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1. Introduction
In RAN4#89 NR PBCH requirements were discussed and way forward [1] was approved. Companies were encouraged to provide alignment and impairment results on the agreed test cases in order to define NR PBCH performance requirements.  
The open items and proposed way forward related to NR PBCH requirements are captured below.
	Necessity of 4Rx PBCH test cases
· Option 1: introducing 4Rx PBCH test cases
· Option 2: not introducing 4Rx PBCH test cases
Proposal:
· Further discuss whether to introduce 4Rx PBCH test cases after collecting results from more companies in next meeting
· 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)
UE assumption on DMRS SSB index acquisition for PBCH demodulation
· Option 1: Derive requirements assuming without  knowledge of  SSB  index
· Option 2: Derive two kinds of requirements with and without knowledge of SSB index  
Proposal:
· Introduce PBCH requirements assuming without knowledge of SSB index. 
· PBCH requirements  is derived with the combination of SSB index detection probability and MIB decoding probability
· Whether to introduce requirements with knowledge of SSB index will be further discussed after collecting results from more companies in next meeting


In this contribution we provide simulation results for NR PBCH test cases and views on PBCH demodulation requirements.

2. Simulation Results
2.1 Simulation Assumptions
The simulation parameters for PBCH test cases agreed in [1] are summarized below.

Table 1: Common parameters for PBCH 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: Test cases for PBCH Demodulation
	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
	1x2
1x4
	1x2
1x4
	1x2
	1x2

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

	Assumption on DMRS SSB index acquisition 
	a: SS/PBCH block index is known
b: SS/PBCH block index is not known



The UE combines PBCH symbols for the same SSB index within the MIB TTI.
2.2 FR1 Results
In this section we present alignment results for FR1 test cases with 2Rx and 4Rx.

	2Rx
	4Rx
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Figure 1: PBCH Simulation results in FR1



The tables capture the SNR (dB) @ 1% Pm-bch. The simulations are run with and without 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

	
	
	
	
	
	
	With DMRS Seq Det
	Without DMRS Seq Det

	Test 1
	10MHz
	15kHz
	Case A
	1x2
	TDL-C-300; 100Hz
	-8.9
	-9.8

	Test 2-1
	40MHz
	30kHz
	Case B
	1x2
	TDL-A-30; 10Hz
	-7.1
	-7.6

	Test 2-2
	40MHz
	30kHz
	Case C
	1x2
	TDL-A-30; 10Hz
	-7.1
	-7.7



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

	
	
	
	
	
	
	With DMRS Seq Det
	Without DMRS Seq Det

	Test 1
	10MHz
	15kHz
	Case A
	1x4
	TDL-C-300; 100Hz
	-11.7
	-12.2

	Test 2-1
	40MHz
	30kHz
	Case B
	1x4
	TDL-A-30; 10Hz
	-10.4
	-10.8

	Test 2-2
	40MHz
	30kHz
	Case C
	1x4
	TDL-A-30; 10Hz
	-10.5
	-10.8



2.3 FR2 Results
In this section we present alignment results for FR2 test cases with 2Rx.
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Figure 2: PBCH Simulation Results in FR2





The tables capture the SNR (dB) @ 1% Pm-bch. The simulations are run with and without 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

	
	
	
	
	
	
	With DMRS Seq Det
	Without DMRS Seq Det

	Test 3
	100MHz
	120kHz
	Case D
	1x2
	TDL-A-30; 300Hz
	-8.5
	-9.4

	Test 4
	100MHz
	240kHz
	Case E
	1x2
	TDL-A-30; 75Hz
	-8.9
	-10.0



2.4 Impairment Results
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

	
	
	
	
	
	
	With DMRS Seq Det
	Without DMRS Seq Det

	Test 1
	10MHz
	15kHz
	Case A
	1x2
	TDL-C-300; 100Hz
	-7.4
	-8.3

	Test 2-1
	40MHz
	30kHz
	Case B
	1x2
	TDL-A-30; 10Hz
	-5.6
	-6.1

	Test 2-2
	40MHz
	30kHz
	Case C
	1x2
	TDL-A-30; 10Hz
	-5.6
	-6.2

	Test 1
	10MHz
	15kHz
	Case A
	1x4
	TDL-C-300; 100Hz
	-10.2
	-10.7

	Test 2-1
	40MHz
	30kHz
	Case B
	1x4
	TDL-A-30; 10Hz
	-8.9
	-9.3

	Test 2-2
	40MHz
	30kHz
	Case C
	1x4
	TDL-A-30; 10Hz
	-9.0
	-9.3

	Test 3
	100MHz
	120kHz
	Case D
	1x2
	TDL-A-30; 300Hz
	-7.0
	-7.9

	Test 4
	100MHz
	240kHz
	Case E
	1x2
	TDL-A-30; 75Hz
	-7.4
	-8.5




3. PBCH Demodulation Requirement
In the Section 2 we present PBCH results with and without PBCH-DMRS sequence detection. In RAN4#89 it was agreed to introduce PBCH tests with PBCH-DMRS sequence detection. Test cases without PBCH-DMRS sequence detection were FFS. Based on the results presented, we observe that the operating SNR for PBCH test cases is already low with PBCH-DMRS sequence detection. Without PBCH-DMRS sequence detection in some cases the operating SNR is even further reduced. Testing the UE at such low operating SNRs may not be feasible and practical.
Observation #1: Operating SNR for some test cases is even further reduced without PBCH-DMRS sequence detection
Based on the observations above we recommend not to introduce tests without PBCH-DMRS sequence detection.
Proposal #1: For PBCH demodulation do not introduce requirements without PBCH-DMRS sequence detection

4. Conclusion
In this paper we present alignment and impairment results for PBCH test cases and also provide our views on NR PBCH demodulation requirements. Our observations and proposals are summarized below.
Observation #1: Operating SNR for some test cases is even further reduced without PBCH-DMRS sequence detection
Proposal #1: For PBCH demodulation do not introduce requirements without PBCH-DMRS sequence detection
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