure 2.1, all RRHs/sectors share the same SSB index (so as TRS/PDCCH/PDSCH). UE receives signals from four RRHs/sectors with channels like the LTE 4-tap HST channel model. UE suffers positive and negative Doppler frequency at the same time. All RRHs transmit the same data to UE. Therefore, there is no need to do handover when moving through RRH. By this scheme, L1 RSRP report for tracking other SSB/TRS beam is not required and data interruption due to handover can be avoided. 
[image: ]
Figure 2.1 HST-SFN deployment option 1: joint transmission

2.2 Option 2: Two Paths Unidirectional DPS Transmission
Each RRH have two SSB beams which are SSB0 and SSB1 transmitted from two sectors alternatively. UE receives data from two RRHs with the direction chosen by larger signal strength with one SSB index. UE suffers either positive or negative Doppler frequency at the same time. So that it may ease demodulation complexity. However, UE needs to monitor the SSB/TRS for the two beams, which increase UE’s complexity on time/frequency synchronization. Further, when UE travels across the boundary of different beams, data interruption or latency is inevitable since TCI change for PDCCH would require MAC-CE deactivation/activation. As the figure 2.2, UE switches beam (SSB index) per half distance of RRH spacing. From view of base station, there is possibility to increase capacity by SDMA.

[image: ]
Figure 2.2 HST-SFN deployment option 2: two paths unidirectional DPS transmission

2.3 Option 3: Two Paths Bidirectional DPS Transmission
Different from the option 2, UE receives both of toward and away beams from adjacent two RRHs with the same SSB index. UE suffers up to two paths with one positive and one negative Doppler frequency. Less frequent L1-RSRP report and TCI change happens for UE in this scenario. Beam switch is made per distance of RRH spacing. Same potential gain to increase capacity by SDMA can be obtained.
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Figure 2.3 HST-SFN deployment option 3: two paths bidirectional DPS transmission
3	Channel Models and Analysis
To properly analyse the impact of HST deployment from different aspects, antenna radiation pattern of directional beam would be taken into account for practical concern. The antenna radiation pattern used in TR [3] as figure 3.1 is used for the study of the three deployment options in this paper. All options can be derived from HST-SFN 4 tap channel model with disabling paths of proper RRHs and applying directional antenna pattern. Modelling of path power is shown in Appendix B and modelling of tap delay and Doppler frequency is similar to HST-SFN 4 tap channel which can be referred to the technique report [3] and [4] and omitted in this paper. The channel models corresponding to option 1~3 can be derived from the illustration in the figure 2.1~2.3:
· Option 1: 4-tap bidirectional channel
· Option 2: 2-tap unidirectional channel
· Option 3: 2-tap bidirectional channel 
Based on the channel models of different options, we provide following analysis from RSRP and demodulation performance perspective.


Figure 3.1 Antenna radiation pattern for directional beam
3.1 Relative Path Power Profiles Analysis
The path power profiles for three deployments are plotted based on the following parameters as table 3.2.
Table 3.2 Parameters for path power profile
	Configuration
	
	
	

	Configuration 1
	1000 m
	50 m
	45°

	Configuration 2
	750m
	150m
	50°


First, we take Option 1 as an example to compare 4 taps bidirectional channel with different configurations. By Figure 3.2 and Figure 3.3, it is shown that parameters including beam direction, , and  affect power profile. Relative power difference for location B and C can be up to 35dB for configuration 1, which is much larger than that of configuration 2. Besides, antenna radiation pattern affects signal coverage of RRH. With proper radiation pattern design, signal coverage may be improved.
Observation #1: Beam direction, , , and antenna radiation pattern affect signal coverage. Those parameters can be further studies for better UE experience in HST-SFN deployment.
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Figure 3.2 Path power profile for 4 taps bidirectional channel for configuration 1
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Figure 3.3 Path power profile for 4 Taps bidirectional channel for configuration 2
The path power profiles for Option 2 and Option 3 for Configuration 1 are illustrated in Figure 3.4 and 3.5, respectively. It can be shown that from RSRP point of view, under the same deployment (, , and antenna radiation pattern, etc.) the three options will have similar coverage (in terms of total received power) as long proper SSB beam is selected. 
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Figure 3.4 Path power profile for 2 taps unidirectional channel for configuration 1

