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1	Introduction
RAN4#88bis agreed with the way forward on PBCH demodulation requirements in Rel-15 [1]. We provide the simulation results based on the way forward.  
2	Discussion
2.1	Simulation parameters
Table 1 and Table 2 show the common setup and simulation assumption of PBCH demodulation requirements respectively based on the WF.
[bookmark: _Ref521511096]Table 1	Common setup for PBCH demodulation requirements.
	Parameters
	Unit
	Values

	Cell ID
	
	0

	CP length
	
	Normal

	Number of SS/PBCH blocks within an SS burst set periodicity
	
	1

	SS/BPCH block index
	Ms
	0

	SS burst periodicity
	bits
	20

	MIB size (without CRC)
	bits
	24

	PBCH payload size (including CRC=24bits and 8bits of SS/PBCH block location information)
	
	56



[bookmark: _Ref521511097]Table 2	Simulation assumption for PBCH demodulation requirements.
	Parameters
	Test 1
	Test 2
	Test 3
	Test 4

	Frequency range
	FR1
	FR1
	FR2
	FR2

	Channel BW
	10MHz
	40MHz
	100MHz
	100MHz

	SS/PBCH SCS
	15kHz
	30kHz
	120kHz
	240kHz

	SS Block pattern (Note 1)
	Case A
	Case B
Case C
	Case D
	Case E

	Antenna configuration
	1x2
1x4
	1x2
1x4
	1x2
	1x2

	Propagation channel
	TDLC300-100
	TDLA30-10
	TDLA30-300
	TDLA30-75


	Note 1: Depending on the operating band. Refers to TS38.101-1 Table 5.4.3.3-1 for which band uses which pattern




2.2	Simulation results for 2Rx
[image: ][image: ] 
[bookmark: _Ref525644901]Figure 1	Simulation results of PBCH for FR1 (test 1 and test 2). 

[Test 3 with TDLA30-300 to be added][image: ]
[bookmark: _Ref525644904]Figure 2	Simulation results of PBCH for FR2 (test 3 and test 4). 
Figure 1 shows the simulation results of PBCH for FR1 and Figure 2 shows the simulation results of PBCH for FR2. For all the results, we also show SSB index detection performance, PBCH single-shot with known DMRS sequence, and PBCH multi-shot (4 attempts) with known DMRS sequence. Considering the initial cell search assumption, UE usually does not know the SSB index. In this case PBCH demodulation performance is given by the combined PBCH demodulation given by (1-Pssb) + Pssb*PBCH_BLER, where Pssb is the SSB index acquisition success rate and PBCH_BLER is the PBCH BLER with the assumption UE knows the DMRS sequence (= SSB index). On the other hand, if UE knows the position of SSB index with some reason, the PBCH demodulation performance is same as PBCH BLER. 
From the simulation results, it is observed that PBCH multi-shot performance (without SSB index acquisition) is better than SSB index acquisition performance. This means the required SNR for 1% is different depending on the assumption RAN4 assumes UE knows SSB index or not. Note when RAN4 discussed MIB acquisition time in RRM, we assumed single-shot performance only [2].
Observation: With and without the SSB index knowledge, the performance difference of PBCH demodulation with regard to Pm-bch of 1% is X dB with soft-combining within MIB TTI of 80ms. 
Since PBCH performance is directly linked to RRM performance, we propose to specify two sets of PBCH demodulation requirements with/without the SSB index knowledge.  

2.3	Simulation results for 4Rx

[Simulation results to be added]

2.4	Summary of simulation results
Table 3 summarize the simulation results to achieve 1% Pm-bch with/without SSB block index knowledge. 
[bookmark: _Ref528963464]Table 3	Summary of simulation results
	
	Test 1 (FR1, SSB SCS=15kHz)
	Test 2 (FR1, SSB SCS=30kHz)
	Test 3 (FR2, SSB SCS=120kHz)
	Test 4 (FR2, SSB SCS=240kHz)

	2Rx with SSB index knowledge
	
	
	
	

	2Rx without SSB index knowledge
	
	
	
	

	4Rx with SSB index knowledge
	
	
	N/A
	N/A

	4Rx without SSB index knowledge
	
	
	N/A
	N/A



3	Conclusion
Observation: With and without the SSB index knowledge, the performance difference of PBCH demodulation with regard to Pm-bch of 1% is X dB with soft-combining within MIB TTI of 80ms. 
Proposal 1: RAN4 specify BPCH demodulation requirement with/without the SSB index knowledge.
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PBCH and SSB index, FR2 SCS=240kHz, 1x2, TDLA_30-75

SSB index detection

PBCH single-shot (known DMRS)

PBCH multi-shot (known DMRS)

SSB idx + PBCH single-shot

SSB idx + PBCH multi-shot


image1.emf
-20 -18 -16 -14 -12 -10 -8 -6 -4 -2 0

SNR [dB]

10

-2

10

-1

10

0

B

L

E

R
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