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1. Introduction
In RAN4#88 NR PBCH requirements were discussed, but no agreements were made. The main controversial aspect was whether 4RX PBCH requirements shall be introduced for FR1. In this contribution we present our views on PBCH performance requirements in NR.
2. Discussion
From the discussion in RAN4#88, no consensus was reached on the PBCH performance requirements. In general, the following aspects can be considered as a common assumption among the companies (based on [1]):
	· RAN4 introduces the PBCH demodulation requirements in Rel-15. 
· Note the PBCH demodulation requirements do not need to be tested in RAN5 as same as LTE PBCH demodulation requirements.
· 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). 
· UE Receiver Assumptions: 
· Baseline receiver for PBCH requirements shall be LMMSE receiver


2.1 Test cases for PBCH
The common parameters discussed in RAN4#88 for test cases are listed in Table 1 [1].
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


In Table 2 we provide the simulation assumptions for initial simulation alignment proposed in [1] (not agreed):
Table 2: Testcases for PBCH simulation alignment
	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
	TDL-C
RMS DS=300ns
Doppler=100Hz
	TDL-A
RMS DS=30ns,
Doppler=10Hz
	TDL-A
RMS DS=30ns,
Doppler=75Hz
	TDL-A
RMS DS=30ns,
Doppler=300Hz

	Note 1: Depending on the operating band. Refers to TS38.101-1 Table 5.4.3.3-1 for which band uses which pattern
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Figure 1: PBCH Performance in FR1
In Table 3 we provide the summary of simulation results for the SNR @ 1% Pm-bch for the FR1 PBCH performance for the case of using 2 and 4 RX antennas.
Table 3: Simulation Results for PBCH for FR1
	Test
	SNR (dB) @ 1% Pm-bch

	
	1x2
	1x4

	Test 1
	-5.3
	-9.0

	Test 2-1
	-3.0
	-7.7

	Test 2-2
	-3.0
	-7.5




Based on the results in Table 3, we see that the SNR @ 1% Pm-bch with 4Rx antenna is very low (in the range from -7.5 to -9 dB) and not feasible to define test cases. Under such low SNR conditions the UE RRM performance is not guaranteed and defining demodulation requirements is meaningless. For the particular low SNR conditions UE most likely will not be able to operate with the serving cell and will trigger handover to another cell.
Observation #1: The SNR operating range for PBCH testcases with 4Rx is very low -9 to -7.5 dB
Also, PBCH is transmitted in along with PSS/SSS in SS-Block. In NR the RRM requirements based on SS/PBCH block are limited to 2Rx. Technically UE cannot use 2RX for PSS/SSS reception and 4RX for PBCH reception. In case the 4RX PBCH demodulation requirements are defined, similarly 4RX RRM requirements shall be considered which contradicts the RRM requirements design assumptions. Hence, demodulation requirements can be limited to 2Rx as well.
Observation #2: In NR RRM requirements based on SS/PBCH are limited to 2Rx
Enabling 4Rx for SS/PBCH reception significantly increases UE power consumption due to cell searcher complexity in NR. There is no clear motivation to mandate 4Rx requirements for PBCH in NR. 
Observation #3: Enabling 4Rx for SS/PBCH increases UE power consumption significantly
The motivation to introduce 4Rx requirements for PBCH is not clear. The performance with 2Rx already shows very good coverage and doesn’t suggest to be a bottleneck to performance. In particular, PBCH typically has the most reliable demodulation performance among all DL channels Also UE coverage is typically limited by uplink performance rather than PBCH. Hence, in order to justify the introduction of the 4RX PBCH requirements, interested companies are encouraged to provide the MCL (maximum coupling loss) analysis proving that 4RX PBCH processing can give any benefits in the practical deployments. We also note, that in case better coverage for PBCH is desired, the SS/PBCH periodicity could be reduced to 5ms or 10ms in order to enable more combining within the 80ms PBCH TTI.
Observation #4: Motivation to introduce 4Rx requirements for PBCH is not clear
Observation #5: PBCH performance is not a bottleneck factor for the network coverage and the coverage is typically limited by UL physical channels
Observation #6: PBCH performance with 2Rx can be further improved by lowering the SSB periodicity to 5ms or 10ms and enabling more SSBs to be combined within the PBCH TTI. 
Based on the observations made regarding PBCH performance with 2Rx, it doesn’t seem necessary to introduce requirements with 4Rx for PBCH.
Proposal #1: Do not introduce 4RX PBCH performance requirements
Furthermore, we note that at current stage there are no PBCH conformance tests in RAN5 and, therefore, the PBCH demodulation performance requirements serve mostly the reference purpose. So, there is not strong motivation to introduce the respective requirements in Rel-15. In case no consensus on the common scenarios could be reached, we recommend RAN4 to further deprioritize work on PBCH requirements and focus on the remaining physical channels.
Proposal #2: Deprioritize the work on the PBCH performance requirements definition
3. Conclusions
In this contribution we provide simulation results and propose test cases for PBCH performance requirements. We have the following observations and proposals:
Observation #1: The SNR operating range for PBCH testcases with 4Rx is very low -9 to -7.5 dB
Observation #2: In NR RRM requirements based on SS/PBCH are limited to 2Rx
Observation #3: Enabling 4Rx for SS/PBCH increases UE power consumption significantly
Observation #4: Motivation to introduce 4Rx requirements for PBCH is not clear
Observation #5: PBCH performance is not a bottleneck factor for the network coverage and the coverage is typically limited by UL physical channels
Observation #6: PBCH performance with 2Rx can be further improved by lowering the SSB periodicity to 5ms or 10ms and enabling more SSBs to be combined within the PBCH TTI. 

Proposal #1: Do not introduce 4RX PBCH performance requirements
Proposal #2: Deprioritize the work on the PBCH performance requirements definition
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