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1. [bookmark: OLE_LINK57][bookmark: OLE_LINK58]Introduction
In RAN1 #89 meeting [1], the following agreements on NR-PBCH have been made: 
	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



	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
· Other Alternatives are not precluded
· Note that all proponents need to provide their own proposal until 26th May



In this contribution, we will discuss PBCH RE mapping and SS block composition. 
2. SS block composition
For SS block composition, down selection from four options from Option 1 to Option 4 need be done. In this section, we will discuss and compare these four options. When SSS is close to the PBCH, better channel estimation performance can be expected.  Therefore, from the point of view of channel estimation accuracy, Option 2 > Option 1 = Option 4 > Option 3. In addition, in the above 4 options, more accurate frequency offset estimation can be obtain by a greater time-domain interval between two PBCH symbols. Therefore, from the point of view of frequency offset estimation, Option 3 > Option 2 > Option 1 = Option 4. 
Based on the above discussion, considering both frequency offset and channel estimation, PSS-PBCH-SSS-PBCH is preferred as mapping order of SS blocks.
Proposal 1: For SS block composition, PSS-PBCH-SSS-PBCH is preferred as mapping order of SS blocks.
3. PBCH RE mapping
In this section, we will discuss and compare the following several alternatives on PBCH RE mapping. For the following discussion, we assume that all schemes will be designed to support frequency offset estimation.
· 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.
· Alt.2-a: The same subcarriers are used for DMRS in the N symbols
· Alt.2-b: Different subcarriers can be used for DMRS in the N symbols
· Alt.3: NR-PBCH coded bits are mapped across REs in N PBCH symbols within the bandwidth of PSS/SSS, and the NR-PBCH band within the bandwidth of PSS/SSS is copied to other NR-PBCH band in a NR-SS block. More detailed description about Alt.3 can be found in reference [2].


Figure 1: Illustration of PBCH RE mapping using Alt.2-a


Figure 2: Illustration of PBCH RE mapping using Alt.2-b


Figure 3: PBCH RE mapping Alt.3
Next, we will compare these schemes from the following four aspects.
1) Channel coding aspects. With regard to channel coding, coding rate of Alt.1 is lower, and gain from coding is larger than other alternatives. On the other hand, other alternatives have higher repetition gain than Alt.1.
2) Channel estimation accuracy. To support frequency offset estimation, frequency domain position of DMRS in two PBCH symbols need be same in Alt.1, Alt.2-a and Alt.3. However, with supporting estimation for frequency offset, frequency domain position of DMRS in two PBCH symbols may be different in Alt.2-b.  As seen in figure 2, in frequency domain, uniform DMRS distribution can be supported in Alt.2-b, and thus channel estimation in Alt.2b is more accurate than that of other alternatives.
3) Estimation accuracy for frequency offset. Compared to the repeated PBCH in two PBCH symbols in Alt.2, the amount of repeated DMRS in both Alt.1 and Alt.3 is less. Therefore, Alt.1 and Alt.3 has worse estimation performance of frequency offset.
4) Minimum bandwidth. When considering the possibility of minimum UE bandwidth less than PBCH bandwidth, the smaller UE bandwidth can be supported by one-shot PBCH reception in Alt.3. However, in other alternatives, at least two PBCH receptions from different frequency are required in order to support smaller UE bandwidth.
It seems that the minimum UE bandwidth should be determined by RMSI rather than by PBCH. More specifically, RMSI payload will be larger than that of PBCH. To reduce the impact from beam sweeping, RSMI should be transmitted in as few symbols as possible. Therefore, greater bandwidth for RMSI may be required than that of PBCH, and thus the minimum UE bandwidth should be determined according to the bandwidth of RMSI. Currently, the bandwidth of RMSI has not been determined, and thus the minimum UE bandwidth cannot be determined. Without knowing the requirement of minimum UE bandwidth, it is unreasonable that half of the PBCH bandwidth is assumed as minimum UE bandwidth. Therefore, when we compare above four alternatives, half of the PBCH bandwidth will not be assumed as minimum UE bandwidth, and we will down select from the above alternatives based on the BLER performance of PBCH.
In this section, we will provide some simulation results to compare the above 4 alternatives. In our simulation, detailed simulation assumptions can be seen in the appendix. These results are based on no DMRS inside SSS bandwidth. Simulation results are showed in figure 4.
As seen in figure 4, the BLER performance in Alt.2b is best in all four alternatives. Based on the above discussion, channel estimation in Alt.2b is more accurate than that of other alternatives. In addition, estimation performance of frequency offset in Alt.2b is better than that of Alt.1 and Alt.3, and accuracy of frequency offset estimation in Alt. 2b is comparable to that of Alt.2a. Therefore, the BLER performance in Alt. 2b is better than other three alternatives.
[image: ][image: ]
Figure 4: Simulation results for different PBCH RE mapping alternatives
Proposal 2: For PBCH RE mapping, we suggest that Alt.2 with different DMRS RE locations in the different PBCH symbols (Alt.2-b) is adopted due to better BLER performance.
4. Conclusions
In this contribution, the NR-PBCH RE mapping and SS block composition are discussed. Based on the discussion, we have the following proposals. 
Proposal 1: For SS block composition, PSS-PBCH-SSS-PBCH is preferred as mapping order of SS blocks.
Proposal 2: For PBCH RE mapping, we suggest that Alt.2 with different DMRS RE locations in the different PBCH symbols (Alt.2-b) is adopted due to better BLER performance.
5. [bookmark: OLE_LINK59][bookmark: OLE_LINK60]References
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6. Appendix
Appendix: Link-level evaluation assumptions
	 Parameter
	Assumptions

	Carrier Frequency
	4/30 GHz

	Channel Model
	CDL-C

	Subcarrier Spacing
	30 kHz for 4 GHz Carrier Frequency
120 kHz for 30 GHz Carrier Frequency

	Channel coding
	Polar

	Payload size
	48 bit (include CRC)

	Multiplexing between SS and NR-PBCH 
	PSS-PBCH-SSS-PBCH

	DMRS density
	1/3 density out of SSS bandwidth

	Frequency Offset
	TRP: uniform distribution +/- 0.05 ppm 
UE: uniform distribution +/- 0.1 ppm

	Phase Rotation Model
	Follow the PN model of [R1-165005]

	Number of interfering TRPs 
	0 TRP
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