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1 Introduction
In RAN4#103-e, the detail for the simulation assumption for HST-SFN scheme A was agreed [1]. We provide discussion with simulation results in this contribution.

2 Discussion
[bookmark: _Hlk95316233]The following options in Issue 2-1-1, 2-2-1, 2-2-2 and 2-2-3 were agreed for further discussion in the previous meeting [1] and are discussed in this document. HST-SFN scheme B related issues are discussed in chapter 2.1. HST-SFN scheme A related issues are discussed in chapter 2.2. HST-SFN scheme A detailed performance analysis is discussed in chapter 2.3.
2.1 HST-SFN scheme B related issues
Here is discussion and proposal for HST-SFN scheme B related Issue 2-1-1.
Issue 2-1-1: Whether to define PDSCH requirement with HST-SFN scheme B
· Option 1: Introduced the PDSCH requirement with HST-SFN B under test applicability rule 
· FFS on the pre-compensation modeling  
· Option 2: Not to introduce the PDSCH requirement with HST-SFN B

HST-SFN scheme B is simplified version of HST-SFN scheme A where doppler is pre-compensated and UE needs to follow only one TRS for doppler reference. We suggest RAN4 to focus its efforts to finalize scheme A requirement and ignore any scheme B requirements.
Proposal #1: We support Option 2 not to introduce the PDSCH requirement with HST-SFN scheme B.

2.2 HST-SFN scheme A related issues
The simulation settings are based on the agreed assumptions from 103-e WF [1] and 102-e WF [2] documents and shown in Table 1. HST-SFN Rel-17 is simulated with agreed MCS options 13 and 17 and maximum doppler options 870Hz and 972Hz for FDD and 1667Hz for TDD with number of receiver antenna 2 and 4 as suggested in 103-e WF [1].





Table 1: Simulation settings.
	Parameter
	Value
	Value

	
	FDD 15 kHz SCS
	TDD 30 kHz SCS

	BW (MHz) / SCS (kHz)
	10 / 15
	40 / 30

	Propagation Condition
	HST-SFN Rel-17
	HST-SFN Rel-17

	Rank
	2
	2

	MCS
	13 or 17
	13 or 17

	Antenna configuration
	2x2, 2x4
	2x2, 2x4

	Maximum doppler
	870Hz or 972Hz
	1667Hz

	Number of DMRS symbols
	3
	3

	PRB bundling size
	2
	2

	CSI-RS periodicity
	10
	10

	CSI-RS slot offsets
	1, 2
	1, 2



The simulation results are shown in the following Figures 1, 2 and 3 and 70% relative throughput numbers are collected in Table 2. Figure 1 shows results of FDD with maximum doppler 870Hz and Figure 2 for maximum doppler 972Hz. Furthermore Figure 3 shows results of TDD with maximum doppler 1667Hz. All figures include both MCS options 13 and 17, and number of receiver antennas 2 and 4. Note, these simulations do not include all impairments and should be considered optimistic.
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Figure 1: HST-SFN Rel-17, FDD, BW 10 MHz, SCS 15kHz, max doppler 870Hz simulation results
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Figure 2: HST-SFN Rel-17, FDD, BW 10 MHz, SCS 15 kHz, max doppler 972 Hz simulation results
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Figure 3: HST-SFN Rel-17, TDD, BW 40 MHz, SCS 30 kHz, max doppler 1667 Hz simulation results
Table 2 collects required SNR for relative throughput of 70%. We can make several observations from Figures 1-3 and Table 2.
Observation #1: UE cannot achieve relative 70% throughput with Rank2 MCS17 and maximum doppler 972Hz.
Observation #2: UE has problems to achieve relative throughput of higher than 90% with Rank2 MCS17.


