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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:
· RAN1 targets design of NR-PBCH payload size to be no larger than 72 bits and no less than 40 bits including CRC.
· Note: Based on the performance evaluation done so far, the upper limit range is between 72 and 48 bits
Agreements:
· RAN1 has agreed to include the following information in the NR-PBCH:
· (Part of) SFN: [7 - 10] bits
· Information for remaining minimum system information scheduling: [x] bits
· Bits reserved for future use: [x] bits
· CRC: [16+y] bits
Agreements:
· For NR-PBCH transmission, NR supports a single antenna port based transmission scheme only. 
· Same antenna port is defined for NR-PSS, NR-SSS and NR-PBCH within an SS block
· Single antenna port based transmission scheme for NR-PBCH is transparent to UEs
· Note that frequency domain PC is precluded
· DMRS for NR-PBCH is mapped on every NR-PBCH symbol
· Note: frequency domain RE density for DMRS is FFS
Agreement:
· Polar coding is adopted for NR-PBCH
· Using same polar code construction as for the control channel
· Nmax = 512

In this contribution, we discussed some design principles for multi-beam based NR-PBCH transmission and related observations for NR-PBCH for single and multi-beam initial access. Particularly, we discussed NR-PBCH designs including contents and payload for NR-PBCH.
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Transmission Scheme and Reference Signal
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. 
In high frequency band NR transmissions (such as above 6 GHz transmission), both analogue beamforming technology based multi-beam transmission and hybrid schemes that combine digital and analogue beamforming technologies may be considered. In high frequency bands, the transmission on each antenna port may be associated with multiple antenna elements, and the analog beamforming on each antenna port could be used for further beamforming gain. The analog beamforming could adjust beam direction and beam width for the antenna port. The control of the analog beamformer may depend on prior knowledge of the UE geographic distributions if such information is provided or known.
The transmission of NR-PBCH may be based on precoder cycling. The NR-PBCH and self-contained DMRS within NR-PBCH may use the same precoder sets and apply the same precoder cycling patterns with the gNB or TRP performing digital beam sweeping. In high frequency bands, precoder cycling may be combined with an analogue multi-beam based scheme for NR-PBCH transmission. 
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 may 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. Design for NR-PBCH and its payload should consider the signal overhead of DMRS, payload size as well as coding rates of NR-PBCH for the given physical resource size allocated to NR-PBCH. Frequency domain resource element (RE) density for DMRS should be optimized between channel estimation accuracy and coding rate for NR-PBCH payload. DMRS density without incurring unreasonably high overhead should be considered.
Proposal 1: Overhead of self-contained DMRS should be considered for NR-PBCH design.
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Contents and Payload
NR-PBCH may have relatively small payload sizes to carry part of the minimum system information. The contents of the NR-PBCH may include at least part of the system frame number (SFN), configuration information for system information transmission and CRC. In case SS block is explicitly indicated in NR-PBCH, NR-PBCH contents may also include timing information for SS block such as SS block index. The number of bits used to indicate SFN may be for further study. The exact number of bits specified for SFN may depend on the SFN indication method. Some of the SFN may be indicated explicitly and some of the SFN may be indicated implicitly. The exact number of bits for the CRC may also be for further study. 
The SS block index may be used by the UE to derive the symbol index or slot index in a radio frame. A time index may be used for every SS-block within an SS-burst set. Or a time index that is specific to each SS-block may be used within an SS-burst, and an SS burst index that is specific to each SS burst may be used within an SS-burst set. The SS burst index could be common across SS blocks in each SS-burst and may be indicated using implicit or explicit indication by NR-PBCH or other signal. However additional signal is to be determined if this is necessary.  
It was agreed to include the following information in the NR-PBCH: part of SFN, information for remaining minimum system information scheduling, bits reserved for future use and CRC. 
In addition, bits for information regarding bandwidth part may also be needed. Information for quick identification of no corresponding RMSI to the PBCH and information for quick identification that UE can not camp on the cell may also be considered.
The content of the NR-PBCH was discussed in RAN1 in order to determine the number of bits that are needed to be carried by the NR-PBCH. It was agreed to include the following information in the NR-PBCH:
· (Part of) SFN: [7 - 10] bits 
· Information for remaining minimum system information scheduling: [x] bits 
· Bits reserved for future use: [x] bits
· CRC: [16+y] bits (16+3)

