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1. Introduction
In this contribution, we discuss remaining details on PBCH design and contents, including time index indication, DMRS sequence initialization, and PBCH contents.

2. Timing information indication
We have remaining discussion which channel/signal is used for half radio frame interval indication (e.g. PBCH contents, PBCH scrambling sequence, PBCH DMRS, PBCH OFDM symbol, etc.). 

Half radio frame indication
In LTE, half radio frame is indicated by SSS (i.e. defining different RE position between 0ms and 5ms). So, UE can obtain CRS sequence from the information of half radio frame, and UE can perform L3 measurement and PBCH decoding. Also, LTE UE can have half radio frame indication of neighbor cell without PBCH decoding. Based on the assumption that UE has 10ms time information, PRACH preamble for target cell is assigned to UE.
In NR, SS/PBCH block can be transmitted with multiple periodicity. When SS/PBCH block(s) are transmitted with 10ms and higher periodicity, SS/PBCH block(s) can be transmitted within 1st half radio frame or 2nd half radio frame in a radio frame. If it is defined that SS/PBCH block(s) are located within certain half radio frame (e.g. 1st half radio frame) and the information of periodicity of SS/PBCH block is informed to UE via system information (e.g. handover command, RMSI, OSI), it is not necessity to provide half radio frame information. On the other hand, when NR supports SS/PBCH block(s) transmission with 5ms periodicity, SS/PBCH block(s) are located at both 1st and 2nd half radio frame. Therefore, the information of half radio frame should be indicated to UE. The information could be indicated by explicit and/or implicit method.
Proposal 1:
· When SS/PBCH block(s) are transmitted with 10ms and higher periodicity, the SS/PBCH blocks are transmitted in the 1st half radio frame of a frame. And, when SS/PBCH block(s) are transmitted with 5ms periodicity, the SS/PBCH blocks are transmitted in both the 1st half radio frame and 2nd half radio frame of a frame.
· The half radio frame information is indicated by PBCH (e.g. explicit bit in PBCH payload, implicit indication method).

Also, in NR, it is required that UE obtains the information of half radio frame without PBCH decoding. If UE obtains the indication of half radio frame, UE would perform soft combining and decoding between two receive PBCH signals with 5ms interval without additional hypothesis for soft combining and decoding. Also, if NR designs that DL/UL resource (i.e. PRACH preamble, DMRS sequence, CSI-RS resource, etc.) is assigned within at least 10ms, UE should obtain 10ms time information. Especially, for handover case, UE need to get the half radio frame indication of target cell. As implicit indication method for half radio frame, we can consider below two alternatives: 
· Alt.1: 16 different PBCH DMRS sequences 
· Alt.2: Polarity inversion (Polarity of both two OFDM symbols for PBCH in the 2nd half frame of a frame is inverted.)
In case of Alt.1, we can specify that Gold sequence for DMRS is initialization by SS/PBCH block index and half radio frame interval. For Alt.1, UE should perform 16 hypothesis for detecting both SS/PBCH block index and half radio frame indication.
In case of Alt.2, polarity of both two OFDM symbols for PBCH is inverted every 5ms. UE can detect half radio frame indication by comparison the phase between estimated channels by SSS and PBCH DMRS. Since phase of both PBCH data and PBCH DMRS is simultaneously changed, same operation for data demodulation can be applied. Also, hypothesis for detecting SS/PBCH block index can be kept. 
In Appendix 3, we provide evaluation result to compare detection performance of alternatives. Additionally, we provide decoding performance of PBCH as a baseline for performance comparison.
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Figure 1. Example of half radio frame indication (Polarity inversion of both two OFDM symbols for PBCH)

In initial cell selection case, UE should operate PBCH decoding, hence UE could obtain half radio frame information via PBCH contents. Also, UE needs to obtain the half radio frame indication of neighbour cell at least for handover in the case that SS/PBCH block(s) are transmitted with 5ms periodicity. However, when UE operates PBCH decoding of neighbour cell for obtaining half radio frame index, UE should spend longer time due to soft combining. On the other hand, implicit indication methods (i.e. PBCH OFDM symbol polarity inversion, 16 different PBCH-DMRS sequences) provide better performance with low complexity than decoding PBCH. Therefore, NR should support that half radio frame is indicated by implicit manner (e.g. PBCH OFDM symbol Polarity inversion, PBCH-DMRS sequence).

