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Introduction
In RAN1#89 meeting regarding NR PBCH RE mapping in SS Block, the following agreement was reached [1]
Agreements: 
· For SS block composition, the following should be supported
· Confirm the working assumption that NR-PSS, NR-SSS and NR-PBCH are present in every SS block
· NR-PSS is mapped before NR-SSS.
· In case that number of PBCH symbols is two within a SS block,
· Option 1: The mapping order of SS blocks is PSS-SSS-PBCH-PBCH
· Option 2: The mapping order of SS blocks is PSS-PBCH-SSS-PBCH
· Option 3: The mapping order of SS blocks is PBCH- PSS-SSS-PBCH
· Option 4: The mapping order of SS blocks is PSS-PBCH-PBCH-SSS
· Down selection from above options should be done together with NR-PBCH design decision

Agreements:
· Down select from following alternatives based on further evaluation/analysis in the next meeting
· Alt. 1: NR-PBCH coded bits are mapped across REs in N PBCH symbols, where N is the number of PBCH symbols in a NR-SS block
· Alt. 2: NR-PBCH coded bits are mapped across REs in a PBCH symbol, the NR-PBCH symbol is copied to N-1 NR-PBCH symbol in a NR-SS block
· Other Alternatives are not precluded

In this contribution, we will discuss NR PBCH RE mapping scheme. The evaluation results are shown for the selection of RE mapping scheme for NR-PBCH.

Discussion
The location of NR PBCH in SS block
According to RAN1#89 agreements, the location of NR PBCH in SS block has four options as Figure 1 shown.



(a) PSS-SSS-PBCH-PBCH                  (b) PSS-PBCH-SSS-PBCH        (c) PBCH-PSS-SSS-PBCH        (d) PSS-PBCH-PBCH-SSS
Figure 1 Candidate schemes of SS block composition
In order to down select one of the SS block compositions, we need to consider several aspects such as carrier frequency error estimation, channel estimation accuracy for NR PBCH, interference of band edge etc. Since self-contained DMRS for NR-PBCH is introduced, NR-SSS could be used to  DMRS of NR-PBCH for channel estimation. However, it is vital of fining the residual frequency error after coarse synchronization of NR-PSS and NR-SSS to guarantee system performance. Based on PSS and SSS of four options in the Figure 1 the evaluation result of residual frequency error estimation is shown in Figure 2. From Figure 2 we can see the scheme (d) PSS-PBCH-PBCH-SSS shows least residual frequency error due to the largest time symbol interval between PSS and SSS. 
[image: ]
Figure 2 Residual frequency errors with four SS block composition schemes

Proposal 1: The structure of PSS-PBCH-PBCH-PSS should be the construction of SS block, which has the advantage of time and frequency tracking after coarse synchronization of NR-PSS and NR-SSS.


NR PBCH RE mapping
In RAN1#88bis, PBCH with 576 REs (288 REs on two symbols) was agreed to have compatible coding gain as that in LTE. 576 REs for NR-PBCH is about twice capacity of LTE. However, the contents in NR-PBCH might be more than twice of that in LTE. In RAN1#89, There are two alternatives to down select the RE mapping pattern for NR PBCH. One is that NR-PBCH coded bits are mapped across REs in N PBCH symbols and the other is that NR-PBCH coded bits are mapped across REs in a PBCH symbol, the NR-PBCH symbol is copied to N-1 NR-PBCH symbol in a NR-SS block. We will prefer to select the alternative 1. The first scheme can result in better coding gain with larger coded block size than that of the second scheme as shown in[3]. It is beneficial of maximizing the performance gain of NR PBCH based on the Polar coding scheme. 
Proposal 2: The alternative 1 of NR PBCH RE mapping to two symbols should be selected as the PBCH RE mapping scheme for better performance gain.

Performance evaluation
In this section, we will evaluate the NR PBCH performance with different shots based on aforementioned selected structure of SS block and RE mapping scheme. The simulation assumption is shown in Appendix. From our simulation results in [2], 4 REs DMRS per RB per symbol is used for reference signal of NR-PBCH.
Figure 3 shows BLER performances with different shots of combining based on Hash Polar channel coding structure with mother code length 512 as shown in[3]. It is observed that chase combining of more than one NR-PBCH transmission can achieve BLER below 1 % @ -6 dB for the payload size of 72bits. 



[image: ]
Figure 3 Performance of comparison on different combining shots of NR PBCH

Observation 1: Chase combining of more than one NR-PBCH transmission can achieve BLER below 1 % @ -6 dB for the payload size of 72bits. 

Conclusion
In this contribution, we propose NR PBCH RE mapping in SS block. We have the following proposals and observations,
· Proposal 1: The structure of PSS-PBCH-PBCH-PSS should be the construction of SS block, which has the advantage of time and frequency tracking  after coarse synchronization of NR-PSS and NR-SSS.

· Proposal 2: The alternative 1 of NR PBCH RE mapping to two symbols should be selected as the PBCH RE mapping scheme for better performance gain. 

· Observation 1: Chase combining of more than one NR-PBCH transmission can achieve BLER below 1 % @ -6 dB for the payload size of 72bits. 
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Appendix

Table Ⅱ: Simulation assumptions for NR-PBCH
	Attributes
	Value or assumptions

	Carrier Frequency
	4 GHz

	Channel Model
	TDL-C, 100ns

	Subcarrier Spacing(s)
	15kHz

	Frequency resource
	24PRB

	Time resource
	2 OFDM symbols

	UE speed
	3 km/h 

	Antenna Configuration
	2Tx2Rx

	DMRS
	Self-contained DMRS

	Channel coding scheme
	Polar code

	Periodicity
	20ms with PBCH block size of 80 ms

	Payload size
	72bits (including CRC)

	Channel estimation
	MMSE2D

	Performance Target
	1% BLER @ -6dB (average received SNR)
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