SFN: SFN should be carried in NR-PBCH. At least part of SFN should be explicitly carried in NR-MIB. Although the entire 10 bits may be carried in NR-MIB, it is desirable to have some bits indicated implicitly and some bits indicated explicitly in payload for several reasons: to minimize the payload size of NR-PBCH, to support soft combining of NR-PBCH for detection and decoding and to support 80 ms granularity for NR-PBCH TTI.  For example, 7 out of 10 bits (e.g., MSB) can be carried in NR-MIB and 3 out of 10 bits (e.g., LSB) can be implicitly indicated using e.g., scrambling operation, CRC or DMRS. It is necessary to indicate SS burst set and/or radio frame within 80 ms. If hyper SFN (H-SFN) is needed, it may be carried in NR-MIB. H-SFN should be 10 bits. However this may need feedback from RAN2.
RMSI: RMSI scheduling information may require some bits. This depends on how to configure CORESET(s) information. Simplified information of CORESET(s) with respect to CORESET(s) information for UE-specific configuration may be considered. For example, time and/or frequency resource configuration of CORESET(s) may be needed. Numerology of RMSI may be needed. This requires up to 2 bits to support different subcarrier spacing for 15KHz, 30KHz, 120KHz and possibly 240KHz. Bits for information regarding frequency resources for PDSCH scheduling may also be needed. 
CRC: Polar coding was adopted for NR-PBCH. It was agreed to use the same polar code construction as for the control channel. The codeword length Nmax = 512. Working assumption is that the data, including time index if carried by NR-PBCH excluding DMRS, is transmitted explicitly in NR-PBCH payload. It can be revisited if significant benefit is shown from partial implicit transmission of time index if it is allowed by the polar code design. 
CRC could be 19 bits or 21 bits. This will depend on the decision of channel coding decision. Currently for DL control channel, it was agreed to consider J’ = 3 or 6, which will be downselected at June adhoc meeting. It was agreed that J’’ = 0. If J’=6, working assumption is that at least some of the J + J’ bits are distributed. This includes to support early termination in the code construction. Consideration of J’=6 proposals without distributed J+J’ bits are not precluded. If J’=3, it is for futher study until June adhoc meeting whether some of the J + J’ bits are distributed. This also includes to support early termination in the code construction. It was agreed that consideration of distribution of bits shall consider complexity versus benefit and comparison to implementable purely implementation based methods for early termination.
Reserved bits: Bits reserved for future use should be at least 10 bits for forward compatibility and future extension, similar to LTE.
Additionally, whether the following L1 related information needs to be included may also be considered: 
· Information regarding bandwidth part: [x] bits
· Information for quick identification that there is no corresponding RMSI to the PBCH: [0-1] bits
· SS burst set periodicity: [0-3] bits
· Information on actual transmitted SS block(s): [0-x] bits
· Information on tracking RS: [x] bits
· Timing information within radio frame: [0 - 7] bits

Timing information: Timing information within radio frame is required. Timing information within radio frame may include SS block time index and half radio frame timing. SS block time index may require 0 - 6 bits. If implicit indication is used, no bit is carried in NR-MIB. If explicit indication is used, 6 bits are carried in NR-MIB. If combination of implicit and explicit indication is used, number of bits should be between 1 and 5 bits. In addition, half radio frame timing may be needed if SS block is allowed in one of the two half radio frame. One bit is sufficient for half radio frame timing. However if SS block is predetermined to reside in one of the two half radio frames, then this one bit may not be needed.
Actual transmitted SS blocks: Information regarding the following may also be considered: SS burst set periodicity, information on actual transmitted SS block(s) and information on tracking RS. SS burst set periodicity may be 0 - 3 bits. Bits for information on actual transmitted SS block(s) depends on maximum number of SS blocks and the corresponding indication scheme. Information on actual transmitted SS block(s) can be transmitted in RMSI. 
Furthermore, RAN2 may be considering the necessity of including the following higher layer information in the NR-PBCH
· Hyper-SFN
· Information for quick identification that UE cannot camp on the cell
· Area ID
· Value tag
· Cell ID extension
If required, additional bits should also be included in payload of NR-PBCH.

Proposal 2: Payload size for NR-PBCH may be around 64 bits or less.

The simulation results for NR-PBCH demodulation performance are shown in Figure 1 and Figure 2. Figure 1 shows the NR-PBCH demodulation performance for different payload size for DMRS density 1/3. Figure 2 shows the NR-PBCH demodulation performance for different payload size for DMRS density 1/4. The Polar coding is assumed as channel coding scheme for NR-PBCH. BLER performance vs SNR is shown for different TBS corresponding to different payload sizes (TBS + CRC) for NR-PBCH. 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 72 bits in the simulations. 

[image: C:\Users\panjl\AppData\Local\Microsoft\Windows\INetCache\Content.Outlook\AGSHX9P6\Alt2_Compare_TBS_dd_1_3 .png]
[bookmark: _Ref485394875]Figure 1: NR-PBCH Demodulation Performance (CDL)


[image: C:\Users\panjl\AppData\Local\Microsoft\Windows\INetCache\Content.Outlook\AGSHX9P6\Alt2_Compare_TBS_dd_1_4 .png]
[bookmark: _Ref485394895]Figure 2: NR-PBCH Demodulation Performance (CDL)




Conclusions
In this contribution, we discussed and evaluated the downlink broadcast signal and channel transmission for initial access for a beam-based approach in NR. We discussed NR-PBCH designs including payload and contents for NR-PBCH. We have the following proposals:
Proposal 1: Overhead of self-contained DMRS should be considered for NR-PBCH design.
Proposal 2: Payload size for NR-PBCH may be around 64 bits or less.
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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 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 Ports, 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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