Proposal 2:
· NR should support at least implicit indication method for half radio frame indication. As implicit indication method, one solution is selected among below alternatives:
· Alt.1: 16 different PBCH DMRS sequence (i.e. Additional 8 different PBCH DMRS sequences are applied in the 2nd half frame of a frame.)
· Alt.2: Polarity inversion (i.e. Polarity of both two OFDM symbols for PBCH in the 2nd half radio frame of a frame is inverted.)

2nd scrambling sequence
When SS/PBCH block(s) are transmitted with 5ms periodicity, 2nd scrambling sequence for PBCH (i.e. scrambling to encoded bits) initialized by Cell ID is applied by generating a long scrambling sequence that spans across two transmission instance within 10ms duration. The long scrambling sequence is divided into two parts, and multiplied to each PBCH transmission instance according to half frame interval. Using the 2nd scrambling sequence, the information of half radio frame detected from PBCH DMRS or OFDM symbols can be confirmed, and inter-cell interference randomization can be provided.
Also, 3 LSB of SS/PBCH block index indicated by PBCH-DMRS could be used for initialization of 2nd scrambling sequence. If soft combining between SS/PBCH block(s) with different SS/PBCH block index within same MSB of SS/PBCH block index is applied, it shows better performance due to inter-cell interference randomization.
Proposal 3:
· When SS/PBCH block(s) are transmitted with 5ms periodicity, 2nd scrambling sequence for PBCH (i.e. scrambling to encoded bits) initialized by Cell ID is applied by generating a long scrambling sequence that spans across two transmission instance within 10ms duration. The long scrambling sequence is divided into two parts, and multiplied to each PBCH transmission instance according to half frame interval. 
· 3 LSB of SS/PBCH block index indicated by PBCH-DMRS is applied for initialization of 2nd scrambling sequence. 

Synchronization information
We can discuss how to obtain SS/PBCH time index for neighbor cell. In the RAN1 NRAH#2 meeting, it was agreed that 3 bits of SS/PBCH block index are carried by changing the DMRS sequence within each 5ms period, because DMRS sequence is provide better performance than the decoding for PBCH contents. For the below 6GHz frequency range, the SS/PBCH time index can be obtained from NR-PBCH DMRS only for neighbor cell. On the other hand, at above 6GHz frequency range, since 64 SS/PBCH block indices are separately indicated via PBCH-DMRS and PBCH contents, UE needs to decode PBCH of neighbor cell. However, it brings additional complexity of decoding of neighbor cell NR-PBCH. Also, since decoding performance of PBCH is worse than detection performance using PBCH-DMRS, it is hard to find the reason that UE tries to directly decode of PBCH of neighbor cell for obtaining SS/PBCH block index.
Instead of decoding the PBCH of neighbor cell, we can consider that serving cell provides a configuration regarding SS/PBCH block index for neighbour cell. For example, serving cell can provide configuration of MSB 3bits of SS/PBCH block index for target neighbour cell. Then, UE may try to detect LSB 3bit of SS/PBCH block index for that cell using PBCH-DMRS. After then, by combining of two kinds of bits for SS/PBCH block index, UE can obtain SS/PBCH block index for target neighbour cell. 
Proposal 4: 
· Instead of decoding the PBCH of neighbor cell, serving cell provides a configuration regarding SS/PBCH block index for neighbour cell. MSB 3bits of SS/PBCH block index for target neighbour cell is provided.

3. PBCH DMRS sequence




PBCH DMRS design is almost finished. We need to define initialization of PN sequence generator for PBCH DMRS. In RAN1# 90 meeting [1], it was agreed that sequence initialization is based on cell ID and SS block time index carried by PBCH-DMRS. Similar with LTE CRS which is initialized with , it can be specified that the PN sequence generator for PBCH-DMRS shall be initialized with  where  is the 3 LSBs of SS/PBCH block time index, and  is the cell identification.



