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1 Introduction
This contribution aims to summarize the simulation results provided in [1]-[5] regarding blind/HARQ-less repetition for scheduled DL-SCH, for which there are four variants identified at RAN1#92 meeting. 
Agreement:
One or more of the following solutions for DL data are needed for URLLC operation 

· blind/HARQ-less PDSCH repetition in different TTIs
· Consider the following variants
· Variant 1: dynamic indication of the PDSCH repetition factor in DCI
· Variant 2: semi-static configuration of the PDSCH repetition factor over RRC
· Variant 3: independent PDSCH assignment for each PDSCH transmission
· Variant 4: combination of semi-static and dynamic indication (combination of variants 1 and 2)

· Study if and how PDSCH repetition can be combined with TTI level FH. 

In addition, it is also expected to conclude some observations/proposals by this summary which will be helpful to do selection among the variants. 
2 Summary for simulation results 
This section summarizes the simulation assumptions/parameters and results for PDSCH&PDCCH. 
2.1 Summary of assumptions/parameters

The assumptions or parameters regarding the simulations for PDSCH and PDCCH from all sources are summarized in Table 1. 
Table 1: summary of simulation assumptions/parameters from sources

	Sources
	Source 1 [1]
	Source 2 [2]
	Source 3 [3]
	Source 4 [4] 
	Source 5 [5]

	System parameter
	Velocity (kmph)
	30
	3
	?
	3
	3

	
	Channel model
	TDL-C
	TDL-C
	TDL-C
	TDL-C
	TDL-C

	
	Delay spread (ns)
	363
	363
	393
	300
	363

	PDCCH

related
	Payload size (inc. CRC)
	56
	35 or 50
	--
	46
	50

	
	AL
	8
	4 or 8
	--
	8
	8

	
	Occupied OS
	1
	1
	--
	1
	2

	
	Correlation of multiple PDCCHs
	?
	Dependent
	--
	?
	Independent

	
	CRS overhead
	Considered, depend on sTTI index
	Considered
	--
	Considered
	Not considered

	
	Channel estimation
	practical
	practical
	--
	?
	ideal

	
	Power Boosting
	Considered
	Considered
	--
	No
	No

	PDSCH

related
	Occupied OS
	2
	1 or 2
	2
	1 or 2
	2

	
	MCS
	0
	Depend on the number of RBs allocated
	0 or 3
	0
	0 or 3

	
	RV
	0 for each trx
	legacy {0 2 3}
	?
	0 for each trx
	No combining

	
	Distributed scheduling in frequency
	?
	Considered
	?
	?
	--

	
	Channel estimation
	practical
	practical
	?
	?
	ideal


2.2 PDSCH related simulation results
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Figure 1. PDSCH repetition performance assuming no SPDCCH impact. (Source 1)
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Figure 2. sPDSCH reliability of the variant of Group 1 by three trials of decoding without soft-combining (Source 2)

	[image: image4.png]BLER

T
—e— PDSCH

—— PDSCH, dep on +0dB SPDCCH
—=&— PDSCH, dep on +1dB SPDCCH
—%— PDSCH, dep on +2dB SPDCCH
— % —SPDCCH, +0dB

— B8 —SPDCCH, +1dB

— * — SPDCCH, +2dB

-8 -7 -6 -5 -4 -3
SNR [dB]





Figure 3. Simulation for multiple PDSCH assignments (variant 3) (Source 1)
	Table 2: The minimum required number of RBs for the variant w/o sPDSCH soft-combining (Source 2)
Min. required number of RBs to achieve 10-5 without PDCCH overhead calculation
The variant without sPDSCH soft-combining by sPDSCH carried in 1OS

84 RBs

The variant without sPDSCH soft-combining by sPDSCH carried in 2OS

48 RBs

The variant with sPDSCH soft-combining by sPDSCH carried in 1OS

36 RBs 
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Figure 4. Simulation for single PDSCH assignments (variants 1,2 or 4) (Source 1)
	Table 3: The minimum required number of RBs to achieve 10-5 for 2OS sPDSCH without PDCCH overhead counting (Source 2)
Without PDCCH power boosting

1dB PDCCH   power boosting

2dB PDCCH power boosting

Evenly divided in frequency for 3 repetitions which are not combined

48

48

60

The same frequency location for 3 repetitions which are not combined  (Baseline)

48

60

60

The same frequency locations for 3 repetitions which are combined

36

36

48

Freq. diversity gain

0

20%

0

Soft-combining gain

25%

40%

20%
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Figure 5. K = 1 and 2 for MCS0 (Source 3)
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Figure 6. BLER vs SNR for SPDCSH, joint SPDCCH and SPDSCH modelling. (Source 4)
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Figure 7. sPDSCH BLER performance (Source 5)

	


2.3 PDCCH related simulation results
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Figure 8. Downlink control performance with and without CRS overhead. (Source 1)
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Figure 9. sPDCCH reliability with different DCI payload size (Source 2)
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Figure 10. sPDCCH BLER performance (Source 5)
	


3 Comparison, analysis and suggested proposals
This summary facilitates the comparison of the simulation results from sources. However, it is observed by the preliminary comparison and analysis that the observations based on simulations from sources are still diverse even though regarding the same issue.

The first step we can do is to list the crucial questions/aspects for selection among the variants, which are listed as below as well as the views/observations from sources. The suggested observation and proposals are listed as well. 

1) Whether UE needs to combine the repetitions?

· Source 1: Yes.

· Source 2: Yes. 

· Source 3: Yes. 

· Source 4: Yes?
· Source 5: ?
Proposal 1: Soft-combining of repetitions is needed to improve PDSCH reliability. 
2) Whether PDSCH TB repetition based on independent PDSCH assignment for each PDSCH (such as from ideal frequency hopping) can increase overall reliability comparing to a single transmission. 
· Source 1: Yes. (no simulation results)

· Source 2: No. (simulation results)

· Other sources have no simulation results directly on this aspect. 

Proposal 2: Next step: Continue discussion on the alignment of simulation assumption and figure out the reasons for the different performance from two sources. 
3) How many repetitions at most will be needed to fulfil the target?

· Source 1: 2.

· Source 2: 3

· Source 3: at least 2?
· Source 4: 4. 

· Source 5: 2. 

Proposal 3: The maximum number of repetitions supported is 3. FFS on 4.  

4) How much overhead for PDCCH for a given number of PDSCH repetitions?

· Source 1: equal to the number of PDSCH repetitions, AL8 for each. 
· Source 2: always 1 PDCCH, AL8.

· Other sources are not showing this from simulations. 

Observation: Variant 3 has more PDCCH overhead.  
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