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1	Introduction
RAN4#98-e discussed the scope of enhanced transmission schemes in Rel-17 HST FR1, and agreed with the WF [1]. According to the WF, RAN4 first focus on the study and evaluate the performance benefits of transmission scheme 2 (multi-DCI based transmission) in HST-SFN deployment comparing to other transmission schemes HST-SFN joint transmission scheme and dynamic point selection (DPS) scheme.
This contribution provides our evaluation results according to the WF. 
2	Discussion
Figure 1 illustrates an example when multi-DCI based PDSCH transmission is applied to the HST-SFN deployment, where TRP#1 transmits PDCCH#0/PDSCH#0 and TRP#2 transmits PDCCH#1/PDSCH#1. In order to ensure the time/frequency tracking to every TRP, gNB need to schedule the dedicated TRS for every TRP, as same as HST-DPS.


[bookmark: _Ref66216637]Figure 1	PDSCH transmission according to UE location.
According to the way forward [1], RAN4 first focus on the study and evaluate the performance benefits of mDCI-based transmission in HST-SFN deployment comparing to other transmission schemes such as 1) HST-SFN joint transmission and 2) HST-DPS. For the performance evaluation, we performed the simulation according to the parameters in Table 1. 
[bookmark: _Ref66216934]Table 1	Common parameters. 
	Parameters
	HST-SFN
	mDCI Scenario 1
	HST-DPS
	mDCI Scenario 2

	Antenna configuration
	2Tx per TRP
2RX

	SCS, CBW
	TDD SCS=30kHz, CBW=40MHz

	TDD pattern 
	7DS2U

	TRS periodicity
	10ms

	DMRS type
	Type 1

	Number of DMRS symbols
	1+1+1

	PDSCH mapping
	Type A, Start symbol 2, Duration 12

	UE speed
	500km/h

	Ds, Dmin
	Ds=700ms, Dmin=150m

	Number of visible RRHs
	2

	Rank 
	2

	MCS
	13
	17

	Max Doppler shift
	1,667 Hz
	1,667Hz

	Note 1: Number of visible RRHs are set to 2 for HST-SFN JT for the comparison with mDCI
Note 2: gNB schedules half of PRBs (0-52) from TRP#1 and the rest of PRBs (53-105) from TRP#2 for mDCI transmission



Figure 2 shows the comparison between (a) HST-SFN Joint transmission and mDCI Scenario 1, and (b) HST-DPS and mDCI Scenario 2. For the comparison, we normalized the throughput so that the maximum throughput becomes 1.0, because the maximum throughput is slight difference due to the different overhead. It is observed from the simulation results that mDCI with HST-SFN scenario cannot achieve the maximum throughput. 
Observation 1: mDCI-based PDSCH transmission cannot achieve the maximum throughput when the HST-SFN channel model is applied.
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	(a) HST-SFN JT vs mDCI-based transmission
	(b) HST-DPS vs. mDCI-based transmission


[bookmark: _Ref66207249]Figure 2	Comparison of HST-SFN/HST-DPS and multi-DCI based PDSCH transmission scheme. 

One of the reasons mDCI with HST-SFN cannot achieve the maximum throughput is because of the time offset between two TRPs. According to our investigation, if we consider two TRPs, the reception time difference between two TRPs becomes maximum when UE is located on the place closest to one of the TRPs, given by , where c is the speed of light ( (m/s)). If we consider Ds=700m and Dmin=150m, the maximum time difference is about 1.80us. Since the CP length for SCS=30kHz is 2.34us, the time difference from two TRPs is still within a CP, which as the assumption in RAN1 for multi-DCI based transmission, but the time offset is much larger than multi-DCI based PDSCH demodulation requirements defined in Rel-16 eMIMO (+1us/-0.25us for TDD SCS=30kHz). Figure 2 also shows the simulation results without time difference between two TRPs in HST-SFN channel model (mDCI with HST-SFN (no time diff)). As it is observed from the results, the maximum throughput is reached if there is no time offset between two TRPs, although it requires larger SNR.
Observation 2: Larger time difference between two TRPs in HST-SFN channel model degrades the UE demodulation performance for the multi-DCI based transmission. 

