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Introduction 
This simulation paper describes simulations based on simulation agreements agreed in the RAN4 106-bis-e meeting [1]. 
Simulation assumptions

	[bookmark: _Toc116995848]Parameter
	Unit
	Value

	Number of PRBs for PBCH
	
	Baseline: 12 PRBs for 3MHz CBW
Optional: 15 PRBs for 3MHz CBW

	Carrier frequency 
	GHz
	900MHz

	Subcarrier spacing
	kHz
	15 kHz

	Number of Tx antennas
	-
	Baseline: 1
Optional: 2

	Number of Rx antennas
	-
	2 

	DMRS
	- 
	3GPP NR PBCH DMRS

	Other assumptions
	
	Tx BW and SSB puncturing are known at the Rx side 

	CP Length
	-
	Normal

	Number of transmitted SS block within a SS burst set period (K)
	-
	1 

	SS burst set periodicity
	ms
	20

	Frequency Offset relative to UE frequency reference
	Hz
	0

	PBCH symbols within the SS block
	 
	PSS-PBCH-SSS-PBCH

	Data and Control Power offset with respect to PSS and SSS
	dB
	Baseline 0 

	PBCH power offset with respect to PBCH-DMRS
	dB
	0 

	PBCH-DMRS power offset with respect to PSS and SSS
	dB
	0 

	PSS and SSS sequences
	-
	No changes expected 

	PBCH-DMRS sequences
	-
	No changes expected

	PBCH-DMRS RE positions within the PBCH resource
	-
	No changes expected except for puncturing impact

	PBCH Channel coding
	 
	No changes expected to actual Channel coding
(Polar code with 512 length and 24bit CRC)

	PBCH Modulation
	-
	QPSK

	PBCH Payload (including the CRC)
	bits
	56bit (CRC 24bit)

	PBCH SNR
	dB
	-10 : 0 dB, with 1 dB spacing

	Propagation Condition / Channel models
	-
	For 3 km/h UE speed
· AWGN
· TDL-A 30ns
· TDL-B 100ns
· TDL-C 300ns

For 500km/h UE speed
· Single tap model

Additional scenarios can be considered in future meetings

	UE speed
	 
	3 km/h, 500 km/h

	Detection Method
	 
	Baseline: One shot detection (i.e. no combination for different PBCHs)

Optional: 
· Non coherent combining for SSB index reading 
· Soft combining for MIB reading

FFS which method(s) will be used to define the requirement(s)

	Metrics
	
	See below

	NOTE: the companies are encouraged to state channel model parameters together with the results, the parameters are to be further discussed and aligned. 
 



	Agreements:
Use at least following metric:
· Option 1: SSB index reading delay
The number of SS-blocks required for 99% to successfully decode the PBCH SSB Index
· Option 2: MIB reading delay
The number of MIB readings required for 99% to successfully decode the MIB
· Option 3: Other metrics not precluded
Companies can provide both metrics using other target error rate than 99%, For example 90% or 95%. Companies shall include the target error rate metric with the simulation results.





SSB-index reading
DMRS detection, one shot and combine, AWGN, (1x2), 3km/h, 12PRBs
[image: ]
[bookmark: _Toc135083369] Figure 1: DMRS detection, one shot and combine, AWGN, (1x2), 3km/h, 12PRBs

DMRS detection, one shot and combine, AWGN, (1x2), 3km/h, 15PRBs
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[bookmark: _Toc135083370]Figure 2: DMRS detection, one shot and combine, AWGN, (1x2), 3km/h, 15PRBs

DMRS detection, one shot and combine, AWGN, (1x2), 3km/h, 20PRBs
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[bookmark: _Toc135083371]Figure 3: DMRS detection, one shot and combine, AWGN, (1x2),  3km/h, 20PRBs



DMRS detection, one shot and combine, TDL-C300ns, (1x2), 3km/h, 12PRBs
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[bookmark: _Toc135083372]Figure 4: DMRS detection, one shot and combine, TDL-C300ns, (1x2), 3km/h, 12PRBs