 [image: ]
Figure 3.5 Path power profile for 2 taps bidirectional channel for configuration 1


3.2 DEMOD Performance Analysis
For better illustration and explanation, we mark location A as position which is closest to RRH, location B as position where the strongest path power occurs, and location C as middle position between two RRH, as shown in Figure 3.2.
A. In location A:
· There is large signal power drop due to angle of 45 degree within stopband of beam pattern. This may result in performance degradation. The loss may be improved by adding RRH nearby or adjusting deployment parameters such as beam direction, , , and antenna radiation pattern, as our claim in Observation 1.
B. In location B: 
· The path from RRH closest to UE dominates UE total received power for all options, which is shown through Figure 3.2~ Figure 3.5. It is over 30dB stronger than paths from other RRHs, which can be almost negligible for UE demodulation. It is expected UE demodulation performance of this region is similar among three channel models.
C. In location C: 
· It is observed signal paths from farer RRHs are weaker than those from nearby RRHs by about 20dB by comparing figure 3.2 and figure 3.5. It is expected that there is similar demodulation performance for 4-tap and 2-tap bidirectional schemes. 
· On the other hand, in Option 3, UE receives two paths with Doppler frequency of the same direction for 2 tap unidirectional channel. One path is stronger than another by about 20 dB or above. It results in UE experiences the channel like one tap HST scenario. Therefore, it is expected performance of 2 tap unidirectional channel is better than that of 2 tap bidirectional channel.
We compare PDSCH performance with different MCS and SNR in Table 3.2. It should be noted that the path power of all three models has been normalized to have same total power. Other settings can be referred in Appendix A.
Table 4.1 Required SNR (dB) @ 70% Tput for HST cases
	FDD 15kHz SCS

	Doppler 
	MCS
	4 tap bidirectional channel
	2 tap unidirectional channel
	2 tap bidirectional channel

	875 Hz
	4
	-0.35
	-0.32
	-0.36

	875 Hz
	13
	7.42
	7.57
	7.39

	972 Hz
	4
	0.54
	-0.31
	0.51

	972 Hz
	13
	11
	8.55
	10.5

	1250 Hz
	4
	1.82
	1.68
	1.82

	1250 Hz
	13
	Error flow
	Error flow
	Error flow

	

	TDD 30kHz SCS

	1667 Hz
	4
	-0.21
	-0.23
	-0.24

	1667 Hz
	13
	8.48
	8
	8.42

	1667 Hz
	17
	Error flow
	12.2
	Error flow

	1500 Hz
	4
	-0.19
	-0.24
	-0.21

	1500 Hz
	13
	8.8
	7.96
	8.66

	1500 Hz
	17
	Error flow
	12.2
	Error flow



The results conform to our analysis above, which lead us to following observations:
Observation #2: UE has similar demodulation performance for Option 3 (HST 2 taps bidirectional channel) and Option 1 (HST 4 taps bidirectional channel).
Observation #3: Demodulation performance for Option 2 (HST 2 taps unidirectional channel) is better than Option 3 (HST 2 taps bidirectional channel) or Option 1 (HST 4 taps bidirectional channel).

4	Comparison among HST-SFN deployment options
Besides the analysis from DEMOD performance, we also investigate the impact from beam management perspective in our companion Tdoc [5]. Following observations and proposals are made:
[bookmark: _Ref20684793]“Observation 4: Fail to trigger TCI-state switch when UE is much closed to RRH would results a poor decoding performance for an interval of 3 sec in every 7 sec. This is a high impact to user experience. “
[bookmark: _Ref20684798]“Proposal 1: RAN4 to consider other DPS transmission schemes to avoid TCI-state switch when UE is much closed to the RRH. ”
Though the analysis was done by comparing Option 1 and Option 2 in [5], the principle can be applied as well for Option 3. Difficulty of TCI-state switch also exists in option 3 due to the same reason: network has no idea about the L1-RSRP of the weaker beam when UE is much closed to the RRH.
Table 4.1 Comparison for HST-SFN deployment options
	
