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1. Introduction
In 3GPP RAN1 #89 meeting, the following agreements on NR-PBCH have been made [1]:
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:
· 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)
· …
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:
· 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
· 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. (Proposed by Vivo during the Email discussion [89-15])[2]
· Other Alternatives are not precluded
· Note that all proponents need to provide their own proposal until 26th May

In this contribution, we provide our views on SS block composition, NR-PBCH DMRS RE mapping and NR-PBCH RE mapping. More specifically, we analyse and discuss the candidate options of each topics. Finally, we make some observation and proposal. 
[bookmark: _Ref481753149]2. Discussion 
2.1 SS block composition
According to the agreements made in last meeting, there are remaining 4 options on SS block composition as shown in Fig.1. The final SS block composition should be down selected from the 4 options together with NR-PBCH design decision. During the down selection, the dominate factor that should be considered is the design of the DMRS for each signal/channel in the SS block. In this subsection, the DMRS for PSS and SSS are discussed.
The reception of SS block is comprised of PSS detection, SSS detection and PBCH demodulation. And these 3 tasks should be performed in series. For PSS detection, which is performed first, there is no DMRS for PSS and non-coherent detection is adopted. After the success of PSS detection, SSS detection can be implemented by coherent detection and non-coherent detection. Coherent detection outperforms non-coherent detection, but requires PSS as its DMRS. Actually, in terms of performance of channel estimation by PSS, PSS should be as close as possible to SSS in time domain and Option 1 = Option 3 > Option 2 > Option 4. In LTE, SSS is adjacent to PSS in FDD mode and exceeds PSS with 3 OFDM symbols in TDD mode. From this point, all the 4 options can meet the requirements. However, the NR face more severe channel conditions and high frequency impairments. The coherent time is reduced in these channel conditions and frequency ranges. So the 4 options should be investigated in terms of the performance of SSS detection using coherent detection before making the final decision. 



Figure 1 NR SS Block Composition
Observation 1: In terms of channel estimation by PSS, the order is Option 1 = Option 3 > Option 2 > Option 4.
The above 4 options are about the order of NR-PSS/SSS/PBCH in time domain and there is no final decision on the exact arrangement of NR-PSS/SSS/PBCH in frequency domain. Since the mismatch of bandwidth of NR-SS and NR-PBCH, the relationship among the center frequency of NR-PSS/SSS/PBCH should be defined. To facilitate the UE, The center frequency of NR-PSS/SSS/PBCH in a single SS block should be aligned. In this arrangement, NR-PSS/SSS occupy the central 12 PRBs in a SS block, while both their actual lengths are 127 subcarriers including DC. There are 17 other subcarriers, which can be reserved as guard band. Whether 8 subcarriers in the lower frequency part and 9 subcarriers in the upper frequency part, or vice versa, needs to be determined.
Proposal 1: To facilitate the UE, The center frequency of NR-PSS/SSS/PBCH in a single SS block should be aligned.
Proposal 2: For NR-SS, whether 8 subcarriers in the lower frequency part and 9 subcarriers in the upper frequency part, or vice versa, need to be determined.

2.2 NR-PBCH DMRS RE mapping
In this subsection, we discuss NR-PBCH DMRS RE mapping. To facilitate the discussion, the bandwidth of NR-PBCH can be divided into 2 regions: Region 1 and Region 2 as shown in figure 2. Region 1 represents the time frequency resources of NR-PBCH overlapped with NR-PSS/SSS in frequency domain and the Region 2 represents the remaining time frequency resources. Since the mismatch of the bandwidth of NR-PSS/SSS and NR-PBCH, the main divergence on NR-PBCH DMRS RE mapping exists in Region 1 and can be categorized as 2 options.  In Option 1, DMRS RE mapping in Region 1 is the same as that in Region 2. In Option 2, DMRS RE mapping in Region 1 is different from that in Region 2 and there can be less or no DMRS RE.


Figure 2 Partition of NR-PBCH bandwidth
Figure 3 shows the typical patterns of NR-PBCH DMRS RE mapping in Region 2. Despite the DMRS density, the final pattern can be down selected from the comb pattern in Figure 3(a) and diamond pattern in Figure 3(b). 



Figure 3 Patterns of NR-PBCH DMRS RE mapping in Region 2
Figure 4 shows the typical patterns of NR-PBCH DMRS RE mapping in Region 1. According to whether or not the same DMRS pattern and density are mapped in the two PBCH symbols in Region 1, 4 sub options are proposed shown in figure 4(a) - figure 4(d) respectively. Note that Figure 4 only illustrate comb pattern for simplicity and the diamond pattern is not precluded.


Figure 4 Patterns of NR-PBCH DMRS RE mapping in Region 2
Table 1 makes comparison of the 4 sub options for Region 1 shown in Figure 4.
Table 1: Comparison of the 4 sub options for Region 1 shown in Figure 4
	Sub options
	Description
	# of available REs for NR-PBCH
	Preferred SS block composition

	(a)
	DMRS RE mapping in two PBCH symbols with the same density as that in Region 2
	Least 
	Option 1-4

	(b)
	No DMRS RE mapping
	Most 
	Option 2-4

	(c)
	DMRS RE mapping in one PBCH symbol with the same density as that in Region 2
	Less 
	Option 1, Option4

	(d)
	DMRS RE mapping in one PBCH symbol with sparser density than that in Region 2
	Less 
	Option 1, 
Option 4