DMRS detection, one shot and combine, TDL-C300ns, (1x2), 3km/h, 15PRBs
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[bookmark: _Toc135083373]Figure 5: DMRS detection, one shot and combine, TDL-C300ns, (1x2), 3km/h, 15PRBs
DMRS detection, one shot and combine, TDL-C300ns, (1x2), 3km/h, 20PRBs
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[bookmark: _Toc135083374]Figure 6: DMRS detection, one shot and combine, TDL-C300ns, (1x2), 3km/h, 20PRBs

DMRS detection, one shot and combine, TDL-A30ns, (1x2), 3km/h, 12PRBs
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[bookmark: _Toc135083375]Figure 7: DMRS detection, one shot and combine, TDL-A30ns, (1x2), 3km/h, 12PRBs
DMRS detection, one shot and combine, TDL-A30ns, (1x2), 3km/h, 15PRBs
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[bookmark: _Toc135083376]Figure 8: DMRS detection, one shot and combine, TDL-A30ns, (1x2), 3km/h, 15PRBs
DMRS detection, one shot and combine, TDL-A30ns, (1x2), 3km/h, 20PRBs
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[bookmark: _Toc135083377]Figure 9: DMRS detection, one shot and combine, TDL-A30ns, (1x2), 3km/h, 20PRBs
DMRS detection, one shot and combine, TDL-B100ns, (1x2), 3km/h, 12PRBs
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[bookmark: _Toc135083378]Figure 10: DMRS detection, one shot and combine, TDL-B100ns, (1x2), 3km/h, 12PRBs
DMRS detection, one shot and combine, TDL-B100ns, (1x2), 3km/h, 15PRBs
[image: ]
[bookmark: _Toc135083379]Figure 11: DMRS detection, one shot and combine, TDL-B100ns, (1x2), 3km/h, 15PRBs
DMRS detection, one shot and combine, TDL-B100ns, (1x2), 3km/h, 20PRBs
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[bookmark: _Toc135083380]Figure 12 DMRS detection, one shot and combine, TDL-B100ns, (1x2), 3km/h, 20PRBs
DMRS detection, one shot and combine, HST, FO = 834Hz, (1x2), 500km/h, 12PRBs
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[bookmark: _Toc135083381]Figure 13: DMRS detection, one shot and combine,  HST, FO = 834Hz, (2x2), 3km/h, 12PRBs

DMRS detection, one shot and combine, HST, FO = 834Hz, (1x2), 500km/h, 15PRBs
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[bookmark: _Toc135083382]Figure 14: DMRS detection, one shot and combine, HST, FO = 834Hz, (2x2), 500km/h, 15PRBs

DMRS detection, one shot and combine, HST, FO = 834Hz, (1x2), 500km/h, 20PRBs
[image: ]
[bookmark: _Toc135083383]Figure 15: DMRS detection, one shot and combine, HST, FO = 834Hz, (2x2), 500km/h, 20PRBs



MIB Reading

MIB reading, no combining, AWGN, 3km/h, 12PRBs
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[bookmark: _Toc135083384]Figure 16: MIB reading, no combining, AWGN, 3km/h, 12PRBs 
MIB reading, no combining, AWGN, 3km/h, 15PRBs
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[bookmark: _Toc135083385]Figure 17: MIB reading, no combining, AWGN, 3km/h, 15PRBs 

MIB reading, no combining, AWGN, 3km/h, 20PRBs
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[bookmark: _Toc135083386]Figure 18: MIB reading, no combining, AWGN, 3km/h, 20PRBs 
MIB reading, soft combining, AWGN, 3km/h, 12PRBs
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[bookmark: _Toc135083387]Figure 19: MIB reading soft combining AWGN, 3km/h 12PRBs

MIB reading, soft combining, AWGN, 3km/h, 15PRBs
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[bookmark: _Toc135083388]Figure 20: MIB reading soft combining AWGN, 3km/h, 15PRBs
MIB reading, soft combining, AWGN, 3km/h, 20PRBs
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[bookmark: _Toc135083389][bookmark: _Hlk135028488]Figure 21: MIB reading soft combining AWGN, 3 km/h, 20PRBs

