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1. Introduction
In RAN4#88bis PBCH demodulation requirements were discussed and the way forward was agreed [1]. The agreements for PBCH demodulation requirements are as follows:
	· RAN4 introduces 2Rx PBCH demodulation requirements in Rel-15. 
· FFS whether to introduce 4Rx PBCH requirements in Rel-15
· If 4Rx PBCH requirements is introduced, 
· whether to apply 4Rx PBCH requirements is up to UE declaration
· Note the PBCH demodulation requirements do not need to be tested in RAN5 as same as LTE PBCH demodulation requirements. (i.e. no conformance requirements)
· Decision should be made in November meeting
· Test metric: 
· SNR_PBCH@1% Pm-bch. Pm-bch is defined as 1-A/B, where A is the number of correctly decoded MIB PDUs and B is the number of transmitted MIB PDUs. 
· UE combines the PBCH symbols of the same SSB index within the MIB TTI (80ms). 
· RAN4 further study in RAN4#89 :
· the PBCH demodulation performance with/without the knowledge of SSB index (or PBCH DMRS sequence).  
· PBCH demodulation requirements consider SSB index acquisition performance or not. 



In this contribution we present our views on PBCH demodulation requirements and simulation results to define performance requirements.

2. Simulation Results
2.1 Simulation Assumptions
The simulation assumptions for PBCH demodulation requirements are summarized in tables below.
Table 1: Common Parameters for PBCH Demodulation test cases
	Parameters
	Unit
	Value

	Cell ID
	
	0

	CP length
	
	Normal

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

	SS/PBCH block index
	
	0

	SS burst periodicity
	ms
	20

	MIB size
	bits
	24

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

	Receiver assumption
	
	LMMSE



Table 2: Simulation Parameters for PBCH Demodulation test cases
	Parameters
	Test 1
	Test 2
	Test 3
	Test 4

	Frequency Range
	FR1
	FR1
	FR2
	FR2

	Channel Bandwidth
	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
(Note 2)
	1x2
[1x4]
	1x2
[1x4]
	1x2
	1x2

	Propagation channel
(Note 2)
	TDL-C
RMS DS=300ns
Doppler=100Hz
	TDL-A
RMS DS=30ns,
Doppler=10Hz
	TDL-A
RMS DS=30ns,
Doppler=300Hz
	TDL-A
RMS DS=30ns,
Doppler=75Hz

	Note 1: Depending on the operating band. Refers to TS38.101-1 Table 5.4.3.3-1 for which band uses which pattern
Note 2: Use PDP specified in TS38.901 



2.2 FR1 Results
In this section we present alignment results for FR1 test cases with 2Rx and 4Rx. The tables capture the SNR (dB) @ 1% Pm-bch. The simulations are run with simplified TDL channel models agreed in [2] and with PBCH-DMRS sequence detection.

Table 3: Alignment results for PBCH in FR1 with 2Rx
	
	Channel BW
	SS/PBCH SCS
	SS Block pattern
	Antenna configuration
	Propagation channel
	SNR @ 1% Pm-bch

	Test 1
	10MHz
	15kHz
	Case A
	1x2
	TDL-C-300; 100Hz
	-8.9

	Test 2-1
	40MHz
	30kHz
	Case B
	1x2
	TDL-A-30; 10Hz
	-7.2

	Test 2-2
	40MHz
	30kHz
	Case C
	1x2
	TDL-A-30; 10Hz
	-7.1



Table 4: Alignment results for PBCH in FR1 with 4Rx
	
	Channel BW
	SS/PBCH SCS
	SS Block pattern
	Antenna configuration
	Propagation channel
	SNR @ 1% Pm-bch

	Test 1
	10MHz
	15kHz
	Case A
	1x4
	TDL-C-300; 100Hz
	-11.7

	Test 2-1
	40MHz
	30kHz
	Case B
	1x4
	TDL-A-30; 10Hz
	-10.4

	Test 2-2
	40MHz
	30kHz
	Case C
	1x4
	TDL-A-30; 10Hz
	-10.3



2.3 FR2 Results
In this section we present alignment results for FR2 test cases. The table captures the SNR (dB) @ 1% Pm-bch. The simulations are run with simplified TDL channel models agreed in [2] and with PBCH-DMRS sequence detection.

