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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:
Working assumption:
· For NR-PBCH transmission, NR supports a single antenna port based transmission scheme only. 
· FFS: Same or different antenna port(s) are defined for NR-PSS, NR-SSS and NR-PBCH within an SS block
· Companies are encouraged to further evaluate NR-PBCH performance
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

In the RAN1 #89 meeting it was further agreed for the following [1]:
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
· Down select RE mapping scheme for the DMRS with consideration for required amount of REs for NR-PBCH
· Option 1: DMRS sequence is mapped on subcarriers with equal interval
· Option 2: DMRS sequence is mapped on subcarriers with unequal interval (e.g., less or no mapping within NR-SSS transmission bandwidth)
· DMRS sequence depends on at least cell IDs

In this contribution, we discussed DMRS designs 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 reference signal designs including DMRS design, DMRS density and RE mapping for DMRS.


[bookmark: _Ref465895131]NR Physical Broadcast Channel 
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. Precoder cycling patterns can be performed. 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. 
An NR-PBCH dedicated DMRS with one antenna port for PSS-SSS-PBCH-PBCH multiplexing order is depicted in Figure 1. An NR-PBCH dedicated DMRS with one antenna port for PSS-PBCH-SSS-PBCH multiplexing order is depicted in Figure 2. The repeated NR-PBCH dedicated DMRS are placed in the same frequency location or subcarriers for each antenna port in order to assist CFO estimation. 



[bookmark: _Ref473648247][bookmark: _Toc473902074]Figure 1: NR-PBCH dedicated demodulation reference signal (PSS-SSS-PBCH-PBCH)



[bookmark: _Ref485334648][bookmark: _Ref485334637]Figure 2: NR-PBCH dedicated demodulation reference signal (PSS-PBCH-SSS-PBCH)


Proposal 1: Joint NR-SSS and DMRS may be considered for NR-PBCH demodulation.

RE Mappings for DMRS
DMRS may be generated using M sequence or Gold sequence. The generated DMRS for NR-PBCH is mapped on every NR-PBCH symbol. There are two options to be considered for DMRS RE mapping:
 
· Option 1: Even or Uniform Mapping
In option 1, DMRS sequence is mapped on subcarriers with equal interval.

· Option 2: Uneven or Non-uniform Mapping
In option 2, DMRS sequence is mapped on subcarriers with unequal interval. Since NR-SSS can be used to assist channel estimation, less density or no mapping for NR-PBCH DMRS within NR-SSS transmission bandwidth can be considered.

In case of uneven or non-uniform RE mapping for DMRS, no NR-PBCH DMRS within NR-SSS transmission bandwidth is possible if NR-SSS can provide sufficiently accurate channel estimation. In order to cover high vehicular speed case, some NR-PBCH DMRS within NR-SSS transmission bandwidth may also be possible. However DMRS density within NR-SSS transmission bandwidth can be lower than DMRS density outside NR-SSS transmission bandwidth. For PSS-SSS-PBCH-PBCH or PBCH-PSS-SSS-PBCH, where PBCH is far from SSS, DMRS density for far PBCH can be higher than DMRS density for near PBCH.
Uneven or non-uniform RE mapping for DMRS for PSS-SSS-PBCH-PBCH is depicted in Figure 3. Uneven or non-uniform RE mapping for DMRS for PSS-PBCH-SSS-PBCH is depicted in Figure 4.





[bookmark: _Ref485335116]Figure 3: Uneven or non-uniform NR-PBCH dedicated demodulation reference signal 
(PSS-SSS-PBCH-PBCH)




[bookmark: _Ref485335123]Figure 4: Uneven or non-uniform NR-PBCH dedicated demodulation reference signal 
(PSS-PBCH-SSS-PBCH)


Proposal 2: Non-uniform RE mappings can be used for NR-PBCH DMRS. DMRS sequence is mapped on subcarriers with unequal interval (e.g., less or no mapping within NR-SSS transmission bandwidth).

DMRS Density for NR-PBCH
Frequency domain RE density for DMRS should be considered and optimized for overhead and performance. RE mapping scheme for the DMRS should consider the required amount of REs for NR-PBCH. The higher the DMRS density is, the lower the amount of REs for NR-PBCH is and the higher coding rate NR-PBCH has. Since higher DMRS density can improve accuracy of channel estimate, thus enhance the performance of channel estimation. On the other hand, higher coding rate could incur performance degradation of NR-PBCH data decoding. Trade-offs should be made between coding rate of NR-PBCH and channel estimation accuracy.  
Even or uniform RE mapping for DMRS with density 1/3, ¼ and 1/6 are investigated. It can be observed that for lower payload size of PBCH, coding rate may be sufficient. Therefore channel estimation performance becomes more significant to PBCH performance. Higher DMRS density could be more beneficial. DMRS density 1/3 outperforms other lower DMRS density designs (i.e., 1/4, 1/6). This can be seen in Figure 5.
For medium size of PBCH payload, 1/3 and ¼ are comparable in performance. In some cases DMRS density 1/3 outperforms DMRS density ¼ while in other cases DMRS density ¼ outperforms DMRS density 1/3. This can be seen in Figure 6, Figure 7 and Figure 8. 
For higher payload size of PBCH, coding rate may become insufficient. Therefore channel estimation performance could become less significant to PBCH performance. Instead, coding rate may become more important. Higher DMRS density could be less beneficial. In this case DMRS density 1/4 outperforms other DMRS density designs (i.e., 1/3, 1/6). This can be seen in Figure 9. 
Frequency domain RE density for DMRS should be optimized between channel estimation accuracy, coding rate for NR-PBCH payload and DMRS overhead.

[image: C:\Users\panjl\AppData\Local\Microsoft\Windows\INetCache\Content.Outlook\AGSHX9P6\TBS32 (003).png]
[bookmark: _Ref485336054]Figure 5: Performance of NR-PBCH dedicated demodulation reference signal 
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[bookmark: _Ref485336082]Figure 6: Performance of NR-PBCH dedicated demodulation reference signal 
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[bookmark: _Ref485336084]Figure 7: Performance of NR-PBCH dedicated demodulation reference signal 
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[bookmark: _Ref485336086]Figure 8: Performance of NR-PBCH dedicated demodulation reference signal 
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[bookmark: _Ref485336124]Figure 9: Performance of NR-PBCH dedicated demodulation reference signal 



Proposal 3: Frequency domain RE density for DMRS should be optimized between channel estimation accuracy and coding rate for NR-PBCH payload. DMRS density 1/3 or ¼ may be considered.
Proposal 4: Gold sequence may be used for NR-PBCH DMRS sequence.



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 transmission scheme, reference signal and channel coding scheme for NR-PBCH as well as contents and corresponding payload for NR-PBCH. We have the following proposals:

Proposal 1: Joint NR-SSS and DMRS may be considered for NR-PBCH demodulation.
Proposal 2: Non-uniform RE mappings can be used for NR-PBCH DMRS. DMRS sequence is mapped on subcarriers with unequal interval (e.g., less or no mapping within NR-SSS transmission bandwidth).
Proposal 3: Frequency domain RE density for DMRS should be optimized between channel estimation accuracy and coding rate for NR-PBCH payload. DMRS density 1/3 or ¼ may be considered.
[bookmark: _GoBack]Proposal 4: Gold sequence may be used for NR-PBCH DMRS sequence.
.
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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 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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