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1. Introduction
In RAN1#89 meeting [1], SS block composition and PBCH RE mapping related issues were discussed, and several agreement were made as follows:
	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 continue to discuss on SS block composition and PBCH RE mapping.
2. Discussion
SS Block composition
In initial access state, NR-PBCH can be used as reference signal for fine time/frequency tracking. In order to enhance the estimation accuracy, it is better that two OFDM symbols for NR-PBCH are located with longer distance [2]. In this aspect, we propose that 1st and 4th OFDM symbols of SS block are used for NR-PBCH transmission. Also, followed by the agreement regarding OFDM symbol position for PSS and SSS, 2nd OFDM symbol is assigned for NR-PSS, and 3rd OFDM symbol is occupied for NR-SSS.
Proposal 1: The time position of NR-PSS/NR-SSS/NR-PBCH is defined as follows:

· 1st and 4th OFDM symbols are assigned for NR-PBCH.
· 2nd OFDM symbol is assigned for NR-PSS.
· 3rd OFDM symbol is assigned for NR-SSS.
PBCH RE mapping

In our companion contribution [3], we provide evaluation result of PBCH decoding performance according to the number of RE for DMRS. From the evaluation result, we concluded that 192REs for DMRS and 384REs for Data are used when two OFDM symbols are assigned. In this case, if 64bits of payload size is assumed, 1/12 coding rate can be achieved, which is same coding rate with LTE PBCH.
Based on this observation, we can continue to discuss on the modulated symbol to RE mapping. As discussed in the last meeting, we can consider one method that NR-PBCH coded bit are mapped across RE in a PBCH symbol, and NR-PBCH is copied. This method have a potential weak point in terms of interference randomization and decoding performance. On the other hand, another method that NR-PBCH coded bits are mapped across REs in N PBCH symbols could be shown better performance. 
In our companion contribution [4], we provide evaluation result of PBCH decoding used by Polar code. In this evaluation, we assume two kinds of method of coded bit mapping (i.e. same coded bits over two OFDM symbols, different coded bits over two OFDM symbols). In the result, it can be observed that method of different coded bits over two OFDM symbols provides better performance because of more redundant bits. So, we consider that the method of different coded bits over two OFDM symbols is supported.
Proposal 2: NR should support the RE mapping method which is NR-PBCH coded bits are mapped across REs in N PBCH symbols.

In NR system, multiple numerology is supported. So, numerology for SS block transmission could be different with numerology for normal Data transmission. Also, when different types of channel (e.g. PBCH, PDSCH) are multiplexed in frequency domain, Inter-Carrier Interference (ICI) due to spectrum emission is appeared, which could bring performance degradation. In order to resolve this problem, we can consider to introduce guard frequency between PBCH and PDSCH. As an option, it can be applied that network dose not assign the adjacent RBs for data transmission in order to reduce the effect of ICI. However, it is not efficient way because large number of RE should be reserved as guard frequency. As an efficient method, one or multiple subcarrier(s) of edges within PBCH transmission bandwidth is/are reserved as a guard frequency. Exact number of reserved RE(s) could be changed according to subcarrier spacing of PBCH. For example, for 15kHz subcarrier spacing for PBCH transmission, two subcarriers could be reserved at each edge of PBCH transmission bandwidth. On the other hand, for 30kHz subcarrier spacing for PBCH transmission, one subcarrier could be reserved. 

Proposal 3: In order to reduce the effect of ICI due to different subcarrier spacing between PBCH and PDSCH, NR could consider to introduce guard frequency within PBCH transmission bandwidth.
As agreed in the previous meeting, NR-PBCH is allocated within 288 REs, which is 24 RBs. On the other hand, it is decided that the sequence for NR-PSS/NR-SSS has the length of 127, hence it can be assumed that 12 RBs are required for NR-PSS/NR-SSS transmission [5]. For SS block composition, we can define that SS block is allocated within 24 RBs. Also, the value of 24RB is appropriate for RB grid alignment between different numerologies (e.g. 15, 30, 60 kHz). Even NR assumes minimum bandwidth of 5MHz where 25 RBs for 15kHz subcarrier spacing can be defined, it should be assumed that 24RBs are used for SS block transmission. Also, it should be defined that NR-PSS/SSS is located at middle of SS Block, which means that NR-PSS/SSS are allocated within 7th to 18th RBs.

Proposal 4: It should be assumed that SS block is allocated within 24 RBs. Also, it should be defined that NR-PSS/SSS is located at middle of SS Block, which means that NR-PSS/SSS are allocated within 7th to 18th RBs.
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Figure 1. Resource mapping of SS block within 24 RBs and 4 OFDM symbols

3. Conclusion
In this contribution, we further discuss on SS block composition and PBCH RE mapping. From the discussion, we propose as follow:
Proposal 1: The time position of NR-PSS/NR-SSS/NR-PBCH is defined as follows:

· 1st and 4th OFDM symbols are assigned for NR-PBCH.
· 2nd OFDM symbol is assigned for NR-PSS.
· 3rd OFDM symbol is assigned for NR-SSS.
Proposal 2: NR should support the RE mapping method which is NR-PBCH coded bits are mapped across REs in N PBCH symbols.

Proposal 3: In order to reduce the effect of ICI due to different subcarrier spacing between PBCH and PDSCH, NR could consider to introduce guard frequency within PBCH transmission bandwidth.
Proposal 4: It should be assumed that SS block is allocated within 24 RBs. Also, it should be defined that NR-PSS/SSS is located at middle of SS Block, which means that NR-PSS/SSS are allocated within 7th to 18th RBs.
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