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1 Introduction

In RAN1#89 meeting, the following were agreed [1]
· Polar coding is adopted for NR-PBCH

· Using same polar code construction as for the control channel

· Nmax = 512
· Working assumption that the data, including time index if carried by NR-PBCH excluding DMRS, is transmitted explicitly

· Can be revisited if significant benefit is shown from partial implicit transmission of time index if allowed by the polar code design
· 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, the physical channel design of PBCH is discussed. Some evaluations are also provided. 
2 NR PBCH Design
In the RAN1#88bis meeting, it was agreed that SS block time index indication is delivered by NR-PBCH [2]. Furthermore, in RAN2#98 it was confirmed in the reply LS from RAN2 of the necessity and feasibility of reading using PBCH to carry SS block time index [3]. The neighbor cell’s SS block time index is necessary for the following purposes:
· UE can acquire the time sync of neighbor cell by using neighbor cell’s SS block and time index, and then obtain the timing reference of neighbor cell’s CSI-RS for RRM measurement for L3 mobility.
· In RAN2 agreement, the UE can identify and report N best beams of neighbor cells. Reading neighbor cell’s SS block time index can help UE to identify and report N best SS block beams for L3 mobility.

Based on the above mentioned agreements, other methods such as using DMRS would be out of scope from further considerations. In [4], we have discussed the time index indication based on signaling of up to 4 bits in the payload of the NR-PBCH. In this section, we provide further performance evaluations of NR-PBCH RE mapping performance. The performance compared to using sequence based indication method is also shown.   
2.1 PBCH RE mapping 
For the two PBCH RE mapping schemes proposed for email discussion, i.e. Alt. 1 and 2 shown below, we have compared the performance of the two schemes as follows. 

1. Alt. 1: NR-PBCH coded bits are mapped across REs in 2 PBCH symbols, where the mother code length is Ndlmax=512. Frequency first mapping and modulated QPSK symbols from the same coded bits are mapped to REs with different subcarriers in the two PBCH symbols.  
2. Alt. 2: NR-PBCH coded bits are mapped across REs in a PBCH symbol, the NR-PBCH symbol is copied to another one NR-PBCH symbol in a NR-SS block.
The DMRS pattern is as proposed in our companion paper [5], where the density within and outside of NR-SSS transmission bandwidth, is 0 and 1/3 respectively. The evaluation is performed for initial acquisition case, where the CFO for PBCH demodulation is after PSS/SSS detection and compensation based on the agreed PSS design and SSS design [6]. Additionally, time domain CFO estimation is applied based on the two identical PBCH symbol in Alt.2. On the other hand, joint PSS/SSS and DMRS estimation is applied to Alt.1. The SS block composition is given by PSS-SSS-PBCH-PBCH with more analysis in [7]. The detailed evaluation parameters are given in the appendix. 
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Fig. 1 PBCH performance under different PBCH RE mapping scheme and payload size
It can be observed that Alt.1 has better performance than Alt.2. The performance gap is due to 1) For residual CFO estimation after PSS/SSS detection, joint PSS, SSS and DMRS estimation in Alt.1 could provide better performance than the only time domain estimation in Alt.2 as shown in Fig.2. 2) Better coding gain for Alt.1, since the mother code length reaches the DL maximum value 512. 3) Better frequency diversity for Alt.1, since the modulated QPSK symbols from the same coded bits are mapped to REs with different subcarriers in the two PBCH symbols. 
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Fig. 2 Residual CFO after CFO compensation in Alt.1 and Alt.2
Proposal 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.
2.2 PBCH TI Indications  
In this section, we evaluated the performance of TI indications with PBCH and made some comparisons with DMRS sequence based indications with 2 bits of information (as proposed by some companies), where 4 candidate different sequences can be transmitted (ZC sequence with different shifts). Note that ZC sequences are assumed in our evaluation since the focus of this evaluation is only to test the error detection performance of the 4 candidates DMRS sequences. ZC sequence with different shifts can provide good cross correlation performance, which has been used in LTE UL DMRS. 