	Option 1: 
	Option 2: 
	Option 3: 

	Channel model
	4 tap bidirectional channel
	2 tap unidirectional channel
	2 tap bidirectional channel

	Doppler frequency
	Two positive tones and two negative tones
	Either Two positive tones or two negative tones
	One positive tone and one negative tone

	Beam switch
	Not required
	Required
	Required

	Beam switch periodicity
	N/A
	
	

	Beam switch robustness
	N/A
	Low
	Low

	Demodulation performance
	Normal
	High
	Normal



Besides above mentioned aspects, additional UE complexity is required for DPS schemes (both Option 2 and Option 3). For example, UE need to keep monitoring both SSB beams which may increase time/freq. tracking complexity. Further, to facilitate proper beam switching between different SSB beams, it required UE to perform frequent L1-RSRP measurement and report. 

According to the analysis, DPS scheme based on Option 2 with 2-tap unidirectional channels does provide some benefits from DEMOD performance point of view. However, whether the gain can be realized still depends on robustness of beam switching. Therefore we suggest to further study any DPS scheme that may improve beam management robustness. 
Proposal #1: Further study on any DPS scheme based on Option 2 with improved beam switching robustness.


5	Conclusions
In this contribution we provided channel power profile and simulation results for three HST deployments. Following observations and proposals were made:
Observation #1: Beam direction, , , and antenna radiation pattern affect signal coverage. Those parameters can be further studies for better UE experience in HST-SFN deployment.
Observation #2: UE has similar demodulation performance for Option 3 (HST 2 taps bidirectional channel) and Option 1 (HST 4 taps bidirectional channel).
Observation #3: Demodulation performance for Option 2 (HST 2 taps unidirectional channel) is better than Option 3 (HST 2 taps bidirectional channel) or Option 1 (HST 4 taps bidirectional channel).
Proposal #1: Further study on any DPS scheme based on Option 2 with improved beam switching robustness.
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Appendix A: Simulation Assumption

Table A.1 Simulation assumption for HST-SFN channel
	Parameter
	Value

	
	FDD 15KHz SCS
	TDD 30KHz SCS

	Antenna configuration
	2x2;

	Precoding scheme
	Random precoding based on type1 single panel codebook, bundle size 2

	Front loaded DMRS symbol
	L0=2

	DMRS type
	type 1

	Number of DMRS symbols
	· DMRS 1+1+1 

	MCS
	MCS 4; MCS 13; MCS 17 based on 64QAM table

	Propagation condition
	HST-SFN

	TDD pattern
	DDDDDDDSUU ,S(6D:4G:4U)

	TRS periodicity
	10ms, 2 slot TRS

	PDSCH mapping
	Type A, Start symbol 2, Duration 12

	Ds and Dmin
	Ds=1000m, Dmin=50m

	Rank
	Rank = 2

	BW
	10MHz
	40MHz

	Maximum Doppler shift
	· For 500km/h
· Option 1: 1250Hz
· Option 2: 875Hz 
· Option 3: 972Hz
	· For 500km/h
· Option 1: 1667Hz
· Option 2: 1500Hz


	Testing metric
	SNR @70% of maximum throughput

	
	


Table A.2 Simulation Parameters for HST Channel Setting
	Ds
	Dmin
	

	1000 m
	50 m
	45°




 
Appendix B: Modeling of Signal Power
The signal power received by the UE from each respective path is given by

where is RRH spacing; is distance of RRH and rail;  is angle of beam direction as figure 3.2




Table B.1 Chanel models for deployment options
	Deployment
	Channel Model
	
	

	Option 1
	HST 4 taps bidirectional channel
	
	


	Option 2
	HST 2 taps unidirectional channel
	

	


	Option 3
	HST 2 taps bidirectional channel
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Figure B.2 Beam Direction with Angle of 
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