Table 2: Simulation results of SNR setting for each TRP using Option 1 Balance SNR (partial impairments)
	Duplex
scheme
	Antenna
config
	MCS
	Maximum doppler
	SNR [dB]

	FDD
	2x4
	13
	870Hz
	6.4

	FDD
	2x2
	13
	870Hz
	8.5

	FDD
	2x4
	17
	870Hz
	13.3

	FDD
	2x2
	17
	870Hz
	17.1

	FDD
	2x4
	13
	972Hz
	8.0

	FDD
	2x2
	13
	972Hz
	10.0

	FDD
	2x4
	17
	972Hz
	N/A

	FDD
	2x2
	17
	972Hz
	N/A

	TDD
	2x4
	13
	1667Hz
	8.6

	TDD
	2x2
	13
	1667Hz
	11.0

	TDD
	2x4
	17
	1667Hz
	15.0

	TDD
	2x2
	17
	1667Hz
	19.3



Next here are discussions and proposals for HST-SFN scheme A related Issues 2-2-1, 2-2-2 and 2-2-3.
Issue 2-2-1: Maximum Doppler shift 
· RAN4 will make 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 provide the simulation results for both Options in RAN4#104-e meeting.

As seen in Observation #1 UE cannot achieve relative throughput of 70% with Rank2 MCS17 with maximum doppler of 972Hz. This high doppler limits achievable SNR so much that only low enough MCS is functional. Therefore, we are proposing to define test case with reasonable but still high maximum doppler 870Hz.
Proposal #2: We support Option 1 870Hz for maximum doppler shift.
Issue 2-2-2: MCS & Rank 
· MCS17 rank 2 as the baseline.
· RAN4 may consider MCS13 rank 2 according to the simulation results

As seen in Observation #2 UE has problems to achieve relative throughput higher than 90% with Rank2 corresponding to 10% BLER. This is indication that higher MCS17 is in the limits of reasonable performance. Also, in the practical network where OLLA would be targeting 10% BLER actual MCS would be lowered due to too high BLER. Therefore, we are proposing to define test case with more adequate Rank2 and MCS 13.
Proposal #3: We prefer MCS 13 and Rank 2.
Issue 2-2-3: UE capability
· The PDSCH demodulation requirements for HST-SFN Scheme A should be applicable for UE capable of “23-6-1 SFN scheme A (scheme 1) for PDSCH and PDCCH”.


Proposal #4: We support UE capability proposal in Issue 2-2-3.

2.3 HST-SFN scheme A detailed performance analysis
In this chapter we show more detailed analysis of the performance that may be useful information when considering the final test configurations and requirements. In the following Figures 4, 5 and 6 there are code block error rates plotted per slot and per code block in FDD test with MCS17 and maximum doppler of 870 Hz. There are 5 code blocks in this test. Here we can make 2 observations. First, in all SNR we can see that TRS slots (1 and 2) have clearly higher BLER than other slots. This difference is due to higher code rate in TRS slots. Secondly, in all SNR we can see that the last code block have clearly higher BLER than other code blocks. In higher SNR this is more visible in TRS slots only but in lower SNR all slots have high BLER in the last code block. 
Observation #3: TRS slots have higher BLER due to higher code rate.
Observation #4: The last code block has higher BLER compared to other code blocks.
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Figure 4: HST-SFN Rel-17, FDD, MCS17, max doppler 870 Hz code block specific BLER at SNR 20dB
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Figure 5: HST-SFN Rel-17, FDD, MCS17, max doppler 870 Hz code block specific BLER at SNR 15dB
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Figure 6: HST-SFN Rel-17, FDD, MCS17, max doppler 870 Hz code block specific BLER at SNR 10dB


3 Conclusion
In this paper we provided the view on the requirements definition for multi-TRP Rel-17 enhancements. The following observations and proposals are made:
Proposal #1: We support Option 2 not to introduce the PDSCH requirement with HST-SFN scheme B.
Observation #1: UE cannot achieve relative 70% throughput with Rank2 MCS17 and maximum doppler 972Hz.
Observation #2: UE has problems to achieve relative throughput of higher than 90% with Rank2 MCS17.
Proposal #2: We support Option 1 870Hz for maximum doppler shift.
Proposal #3: We prefer MCS 13 and Rank 2.
Proposal #4: We support UE capability proposal in Issue 2-2-3.
Observation #3: TRS slots have higher BLER due to higher code rate.
Observation #4: The last code block has higher BLER compared to other code blocks.
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