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Introduction
In the RAN1 meeting NR Ad-Hoc [3] it was agreed that Polar Coding and TBCC will be used for channel coding scheme as part of simulation assumptions for NR-PBCH. In addition, in the RAN1 #88bis meeting [2] the following were agreed:
Agreements:
· SS burst set periodicity default value for initial cell selection: 20/20 msec
· Note that RAN1 assumes that RAN4 will investigate requirements
· Time index indication: PBCH conditioned that mobility and HO related requirements can be met
· Note: RAN1 assumes that RAN2 will check against to RAN2 requirements
· PBCH BW: 288 subcarriers, 2 OFDM symbols (additional symbols if MIB size larger than assumed)
· PBCH phase reference: DMRS
· PBCH TTI: 80 msec
Furthermore, in the RAN1 #89 meeting [1] the following were agreed:
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
· For evaluation purposes, followings should be considered
· Channel coding 
· Rate matching 
· Accuracy of CFO estimation
· DMRS RE mapping
· Channel estimation performance
· NR-PBCH one to four shot(s) performance within 80 msec
· Complexity of NR-PSS/SSS/NR-PBCH decoding and mobility measurement
· Reliability of time index
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

In this contribution, we discussed designs for multi-beam based NR-PBCH transmission and related observations for NR-PBCH for multi-beam initial access. Particularly, we discussed NR-PBCH designs including RE mappings for NR-PBCH and SS block composition.

[bookmark: _Ref465895131]NR-PBCH RE Mappings
In NR, it was agreed that single antenna port will be used for transmission of NR-PBCH. Single antenna port transmission is considered due to its simplicity and reasonable performance. For a single antenna port for NR-PBCH that is transmitted in an SS block, the antenna port of the PBCH may be the same as the antenna port of NR-SSS in the SS block. NR-SSS can be used as a reference signal for NR-PBCH demodulation. In order to use NR-SS as a reference signal, time-division multiplexing (TDM) of NR-SS and NR-PBCH is preferred and agreed.
A reference signal that is dedicated to the NR-PBCH can be used. This reference signal is self-contained within the NR-PBCH in which even without any additional reference signal, NR-PBCH can still be able to be demodulated. This NR-PBCH dedicated demodulation reference signal (DMRS) can be multiplexed and embedded within the NR-PBCH resources, and can be used for NR-PBCH demodulation. 
Two alternatives for NR-PBCH RE mappings are considered:
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
Although other alternatives are not precluded, we mainly focus on the two alternative RE mappings for NR-PBCH above. For evaluation purposes, the followings should be considered: Channel coding, Rate matching, Accuracy of CFO estimation, DMRS RE mapping, Channel estimation performance, NR-PBCH one to four shot(s) performance within 80 msec, Complexity of NR-PSS/SSS/NR-PBCH decoding and mobility measurement and Reliability of time index. Constellation for NR-PBCH RE may use QPSK. The RE mapping may use frequency first mapping scheme for NR-PBCH.
In order to consider both alternatives, the performance for Alt1 and Alt2 are compared. The simulation results for NR-PBCH demodulation performance are shown in Figure 1, Figure 2 and Figure 3. The Polar coding is used as channel coding scheme for NR-PBCH. BLER performance vs SNR is shown for different payload sizes and coding rates for NR-PBCH for both RE mappings. 24 PRBs and 288 subcarriers are assumed. NR-PBCH occupied 2 OFDM symbols. NR-PBCH payload size including CRC bits ranges from 48 bits to 80 bits in the simulations. 
NR-PBCH BLER performance with both alternative data RE mappings is shown for DMRS density 1/3, 1/4 and 1/6 in Figure 1, Figure 2 and Figure 3 respectively. It is observed that the performance difference between Alt. 1 and Alt. 2 are within 0.2 dB. In many cases there is no performance difference between Alt. 1 and Alt. 2. 
It is observed that Alt. 1 and Alt. 2 have the same or similar performance across different DMRS density 1/3, ¼ and 1/6. As compared to Alt. 1, Alt. 2 may have advantage that UE can decode the NR-PBCH in the first NR-PBCH OFDM symbol without decoding the second NR-PBCH OFDM symbol, especially at high SNR e.g., when UE is close to gNB or TRP. This can reduce NR-PBCH decoding complexity. In addition, since UE can decode the NR-PBCH in the first NR-PBCH OFDM symbol without decoding the second NR-PBCH OFDM symbol, the latency for reading NR-PBCH can be reduced as well.
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[bookmark: _Ref485594452]Figure 1: NR-PBCH Demodulation Performance (CDL)
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[bookmark: _Ref485594456]Figure 2: NR-PBCH Demodulation Performance (CDL)
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[bookmark: _Ref485594464]Figure 3: NR-PBCH Demodulation Performance (CDL)


Proposal 1: NR may support RE mappings for 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.

