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1	Introduction
During the last RAN4 103-e meeting, companies discussed the details of the enhancement on HST-SFN deployment for FeMIMO. A WF [1] was approved to carry all achieved agreements.
However, there are still many open issues that need to be further discussed. 
For the test scope, it is still undetermined whether to introduce PDSCH requirements for HST-SFN scheme B. It shall be also discussed on the modeling of TRP pre-compensation for scheme B. For the test parameters, Doppler shift value needs to be decided based on the simulation results. 
In this contribution, we will share our views on those open issues and give our initial simulation results for information.
2	Discussion
2.1 SFN scheme A 
2.1.1 Maximum Doppler shift and MCS
According to the agreed WF [1], the maximum Doppler shift is still undetermined. The following agreements are captured from the WF [1]:
	Issue 2-2-1: Maximum Doppler shift 
· RAN4 will make the final decision about the value of Maximum Doppler shift in RAN4#104-e meeting based on the simulation results, e.g., compare the required SNR to achieve 70% of peak rate with MCS17 (or MCS13) with rank 2.
· Option 1: 870Hz (baseline)
· Option 2: 972Hz
· Encourage interested companies to provide the simulation results for both Options in RAN4#104-e meeting.



Companies are encouraged to provide simulation results for both option 1: 870Hz and option 2: 972Hz in this meeting. 
Meanwhile, in the last RAN4 #103-e meeting, according to the WF [1], it was agreed to consider MCS17 and rank 2 as the baseline:
	Issue 2-2-2: MCS & Rank 
· MCS17 rank 2 as the baseline. 
· RAN4 may consider MCS13 rank 2 according to the simulation results



Regarding the maximum Doppler shift, with HST-SFN scheme A, the main difference from Rel-16 HST-SFN is UE is capable of ‘sfnSchemeA’ where UE can estimate Doppler shift per TRP with dedicated TRS. 
In Rel-16 HST-SFN, UE (capable of demodulationEnhancement-r16) need to estimate Doppler shift per TRP with single TRS. If UE estimates Doppler shift from TRS, it is possible to estimate up to 1750Hz with SCS=15kHz because of 4 symbol duration. The reason RAN4 set fmax=870Hz in Rel-16 HST-SFN was because the single TRS resource is the combination of signals received from several TRPs where the Doppler shift from one TRP is +fmax and from another TRP is -fmax, in the worst case. Therefore, the maximum Doppler shift should be less than 875Hz (half of 1650Hz). 
In Rel-17 HST-SFN scheme A, on the other hand, UE only need to assume one TRP per TRS. Therefore, theoretically, it is possible to assume the maximum Doppler shift up to 1650Hz for SCS=15kHz, which is same assumption as Rel-16 HST single tap scenario.
We also think setting fmax=972Hz is important to guarantee the UE performance with 500km/h in FDD low band (band n1 2.1GHz) as requested by operators.
As for the MCS value, MCS13 is reasonable since it was the configuration of previous Rel-16 HST SFN test set-up. MCS17 can be also considered if max throughput can be achieved at a reasonable SNR point (not too high). 
To summarize, there are 4 combinations of candidate MCS and Doppler shift:
Table 2.1.1-1: MCS & Doppler shift combination
	
	MCS and rank 
	Doppler shift

	Combination 1
	13 rank 2
	870Hz

	Combination 2
	13 rank 2
	972Hz

	Combination 3
	17 rank 2
	870Hz

	Combination 4
	17 rank 2
	972Hz



Here, we bring simulation results of the above combinations:

Figure 2.1.1-1 Performance of different combinations
From the figure above we can summarize the results:
Table 2.1.1-2: MCS & Doppler shift combination
	
	MCS
	Doppler shift
	SNR @ 70% max Tput

	Combination 1
	13
	870Hz
	8.5dB

	Combination 2
	13
	972Hz
	8.5dB

	Combination 3
	17
	870Hz
	17.0dB

	Combination 4
	17
	972Hz
	19.0dB



When comparing the performance of two different MCS values, configuring MCS13 can reach 70% maximum throughput at a much lower SNR (8.5dB) in comparison to the performance of MCS17. A much higher SNR (around 19dB with 972Hz) is needed to reach 70% maximum throughput for MCS17. After the impairment margin, possibly the requirement will be over 20dB. 
[bookmark: _Hlk109222214]Regarding the performance comparison of different Doppler shifts, no clear performance difference between configuring 870Hz and 972Hz with MCS13, although there is approximately a 2dB gap with MCS17.  
Observation 1: Configuring MCS13 can reach 70% max Tput at a much lower SNR in comparison to the performance of MCS17
Observation 2: A much higher SNR (around 19dB with 972Hz) is needed to reach 70% maximum throughput for MCS17 compared to MCS13. After the impairment margin, possibly the requirement will be over 20dB 
Observation 3: No clear performance difference between configuring 870Hz and 972Hz with MCS13. Approximately 2dB gap with MCS17
In this case, we propose to select combination 2: MCS13 + 972Hz for HST-SFN scheme A 15kHz SCS scenario. 
Proposal 1: Propose to select combination 2: MCS13 + 972Hz for HST-SFN scheme A 15kHz SCS scenario.
2.2 SFN scheme B
2.2.1 Test scope 
Companies have not reached consensus on whether to define PDSCH requirement with HST-SFN scheme B. Based on the meeting report for RAN4 #103-e, the following agreements have been reached:
	Agreement:

· Further discuss the difference compared other transmission schemes from UE processing, deployment scenario and the receiver performance aspect and RAN4 will make decision on RA4#104-e meeting whether HST SFN scheme B test cases will be specified or not
· FFS on the pre-compensation modelling 
   



Following the instruction of these agreements, we give our analysis on the UE processing comparing HST scheme A, B, and HST single Tap.
For Scheme A, it is assumed UE performs the Doppler estimation per TRP based on TRP specified TRS. The total channel property is acquired from the combination of two different TRP channel properties. 
[image: ]
Figure 2.2.1-1 Illustration of scheme A

For Scheme B, gNB will pre-compensate the frequency difference between the two TRPs based on the estimated Doppler per TRP so that the frequencies of PDCCH/PDSCH received from the two TRPs are about the same.
[image: ]
Figure 2.2.1-2 Illustration of scheme B
Compared to the HST single-tap, the pre-compensation of scheme B assumed by RAN1 is only for Doppler shift from the 2nd RRH but gNB does not compensate the time difference between two RRHs. It is like a two-tap channel model with almost the same Doppler shift.
UE demodulation processing is summarized as follows:
· HST single tap: Assume single path 
· HST-SFN Scheme A: Assume two paths with different Doppler shift
· HST-SFN Scheme B: Assume two paths with the same Doppler shift
According to the summary, we can conclude that the UE processing is clearly different, and we think this is the reason RAN1 defined the dedicated UE capability for HST Scheme A (sfnSchemeA) and HST Scheme B (sfnSchemeB).  
Observation 4: The UE demodulation processing is quite different compared to HST scheme A, B and HST single tap. RAN1 defined the dedicated UE capability for HST Scheme A and HST Scheme B. 
Meanwhile, we also provide our simulation results for comparing the performance of HST scheme A, B, and HST single Tap.  
[image: ]
Figure 2.2.1-3 Performance of HST-SFN scheme A, B and HST single tap
From the simulation results above, we can tell that the performance of HST-SFN scheme B is quite different in comparison to both HST-SFN scheme A and HST single tap. 
Observation 5: The performance of HST-SFN scheme B is quite different in comparison to both HST-SFN scheme A and HST Single Tap.
Observation 6: The SNR for achieving 70% maximum throughput for HST-SFN scheme B is around 11.6dB.
Based on the above analysis and simulation results, HST scheme B is a separate feature that has different UE processing and demodulation performance when comparing with HST scheme A and HST single tap. 
Therefore, we propose to define PDSCH requirements for HST-SFN scheme B. 
Proposal 2: Define PDSCH requirements for HST-SFN scheme B
2.2.2 Modeling of TRP pre-compensation
As for the modeling of TRP pre-compensation, one candidate listed in the WF [1] is:
	Issue 2-3-2: Modeling of TRP pre-compensation 
· Option 1: For scheme B, BS behaviour can be Doppler Modeling into channel model so that TE implementation of pre-compensation has no impact on the UE performance during the test.
· Other options are not precluded



Since the pre-compensation assumed by RAN1 will compensate for Doppler shift from the 2nd RRH, we prefer to assume perfect modeling for the TRP pre-compensation, which is the same as we assume in our simulations. 
Proposal 3: Assume perfect modeling of TRP pre-compensation.
3	Summary
We summarize our observations and proposals here:
Observation 1: Configuring MCS13 can reach 70% max Tput at a much lower SNR in comparison to the performance of MCS17.
Observation 2: A much higher SNR (around 19dB with 972Hz) is needed to reach 70% maximum throughput for MCS17 compared to MCS13. After the impairment margin, possibly the requirement will be over 20dB. 
Observation 3: No clear performance difference between configuring 870Hz and 972Hz with MCS13. Approximately 2dB gap with MCS17.
Proposal 1: Propose to select either combination 2: MCS13 + 972Hz for HST-SFN scheme A 15kHz SCS scenario.
Observation 4: The UE processing is quite different compared to HST scheme A, B and HST single tap.
Observation 5: The performance of HST-SFN scheme B is quite different in comparison to both HST-SFN scheme A and HST Single Tap.
Observation6: The SNR for achieving 70% maximum throughput for HST-SFN scheme B is around 11.6dB.
Proposal 2: Define PDSCH requirements for HST-SFN scheme B.
Proposal 3: Assume perfect modeling of TRP pre-compensation.
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