Based on above discussion, the 2 options on NR-PBCH DMRS RE mapping can be clarified further as: 
· Option 1-1: DMRS sequence is mapped on subcarriers with equal interval using comb pattern 
· Option 1-2: DMRS sequence is mapped on subcarriers with equal interval using diamond pattern 
· Option 2-1: DMRS sequence is mapped on subcarriers with unequal interval with no mapping within NR-SSS transmission bandwidth
· Option 2-2: DMRS sequence is mapped on subcarriers with equal interval in one PBCH symbol using comb pattern and no mapping within NR-SSS transmission bandwidth
· Option 2-3: DMRS sequence is mapped on subcarriers with equal interval in one PBCH symbol using diamond pattern and no mapping within NR-SSS transmission bandwidth
· Option 2-4: DMRS sequence is mapped on subcarriers with larger interval in one PBCH symbol using comb pattern and no mapping within NR-SSS transmission bandwidth
· Option 2-5: DMRS sequence is mapped on subcarriers with larger interval in one PBCH symbol using diamond pattern and no mapping within NR-SSS transmission bandwidth
Obviously, Option 1-1 and Option 1-2 provide the unified DMRS RE mapping in the whole bandwidth of NR-PBCH, which can reduce the processing complexity of UE. And Option 2-1 can save most RE resources for NR-PBCH transmission. Due to the limited and valuable resources for NR-PBCH, the REs should be prioritized for NR-PBCH transmission without sacrificing the performance of channel estimation significantly.
Observation 2: Option 1-1 and Option 1-2 provide the unified DMRS RE mapping in the whole bandwidth of NR-PBCH, which can reduce the processing complexity of UE. And Option 2-1 can save most RE resources for NR-PBCH transmission.
2.3 NR-PBCH RE mapping
In 3GPP RAN1 #89 meeting and subsequent Email discussion [89-15], the following 3 alternatives of NR-PBCH RE mapping are proposed:
· 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. 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.
Firstly, we can make some analysis on the above 3 alternatives. All the 3 alternatives focus on the NR-PBCH RE mapping in a single SS block, in which NR-PBCH occupies 288 subcarriers in frequency domain and N OFDM symbols in time domain. In fact, NR-PBCH RE mapping relies on NR-PBCH DMRS RE mapping and SS block composition. So these factors are taken into consideration jointly in the following discussion.
Alt. 1 views the time domain resource occupied by NR-PBCH as a whole and the coded bits are mapped across REs in N PBCH symbols. Alt. 1 can apply to all the options of NR-PBCH DMRS RE mapping and SS block composition.
Alt. 2 and Alt. 3 are repetition based methods and can provide additional benefits.
Alt. 2 is time domain repetition method. To provide additional fine carrier frequency offset estimation, the NR-PBCH symbols need to be the same. So Alt. 2 cannot apply to Option 1-2, Option 2-2, Option 2-3, Option 2-4 and Option 2-5 of NR-PBCH DMRS RE mapping for these options belong to the asymmetric design of NR-PBCH DMRS RE mapping in the two PBCH symbols. Alt. 2 can apply to all the options of SS block composition, although the options can be narrowed down according to the detailed DMRS RE mapping.
Alt. 3 is frequency domain repetition based method. To potentially reduce the minimum bandwidth, the NR-PBCH REs should be the same between Region 1 and Region 2. So Alt. 3 cannot apply to Option 2-1, Option 2-2, Option 2-3, Option 2-4 and Option 2-5 of NR-PBCH DMRS RE mapping, for these options belong to the asymmetric design of NR-PBCH DMRS RE mapping in Region 1 and Region 2. Alt. 2 can apply to all the options of SS block composition.
Compared with Alt. 2 solely, Alt. 1 is clear enough. Moreover, with the introduction of Alt. 3, the Alt. 1 should be clarified further regarding the partition of bandwidth of NR-PBCH, symmetrically or asymmetrically.
Table 2 summarizes the above discussion on the 3 alternatives.
[bookmark: _Ref470461782]Table 1: Comparison of the 3 alternatives
	Alternatives
	Requirements on NR-PBCH DMRS RE mapping 
	Requirements on SS block composition 
	# of available REs for NR-PBCH
	Performance 
	Additional benefits 

	Alt. 1
	Support all options 
	Support all options 
	Most 
	Best 
	No

	Alt. 2
	Support only Option 1-1 and Option 2-1
	Narrow down by detailed DMRS RE mapping
	Most depending on specific DMRS RE mapping 
	Comparable or degraded slightly
	Assistant fine carrier frequency offset estimation 

	Alt. 3
	Support only Option 1-1 and Option 1-2
	Support all options
	Least 
	Comparable or degraded slightly
	Potentially reduced the minimum bandwidth 



Proposal 3: Alt.1 should be supported, and further optimization to exploit the benefit provided by Alt.2 and Alt.3 should be considered.

3. Conclusion
This contribution has discussed SS block composition, NR-PBCH DMRS RE mapping and NR-PBCH RE mapping. More specifically, the following proposals have been made:
Observation 1: In terms of channel estimation by PSS, the order is Option 1 = Option 3 > Option 2 > Option 4.
Observation 2: Option 1-1 and Option 1-2 provide the unified DMRS RE mapping in the whole bandwidth of NR-PBCH, which can reduce the processing complexity of UE. And Option 2-1 can save most RE resources for NR-PBCH transmission.

Proposal 1: To facilitate the UE, The center frequency of NR-PSS/SSS/PBCH in a single SS block should be aligned.
Proposal 2: For NR-SS, whether 8 subcarriers in the lower frequency part and 9 subcarriers in the upper frequency part, or vice versa, need to be determined.
Proposal 3: Alt.1 should be supported, and further optimization to exploit the benefit provided by Alt.2 and Alt.3 should be considered.
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