In addition, as discussed in section two, if the information of half radio frame is indicated by PBCH-DMRS sequence, it can be specified that the PN sequence generator shall be initialised with  where  is the 3 LSBs of SS/PBCH block time index,  is the cell identification, and HF is the index {0, 1} for half frame indication.

Proposal 5:
· 


The PN sequence generator for PBCH-DMRS shall be initialized with  where  is the 3 LSBs of SS/PBCH block time index, and  is the cell identification.
· 


In case that the information of half radio frame is indicated by PBCH-DMRS sequence, the PN sequence generator shall be initialised with  where  is the 3 LSBs of SS/PBCH block time index,  is the cell identification, and HF is the index {0, 1} for half frame indication.

4. NR-PBCH contents
Payload size and contents
Considering on the decoding performance of PBCH [1], we can assume at most 64 of payload size. Also, we assume same payload size for both below 6GHz and above 6GHz cases. Based on RAN1/2/4 agreements, and our proposal for SFN, initial access bandwidth part and CORESET configuration [3], we propose PBCH contents as bellows:
Proposal 6: The payload size of MIB is at most 64bits. 
	Details
	Bit size

	
	For B6GHz
	For A6GHz

	System Frame Number
	10
	10

	SS/PBCH block time index (MSB)
	0
	3

	Reference numerology 
	1
	1

	CORESET/Initial active DL BWP
(Frequency resource – bandwidth, location)
(Time resource – starting OFDM symbol, Duration)
(UE Monitoring Periodicity, offset, duration)
	About [10]
	About [10]

	Camp on/off
	1
	1

	Reserved Bit
	[21]
	[18]

	CRC
	21
	21

	Total
	64
	64



Information for quick identification that there is no corresponding RMSI to the PBCH
In NR, SS block is used for not only delivering the information for network access but also operating measurement. Especially, for wideband CC operation, multiple SS block could be transmitted for the purpose of measurement. However, if RMSI is delivered via every frequency position where SS block is transmitted, it seems to be redundant. In order for efficiency of resource utilization, it can be considered that RMSI is delivered via some specific frequency position. In this case, it could bring an ambiguity because UEs in initial access procedure cannot recognize whether system information is provided or not at the detected frequency position. As a solution to resolve the ambiguity, it was discussed to define a bit field for quick identification that there is no corresponding RMSI to the PBCH. In addition, we need to consider other solution that is not required to introduce bit field. The solution is that SS block for measurement purpose is transmitted at frequency position where is not defined as frequency raster. In this case, since UEs in initial access procedure cannot detect the SS block, the ambiguity is resolved. 
Proposal 7: 
· The quick indication for no corresponding RMSI to the PBCH is not necessity to define in PBCH contents. Instead, other solution without introducing bit field is applied (i.e. SS block is transmitted at frequency position where is not defined as frequency raster.)

5. Conclusion
In this contribution, we discussed on NR-PBCH contents and payload size. As a conclusion of the discussion, we summarize observation and proposals as follows:

Proposal 1:
· When SS/PBCH block(s) are transmitted with 10ms and higher periodicity, the SS/PBCH blocks are transmitted in the 1st half radio frame of a frame. And, when SS/PBCH block(s) are transmitted with 5ms periodicity, the SS/PBCH blocks are transmitted in both the 1st half radio frame and 2nd half radio frame of a frame.
· The half radio frame information is indicated by PBCH (e.g. explicit bit in PBCH payload, implicit indication method).
Proposal 2:
· NR should support at least implicit indication method for half radio frame indication. As implicit indication method, one solution is selected among below alternatives:
· Alt.1: 16 different PBCH DMRS sequence (i.e. Additional 8 different PBCH DMRS sequences are applied in the 2nd half frame of a frame.)
· Alt.2: Polarity inversion (i.e. Polarity of both two OFDM symbols for PBCH in the 2nd half radio frame of a frame is inverted.)
Proposal 3:
· When SS/PBCH block(s) are transmitted with 5ms periodicity, 2nd scrambling sequence for PBCH (i.e. scrambling to encoded bits) initialized by Cell ID is applied by generating a long scrambling sequence that spans across two transmission instance within 10ms duration. The long scrambling sequence is divided into two parts, and multiplied to each PBCH transmission instance according to half frame interval. 
· 3 LSB of SS/PBCH block index indicated by PBCH-DMRS is applied for initialization of 2nd scrambling sequence. 
Proposal 4: 
· Instead of decoding the PBCH of neighbor cell, serving cell provides a configuration regarding SS/PBCH block index for neighbour cell. MSB 3bits of SS/PBCH block index for target neighbour cell is provided.
Proposal 5:
· 