MIB reading, soft combining, AWGN, (2x2) 3km/h, 12PRBs
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[bookmark: _Toc135083390]Figure 22: MIB reading, soft combining, AWGN, (2x2) 3km/h, 12PRBs

MIB reading, soft combining, AWGN, (2x2) 3km/h, 15PRBs
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[bookmark: _Toc135083391]Figure 23: MIB reading, soft combining, AWGN, (2x2) 3km/h, 15PRBs

MIB reading, soft combining, AWGN, (2x2) 3km/h, 20PRBs
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[bookmark: _Toc135083392]Figure 24: MIB reading, soft combining, AWGN, (2x2) 3km/h, 20PRBs

MIB reading, soft combining, TDL-C300ns, (1x2) 3km/h, 12PRBs
[image: ]
[bookmark: _Toc135083393]Figure 25 MIB reading, soft combining, TDL-C300ns, (1x2) 3km/h, 12PRBs

MIB reading, soft combining, TDL-C300ns, (1x2) 3km/h, 15PRBs
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[bookmark: _Toc135083394]Figure 26: MIB reading, soft combining, TDL-C300ns, (1x2) 3km/h, 15PRBs

MIB reading, soft combining, TDL-C300ns, (1x2) 3km/h, 20PRBs
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[bookmark: _Toc135083395]Figure 27: MIB reading, soft combining, TDL-C300ns, (1x2) 3km/h, 20PRBs

MIB reading, soft combining, TDL-A30ns, (1x2) 3km/h, 12PRBs
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[bookmark: _Toc135083396]Figure 28: MIB reading, soft combining, TDL-A30ns, (1x2) 3km/h, 12PRBs

MIB reading, soft combining, TDL-A30ns, (1x2) 3km/h, 15PRBs
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[bookmark: _Toc135083397]Figure 29: MIB reading, soft combining, TDL-A30ns, (1x2) 3km/h, 15PRBs
MIB reading, soft combining, TDL-A30ns, (1x2) 3km/h, 20PRBs
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[bookmark: _Toc135083398]Figure 30: MIB reading, soft combining, TDL-A30ns, (1x2) 3km/h, 20PRBs
MIB reading, soft combining, TDL-B100ns, (1x2) 3km/h, 12PRBs
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[bookmark: _Toc135083399]Figure 31: MIB reading, soft combining, TDL-B100ns, (1x2) 3km/h, 12PRBs
MIB reading, soft combining, TDL-B100ns, (1x2) 3km/h, 15PRBs
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[bookmark: _Toc135083400]Figure 32: MIB reading, soft combining, TDL-B100ns, (2x2) 3km/h, 15PRBs
MIB reading, soft combining, TDL-B100ns, (1x2) 3km/h, 20PRBs
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[bookmark: _Toc135083401]Figure 33: MIB reading, soft combining, TDL-B100ns, (1x2) 3km/h, 20PRBs


MIB reading, no combining, HST, FO = 834Hz, 500km/h, 12PRBs
[image: ]
[bookmark: _Toc135083402]Figure 34: MIB reading, no combining, HST, FO = 834Hz, 500km/h, 12PRBs

MIB reading, no combining, HST, FO = 834Hz, 500km/h, 15PRBs
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[bookmark: _Toc135083403]Figure 35: MIB reading, no combining, HST, FO = 834Hz, 500km/h, 15PRBs


MIB reading, no combining, HST, FO = 834Hz, 500km/h, 20PRBs
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[bookmark: _Toc135083404]Figure 36: MIB reading, no combining, HST, FO = 834Hz, 500km/h, 20PRBs



MIB reading, soft combining, HST, FO = 834Hz, 500km/h, 12PRBs
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[bookmark: _Toc135083405]Figure 37: MIB reading, soft combining, HST, FO = 834Hz, 500km/h, 12PRBs