The whole ZC sequence is mapped to all the DMRS REs within NR-SSS transmission bandwidth in the two PBCH symbols, where the channel equalization of the sequence decoding could be based on the NR-SSS. We evaluated the following two options with typical PBCH DMRS density given in [5]:
· Opt-1: DMRS sequence is mapped on subcarriers with equal interval

· Opt-2: DMRS sequence is mapped on subcarriers with unequal interval
· The (DMRS density within NR-SSS transmission bandwidth, DMRS density outside of NR-SSS transmission bandwidth) = (0,1/3); (1/6,1/3)
The performance comparison for non-initial acquisition and initial acquisition case are given in Fig.3 and Fig.4, respectively. We compared the BLER performance for time index (TI) indication by DMRS using the 2 bits and time indication by PBCH. The BLER performance refers to the joint error rate of time index and PBCH detection, i.e., rate of either TI or PBCH detection error. Note that showing the joint TI and PBCH detection performance allows for the comparison between TI indications with PBCH versus using TI indication by DMRS, since PBCH DMRS affects both PBCH and TI indication.
It can be observed that TI indication by DMRS is worse than TI indication by PBCH for all cases. In some cases, there is more than 1dB SNR loss at 1% BLER, e.g., performance gap between time indication by PBCH with Opt. 2 (0, 1/3) and time indication by DMRS with Opt. 1(1/3) in the 30GHz non-initial acquisition case with 60 bits payload. 
In summary, the advantages of TI indications by PBCH are:

· Better performance compared to other indication methods such as TI indication by the PBCH DMRS sequence;

· A single PBCH demod/detection performance that is applicable to both the TI indications as well as other PBCH payloads. It provides for a single low false alarm rate e.g. 1/(216) ≈ 1.5e-5 << 1% assuming a 16-bis CRC.
Proposal 2: SS Blocks Time Index Indications are carried by the NR-PBCH payload REs. 
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Fig. 3 Comparison between TI indication by PBCH and DMRS for non-initial acquisition case
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Fig. 4 Comparison between TI indication by PBCH and DMRS for initial acquisition case
3 Summary of proposals
Proposal 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
Proposal 2: SS Block Time Index Indications are carried in the NR-PBCH payload REs. 
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5 Appendix

Table 1: Link level evaluation parameters
	 
	Below 6GHz
	Above 6GHz

	Carrier Frequency
	4 GHz
	30GHz

	Channel Model
	CDL-C (other CDL models are not precluded), AWGN
· with delay scaling values of 100 ns (mandatory) for 4 GHz, 30 ns for 30GHz

· ASA = 30 degree and ASD = 5degree
· ZSA = 5 degree, ZSD = 1 degree

· The CDL table is translated so that the strongest cluster’s AoD and AoA occur at a random angle for both the antenna panels of TRP and UE in the local coordinate. The value of the random angle is selected to be uniformly distributed from +30 to -30 degree. The random value is chosen independently for both AoD and AoA

	Subcarrier Spacing(s)
	15KHz for 4GHz, 120KHz for 30GHz

	UE speed
	3 km/h (mandatory)
	3 km/h

	Antenna Configuration at the TRP
	(1,1,2) with omni-directional antenna element
	(4,8,2), with directional antenna element (HPBW=650, directivity 8dB)

	Antenna Configuration at the UE
	(1,1,2) with omni-directional antenna element
	(M, N, P) = (2, 4, 2); With directional antenna element (HPBW=900, directivity 5dB). 

	Antenna port virtualization
	N/A
	DFT codebook, TRP with 32 beams in two polarizations, UE with 8 beams in two polarizations. 

	Frequency Offset
	· Initial acquisition
· TRP: uniform distribution +/- 0.05 ppm
· UE: uniform distribution +/- 5ppm
· Non-initial acquisition
· TRP: uniform distribution +/- 0.05 ppm
· UE: uniform distribution +/- 0.1 ppm

	Phase Rotation Model
	
	· Follow the PN model of [8]

	Number of interfering TRPs 
	0 TRP: (mandatory)
	0 TRP
 

	Receiver algorithm
	CFO is estimated based on joint PSS, SSS and PBCH DMRS

SSS is used for the PBCH demodulation in all options