Figure 3 shows the detailed analysis why mDCI with HST-SFN is worse than HST-HST/HST-DPS with regard to the SNR to achieve 70% of maximum throughput.
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[bookmark: _Ref66207444]Figure 3	Relation between relative pash power and PDSCH BLER in multi-DCI based transmission.  

The top figure shows the relative path power (dB) for each TRP. Since we are reusing the HST-SFN channel model with 2 RRHs, the normalized transmission power from TRP1, P1, is given by 

where  is the location of UE,  is the location of TRP1, and  is the location of TRP2. Similarly, the normalized transmission power from TRP2, P2, is given by

When UE position is 0 (m), from the relative power figure, the relative path power from TRP2 is about 14dB lower than the path power from TRP1. This means if we set SNR=30dB, the effective SNR from TRP1 is about 30dB, but the effective SNR from TRP2 is about 16dB. 
The middle figure shows the absolute reception time difference between two TRPs. When UE position is 0 (m), the time difference is the largest, 1.8us, as we discussed above. When UE is located at 350m (middle of two TRPs), the time difference becomes 0. 
The bottom figure shows the PDSCH decoding error rate (BLER) per TRP at SNR=30dB for ‘mDCI with HST-SFN’. As it is observed from the figure, when UE positions are between 0 to 100m, BLER=0% for PDSCH from TRP1 but BLER=100% for PDSCH from TRP2. As UE moves to the middle of two TRPs (350m from the starting point), the PDSCH BLER from both TRPs becomes 0%. However when UE moves further, PDSCH BLER from TRP1 goes to 100% because UE location is farthest from TRP1. 
Figure 2 also shows the simulation results when we keep the same power between two TRPs (See ‘mDCI with HST-SFN (no power/time diff)’). In this case we also consider no reception time difference between two TRPs. This case is effectively same as HST-DPS instead of SNR definition. For HST-DPS test setup, as illustrated in Figure 4, RAN4 set the power level for the signal from k-th RRH equals to 0. On the other hand mDCI test setup assumes the power level for the signal from two TRPs equals to 0, and therefore mDCI is about 3dB worse than HST-DPS in Figure 2 (b). 

	

	


	(a) Tx power setting for HST-SFN
	(b) Tx power setting for HST-DPS


[bookmark: _Ref67571512]Figure 4	Tx power setting for HST-SFN and HST-DPS. 

Based on our evaluation between HST-SFN/HST-DPS and mDCI in HST-SFN, it is observed the mDCI in HST-SFN is worse than both HST-SFN and HST-DPS. 
Observation 3: mDCI-based transmission scheme with HST-SFN deployment scenario shows worse performance compared with HST-SFN JT/HST-DPS scenario. 
From our observations, there are several possibilities to improve the performance with mDCI-based transmission with HST-SFN deployment scenarios:
· Reduce Ds and/or Dmin in HST-SFN parameters to decrease the time difference between two TRPs.
· Consider lower MCS or rank 1 at the location UE is close to one of TRPs. 
Even if we consider some improvement, however, we don’t think mDCI-based transmission scheme can show better performance with regard to the maximum throughput compared with HST-SFN/DPS. RAN4 need discuss further whether to define mDCI-based transmission schemes with HST-SFN deployment scenario. 
Proposal: RAN4 need more discussion/study whether to define mDCI-based transmission in HST-SFN deployment scenario. 
3	Summary
Observation 1: mDCI-based PDSCH transmission cannot achieve the maximum throughput when the HST-SFN channel model is applied.
Observation 2: Larger time difference between two TRPs in HST-SFN channel model degrades the UE demodulation performance for the multi-DCI based transmission. 
Observation 3: mDCI-based transmission scheme with HST-SFN deployment scenario shows worse performance compared with HST-SFN JT/HST-DPS scenario. 
Proposal: RAN4 need more discussion/study whether to define mDCI-based transmission in HST-SFN deployment scenario. 
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