Table 5: Alignment results for PBCH in FR2 with 2Rx
	
	Channel BW
	SS/PBCH SCS
	SS Block pattern
	Antenna configuration
	Propagation channel
	SNR @ 1% Pm-bch

	Test 3
	100MHz
	120kHz
	Case D
	1x2
	TDL-A-30; 300Hz
	-8.6

	Test 4
	100MHz
	240kHz
	Case E
	1x2
	TDL-A-30; 75Hz
	-8.9



2.4 Impairment Results
[bookmark: _GoBack]Taking into account implementation margin, we present the SNR (dB) @ 1% Pm-bch test cases in table below.
Table 6: Impairment results for NR PBCH tests
	
	Channel BW
	SS/PBCH SCS
	SS Block pattern
	Antenna configuration
	Propagation channel
	SNR @ 1% Pm-bch

	Test 1
	10MHz
	15kHz
	Case A
	1x2
	TDL-C-300; 100Hz
	-7.4

	Test 2-1
	40MHz
	30kHz
	Case B
	1x2
	TDL-A-30; 10Hz
	-5.7

	Test 2-2
	40MHz
	30kHz
	Case C
	1x2
	TDL-A-30; 10Hz
	-5.6

	Test 1
	10MHz
	15kHz
	Case A
	1x4
	TDL-C-300; 100Hz
	-10.2

	Test 2-1
	40MHz
	30kHz
	Case B
	1x4
	TDL-A-30; 10Hz
	-8.9

	Test 2-2
	40MHz
	30kHz
	Case C
	1x4
	TDL-A-30; 10Hz
	-8.8

	Test 3
	100MHz
	120kHz
	Case D
	1x2
	TDL-A-30; 300Hz
	-7.1

	Test 4
	100MHz
	240kHz
	Case E
	1x2
	TDL-A-30; 75Hz
	-7.4



3. PBCH Demodulation Requirements
In the Section 2 we present PBCH results with TI or PBCH-DMRS sequence detection. DMRS sequence detection is part of the PBCH decoding chain especially for initial access and cell identification scenarios. Assuming perfect TI knowledge in PBCH decoding doesn’t present a realistic scenario for testing. Rather than introducing separate tests for TI detection, it would be beneficial to include it in PBCH decoding tests.
Proposal #1: Include PBCH-DMRS sequence detection in PBCH demodulation requirements 
4. Conclusion
In this paper we present simulation results to define performance requirements for NR PBCH. Our simulation results are summarized below:
Table 7: Alignment results for NR PBCH tests
	
	Channel BW
	SS/PBCH SCS
	SS Block pattern
	Antenna configuration
	Propagation channel
	SNR @ 1% Pm-bch

	Test 1
	10MHz
	15kHz
	Case A
	1x2
	TDL-C-300; 100Hz
	-8.9

	Test 2-1
	40MHz
	30kHz
	Case B
	1x2
	TDL-A-30; 10Hz
	-7.2

	Test 2-2
	40MHz
	30kHz
	Case C
	1x2
	TDL-A-30; 10Hz
	-7.1

	Test 1
	10MHz
	15kHz
	Case A
	1x4
	TDL-C-300; 100Hz
	-11.7

	Test 2-1
	40MHz
	30kHz
	Case B
	1x4
	TDL-A-30; 10Hz
	-10.4

	Test 2-2
	40MHz
	30kHz
	Case C
	1x4
	TDL-A-30; 10Hz
	-10.3

	Test 3
	100MHz
	120kHz
	Case D
	1x2
	TDL-A-30; 300Hz
	-8.6

	Test 4
	100MHz
	240kHz
	Case E
	1x2
	TDL-A-30; 75Hz
	-8.9



Table 6: Impairment results for NR PBCH tests
	
	Channel BW
	SS/PBCH SCS
	SS Block pattern
	Antenna configuration
	Propagation channel
	SNR @ 1% Pm-bch

	Test 1
	10MHz
	15kHz
	Case A
	1x2
	TDL-C-300; 100Hz
	-7.4

	Test 2-1
	40MHz
	30kHz
	Case B
	1x2
	TDL-A-30; 10Hz
	-5.7

	Test 2-2
	40MHz
	30kHz
	Case C
	1x2
	TDL-A-30; 10Hz
	-5.6

	Test 1
	10MHz
	15kHz
	Case A
	1x4
	TDL-C-300; 100Hz
	-10.2

	Test 2-1
	40MHz
	30kHz
	Case B
	1x4
	TDL-A-30; 10Hz
	-8.9

	Test 2-2
	40MHz
	30kHz
	Case C
	1x4
	TDL-A-30; 10Hz
	-8.8

	Test 3
	100MHz
	120kHz
	Case D
	1x2
	TDL-A-30; 300Hz
	-7.1

	Test 4
	100MHz
	240kHz
	Case E
	1x2
	TDL-A-30; 75Hz
	-7.4



Proposal #1: Include PBCH-DMRS sequence detection in PBCH demodulation requirements 
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