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1 Introduction
In the last RAN1 meeting, some agreements on PBCH DMRS, PBCH RE mapping and SS block composition have been achieved as following respectively [1]:

Agreements on PBCH DMRS:

· 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
Agreements on PBCH RE mapping:

· 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
Agreements on SS block composition: 

· 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 provide further consideration on above issues and give our views based on performance evaluation.
2 Discussion
2.1 NR-PBCH DMRS 
Regarding NR-PBCH DMRS RE mapping, down selection needs to be done between equal interval and unequal interval. From the perspective of UE vendor, equal interval mapping is preferred considering CE complexity and a single CE filter can be used within the whole bandwidth of NR-PBCH. NR-PBCH performance requirement should be based on the assumption of CE using only DMRS. NR-SSS can be used to improve CE performance within the bandwidth overlapped by NR-SSS and NR-PBCH. However, it shouldn’t be mandatory and up to UE implementation. 
Proposal 1: Equal interval (Option 1) is preferred for PBCH DMRS RE mapping.

To simplify specification effort, legacy LTE CRS pattern can be directly reused for NR-PBCH DMRS, e.g. cell-specific frequency shift and stagger pattern in time domain. And, CRS sequence generation can also be reused for DMRS as far as possible. However, RS density needs to be evaluated to support more diverse channel characteristic for 5G scenario. A large RS density can improve CE performance while reduce data coding rate. For a frequency selective channel, improvement of CE performance may be able to obtain a larger performance gain than reducing coding rate. Our simulation results in figure 2-5 in Appendix show that ¼ RS density has a good trade-off between CE performance and coding rate.   
Proposal 2: ¼ RS density is preferred considering trade-off between CE performance and coding rate.

2.2 NR-PBCH RE mapping
Regarding NR-PBCH RE mapping, there are two alternatives discussed in the last meeting, i.e. NR-PBCH coded bits are mapped in one or N PBCH symbol(s). For Alt.1 (N-symbol mapping), the number of coded bits for RE mapping can be maximized and a larger mother code size can be supported for Polar coding. For Alt.2 (1-symbol mapping), the number of coded for RE mapping is restricted and repetition is applied to replace Polar coding. Theoretically, Polar coding is more efficient than simple repetition even for a low coding rate. Our simulation results in figures 6-7 in Appendix also verify the analysis. From the simulation results, we can see about 0.3~0.5dB Polar coding gain can be achieved for Alt.1.
One advantage of Alt.2 is that 2 PBCH symbols can be designed to be identical, which is beneficial for CFO estimation. Comparing with using DMRS for CFO estimation, using two identical PBCH symbols can increase the number of estimation samples and to further improve CFO estimation performance. However, the overall PBCH demodulation performance may not be improved due to Polar coding gain loss of Alt.2. Our simulation results in figure 8 in Appendix cannot see obvious performance gain. 
Proposal 3: Alt.1 is preferred for PBCH RE mapping to achieve Polar coding gain.
2.3 SS block composition
To down select candidate alternatives of SS block composition, one consideration is for CFO estimation using PBCH DMRS. The time interval of 2 NR-PBCH OFDM symbols may impact CFO estimation performance. For example, if the location of 2 OFDM symbols is more close, CFO estimation range is more large. But CFO estimation accuracy may be impacted especially at low SNR. Our simulation results in figure 9-10 in Appendix show that a large interval of PBCH symbols could effectively improve CFO estimation performance (e.g. MSE). From the perspective of CFO estimation accuracy, option 3 (PBCH-PSS-SSS-PBCH) is preferred for SS block composition as shown in Figure 1. For the interval of three OFDM symbols, CFO estimation range is about 1.75 kHz, and it is enough for residual CFO estimation after initial synchronization based on NR-PSS/NR-SSS.
Another consideration is for AGC adjustment. In the option 1, 2, and 4, NR-PSS is located in the first symbol within SS block. Since no CRS as legacy LTE, there may be no any transmitted signal in the OFDM symbol before SS block. The blank OFDM symbol may impact AGC level when receiving NR-PSS and further impact NR-PSS detection performance. Comparing with NR-PSS detection in option 1/2/4, PBCH detection in option 3 may be more robust since at least receiving the second PBCH symbol can work in normal AGC level. From the perspective of AGC, NR-PBCH should be located in the first symbol within SS block.  
Proposal 4: Option 3 (PBCH-PSS-SSS-PBCH) is preferred for SS block composition considering AGC tuning for PSS and the better frequency error tracking performance.
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Figure 1. Illustration of SS block composition with option 3
3 Conclusion
In this contribution, we provided more discussion on NR-PBCH design. Based on the discussion, the following proposals are given for consideration.

Proposal 1: Equal interval (Option 1) is preferred for PBCH DMRS RE mapping.
Proposal 2: ¼ RS density is preferred considering trade-off between CE performance and coding rate.

Proposal 3: Alt.1 is preferred for PBCH RE mapping to achieve Polar coding gain.
Proposal 4: Option 3 (PBCH-PSS-SSS-PBCH) is preferred for SS block composition.
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5 Appendix
Table 1. Simulation assumptions for NR-PBCH evaluation
	Parameter
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	5 MHz

	Beam configuration
	Single-beam

	Transmission scheme
	Single antenna (TX=1)

	Time domain allocation
	2 OFDM symbols

	Frequency domain allocation
	24 PRBs

	Sub-carrier spacing
	15 kHz

	Channel model
	EPA, ETU, 

TDL-C 300ns, TDL-C 1000ns

	UE speed
	3km/h

	Channel coding
	Polar

	Modulation order
	QPSK

	Payload size
	53 bits

	CRC length
	19 bits

	Channel estimation
	Ideal, 2D-MMSE

	Receiver algorithm
	2 RX MRC

	RS density
	1/6, 1/4, 1/3

	Coded bits mapping
	1-symbol, 2-symbol

	SS block composition (default)
	PBCH-PSS-SSS-PBCH

	Performance
	1-shot detection
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Figure 2. NR-PBCH performance with different RS density in EPA channel 
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Figure 3. NR-PBCH performance with different RS density in ETU channel
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Figure 4. NR-PBCH performance with different RS density in 5G_TDL_C 300ns
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Figure 5. NR-PBCH performance with different RS density in 5G_TDL_C 1000ns
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Figure 6. NR-PBCH performance with different RE mapping in ideal CE
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Figure 7. NR-PBCH performance with different RE mapping in real CE
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Figure 8. PBCH performance with CFO estimation and compensation (CFO=1.5kHz) 
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Figure 9. CFO estimation performance with different location of PBCH symbols 
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Figure 10. NR-PBCH performance with CFO estimation and compensation using PBCH DMRS 
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