SS Block Composition
Four options for SS block composition may be considered as follows: 
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

Different multiplexing and arrangement for PSS, SSS and PBCH in a SS block using TDM is possible. For example, the PSS, SSS and PBCH may be arranged at the order of PSS, PBCH, SSS and PBCH. The design principle could be to keep SSS closer to PBCH so that SSS can be used as reference signal for PBCH for enhanced channel estimation and data detection performance or reduced DMRS overhead.
Another way to multiplex and arrange PSS, SSS and PBCH is to place PBCH on both sides while keeping PSS and SSS in between PBCHs. The PSS, SSS and PBCH could be arranged at the order of PBCH, PSS, SSS and PBCH. If the design principle is to keep PSS closer to SSS, the resulting TDM multiplexing and arrangement of PSS, SSS and PBCH may be at the order of PSS, SSS, PBCH and PBCH as well.
Since having PSS closer to SSS could result in better joint detection rate for NR-SS due to coherent NR-SSS detection, PSS-SSS-PBCH-PBCH may be considered from this perspective. When SSS is closest to the first PBCH but not closest to the second PBCH, in this case DMRS can be used to compensate channel estimation accuracy for second PBCH. On the other hand, having PBCH closer to SSS could result in better decoding performance for NR-PBCH due to enhanced channel estimation performance, PSS-PBCH-SSS-PBCH may also be considered from this perspective. 
An NR-PBCH dedicated DMRS for PSS-SSS-PBCH-PBCH multiplexing order is depicted in Figure 4. An NR-PBCH dedicated DMRS for PSS-PBCH-SSS-PBCH multiplexing order is depicted in Figure 5. An NR-PBCH dedicated DMRS for PBCH-PSS-SSS-PBCH multiplexing order is depicted in Figure 6. The repeated NR-PBCH dedicated DMRS may be placed in the same frequency location or subcarriers for each antenna port in order to assist CFO estimation. 



[bookmark: _Ref485594151]Figure 4: NR-PBCH dedicated demodulation reference signal (PSS-SSS-PBCH-PBCH)



[bookmark: _Ref485334648][bookmark: _Ref485334637]Figure 5: NR-PBCH dedicated demodulation reference signal (PSS-PBCH-SSS-PBCH)





[bookmark: _Ref473648247][bookmark: _Toc473902074]Figure 6: NR-PBCH dedicated demodulation reference signal (PBCH-PSS-SSS-PBCH)


Proposal 2: PSS-PBCH-SSS-PBCH or PSS-SSS-PBCH-PBCH for SS block composition may be considered.

Conclusions
In this contribution, we discussed and evaluated the designs for multi-beam based NR-PBCH transmission and related observations for NR-PBCH for multi-beam initial access. Particularly, we discussed NR-PBCH designs including RE mappings for NR-PBCH and SS block composition. We have the following proposals:

Proposal 1: NR may support RE mappings for 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.
Proposal 2: PSS-PBCH-SSS-PBCH or PSS-SSS-PBCH-PBCH for SS block composition may be considered.
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Appendix: Evaluation Assumptions


[bookmark: _Ref465929413]Table 1. Link Level Simulation Assumptions

	Parameter
	Values for Above 6GHz

	Carrier Frequency
	30 GHz

	Channel Model
	CDL-C 30nS, 3kmph Doppler

	Subcarrier Spacing(s)
	120KHz 

	Antenna Configuration at the TRP
	(4,8,2), with directional antenna element (HPBW=65 degrees, directivity 8dB)

	Antenna Configuration at the UE
	(2,4,2), with directional antenna element (HPBW=90 degrees, directivity 5dB)

	Channel Coding
	PC Polar Codes, Decoder List Length = 8, (CRC assisted Decoding not used)

	Polar Code word length
	512

	TBS Sizes
	32, 40, 48, 56, 64 Bits

	CRC Size
	16 Bits

	Number of RBs Used 
	24

	Modulation
	QPSK

	Number of OFDM Symbol
	2
· Alt1 with data repetition across both OFDM symbol
· Alt2 with OFDM symbol repetition

	DMRS Density
	1/6, ¼, 1/3

	Channel Estimation
	2D MMSE, Using DMRS only in PBCH

	Transmit Port
	Single Port Transmission

	Receiver
	Receive Diversity with 2 Rx antennas, MMSE Equalization 

	SNR
	Receiver SNR

	Residual CFO
	10% Of SCS, 12KHz,

	Residual CFO Compensation
	· Alt1 Using DMRS symbols
· Alt2 Using all Data + DMRS symbols
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