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1. Introduction

NR PBCH demodulation have been discussed for a few meeting cycles. In RAN4#88bis meeting, a way forward was approved in [1]. In this contribution, we discuss the open issues for NR PBCH and provide simulation results with and without impairment.

2. Simulation assumption
The common setup and simulaiton assumption of PBCH demodulation are provided as below.
	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


	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 


3. Simulation results
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Whether to introduce 4Rx PBCH demodulation requirements has been discussed in RAN4 for many meetings. The agreement from last meeting is that [1]:
· 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
According to our simulation results, it can be seen that PBCH with 4Rx can bring significant gain compared to 2Rx, which is very important for network coverage. In LTE, there is no PBCH requirements with 4Rx, since 4Rx is introduced from Rel-12 and the network was already deployed based on 2Rx. However, in NR, 4Rx is introduced from the beginning and mandatory support in n38, n41, n77, n78 and n79. Network can only consider the coverage of 4Rx UE, and save some cost for deployment. Also, considering that 4Rx PDCCH is tested under the condition that continuous PDSCH grants in very slots, it means that UE will use 4Rx when there are continuous PDSCH transmission. In this case, we assume that UE will also used 4Rx to decode PDCCH and PBCH. Hence, it is important to define the 4Rx PBCH demodulation requirements.

Since companies have concern on the power consumption of decoding PBCH in idle mode, last meeting, we agree that if 4Rx PBCH requirements is introduced, whether to apply 4Rx PBCH requirements is up to UE declaration. With this applicability rule, there is no such mandatory requirement on UE supporting 4Rx PBCH decoding. 
Proposal 1: It is proposed to defne 4Rx PBCH demodulation requirements in Rel-15.
Also, according to the agreed WF [1], RAN4 will 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 also provide simulation results considering the case with and without the knowledge of SSB index.
The results of without knowledge of SSB index is 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 SSB index [2].
From the simulation results, it is observed that PBCH multi-shot performance (without SSB index acquisition) is 2~3dB better than SSB index acquisition performance. Considering that UE usually does not know the SSB index for initial cell search, the case that PBCH demodulation without the knowledge of SSB index is more practical.  
Proposal 2: It is proposed to consider defiing PBCH demodulation requirements without the knowledge of SSB index (or PBCH DMRS sequence).
4. Conclusion
In this contribution, we provide PBCH simulation results and our views on the left open issues on PBCH demodulation requirements.

Proposal 1: It is proposed to defne 4Rx PBCH demodulation requirements in Rel-15.
Proposal 2: It is proposed to consider defiing PBCH demodulation requirements without the knowledge of SSB index (or PBCH DMRS sequence).
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