MIB reading, soft combining, HST, FO = 834Hz, 500km/h, 15PRBs
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[bookmark: _Toc135083406]Figure 38: MIB reading, soft combining, HST, FO = 834Hz, 500km/h, 15PRBs
MIB reading, soft combining, HST, FO = 834Hz, 500km/h, 20PRBs
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[bookmark: _Toc135083407]Figure 39: MIB reading, soft combining, HST, FO = 834Hz, 500km/h, 20PRBs
MIB reading, soft combining, HST, FO = 834Hz (2x2), 500km/h, 12PRBs
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[bookmark: _Toc135083408]Figure 40: MIB reading, soft combining, HST, FO = 834Hz (2x2), 500km/h, 12PRBs

MIB reading, soft combining, HST, FO = 834Hz (2x2), 500km/h, 15PRBs
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[bookmark: _Toc135083409]Figure 41: MIB reading, soft combining, HST, FO = 834Hz (2x2), 500km/h, 15PRBs

MIB reading, soft combining, HST, FO = 834Hz (2x2), 500km/h, 20PRBs
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[bookmark: _Toc135083410]Figure 42: MIB reading, soft combining, HST, FO = 834Hz (2x2), 500km/h, 20PRBs







Conclusion
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MIB Reading, Soft Combining (2x2): AWGN, 3km/h, 15Prb

15Prb, 2 Combine

15Prb, 3 Combine

15Prb, 4 Combine

15Prb, 5 Combine

15Prb, 6 Combine

15Prb, 7 Combine


image22.emf
-20 -19 -18 -17 -16 -15 -14 -13 -12 -11

SNR [dB]

10

-3

10

-2

10

-1

10

0

E

r

r

o

r

 

R

e

a

d

i

n

g

 

r

a

t

e

MIB Reading, Soft Combining (2x2): AWGN, 3km/h, 20Prb

20Prb, 2 Combine

20Prb, 3 Combine

20Prb, 4 Combine

20Prb, 5 Combine

20Prb, 6 Combine

20Prb, 7 Combine


image23.emf
-15 -14 -13 -12 -11 -10 -9 -8 -7 -6 -5

SNR [dB]

10

-3

10

-2

10

-1

10

0

E

r

r

o

r

 

R

e

a

d

i

n

g

 

r

a

t

e

MIB Reading, Soft Combining: TDL-B100ns, 3km/h, 12Prb

12Prb, 2 Combine

12Prb, 3 Combine

12Prb, 4 Combine

12Prb, 5 Combine

12Prb, 6 Combine

12Prb, 7 Combine


image24.emf
-14 -13 -12 -11 -10 -9 -8 -7 -6 -5

SNR [dB]

10

-3

10

-2

10

-1

10

0

E

r

r

o

r

 

R

e

a

d

i

n

g

 

r

a

t

e

MIB Reading, Soft Combining: TDL-C300ns, 3km/h, 12Prb
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MIB Reading, Soft Combining: TDL-B100ns, 3km/h, 15Prb

15Prb, 2 Combine

15Prb, 3 Combine

15Prb, 4 Combine

15Prb, 5 Combine

15Prb, 6 Combine

15Prb, 7 Combine


image30.emf
-20 -19 -18 -17 -16 -15 -14 -13 -12 -11 -10

SNR [dB]

10

-3

10

-2

10

-1

10

0

E

r

r

o

r

 

R

e

a

d

i

n

g

 

r

a

t

e

MIB Reading, Soft Combining: TDL-B100ns, 3km/h, 20Prb
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MIB Reading, No Combining: HST, FO = 834Hz, 12Prb
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MIB Reading, Soft Combining: HST, FO = 834Hz, 12Prb
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MIB Reading, Soft Combining: HST, FO = 834Hz, 15Prb
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DMRS detection: AWGN, 3km/h, 12Prb

12Prb, one shot
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12Prb, 2 Combine, max correlation
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DMRS detection: AWGN, 3km/h, 15Prb

15Prb, one shot
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