The PN sequence generator for PBCH-DMRS shall be initialized with  where  is the 3 LSBs of SS/PBCH block time index, and  is the cell identification.
· 


In case that the information of half radio frame is indicated by PBCH-DMRS sequence, the PN sequence generator shall be initialised with  where  is the 3 LSBs of SS/PBCH block time index,  is the cell identification, and HF is the index {0, 1} for half frame indication.
Proposal 6: The payload size of MIB is at most 64bits. 
	Details
	Bit size

	
	For B6GHz
	For A6GHz

	System Frame Number
	10
	10

	SS/PBCH block time index (MSB)
	0
	3

	Reference numerology 
	1
	1

	CORESET/Initial active DL BWP
[bookmark: _GoBack](Frequency resource – bandwidth, location, SCS level offset)
(Time resource – starting OFDM symbol, Duration)
(UE Monitoring Periodicity, offset, duration)
	About [10]
	About [10]

	Camp on/off
	1
	1

	Reserved Bit
	[21]
	[18]

	CRC
	21
	21

	Total
	64
	64


Proposal 7: 
· The quick indication for no corresponding RMSI to the PBCH is not necessity to define in PBCH contents. Instead, other solution without introducing bit field is applied (i.e. SS block is transmitted at frequency position where is not defined as frequency raster.)

6. Reference
RAN1 #90, Chairman’s note
RAN1 NR#3, Chairman’s note
R1-1715842, “RMSI delivery and CORESET configuration”, LG Electronics



Appendix 1. Previous agreement
Agreements: (RAN1 NR#3, 2017.09) [2]
· The following working assumption is confirmed:
Working assumption:
· Regarding the number of sequences and sequence mapping rule:
· Single long sequence is mapped to all PBCH-DMRS REs within a SS block
· LTE PN generator is reused for PBCH DMRS sequence generation, and related parameters are
· Gold Code LFSR size: 31
· Gold Code Polynomials: x31 + x3 + 1, x31 +x3 + x2 + x + 1
· Note that RAN1 may revisit the PN generator for PBCH DMRS if NR supports different PN generator for other usages
· Regarding EPRE offset between PBCH-DMRS and NR-PBCH data:
· FFS: UE may assume that same EPRE between NR-PBCH DMRS and NR-PBCH data is applied
· Note that power boosting is up to NW implementation
· Regarding Cell-ID-based frequency shift for PBCH-DMRS RE locations:
· vshift = NIDcell mod 4
· Regarding PBCH-DMRS sequence generation:
· PBCH-DMRS sequence is based on long Gold sequence (e.g., polynomial order >= 30)
· Sequence modulation is QPSK
· UE may assume that same EPRE between NR-PBCH DMRS and NR-PBCH data is applied
· The 1st PBCH scrambling is a Gold sequence initialized by cell ID. The 2nd and 3rd LSBs of SFN are used for determining a sequential non-overlapping portion of the sequence.
· Generate a Gold sequence of length 4M where M is the number of bits to be scrambled
· Partition the generated sequence into 4 non-overlapping portions
· The 2nd and 3rd LSBs uniquely identify indices of each of the non-overlapping portion of the sequence
[image: ]
[image: ]
· Support 2nd scrambling based on cell ID for PBCH. To conclude one of the following alterantives next meeting:
· Alt 1: initialization based on cell ID only and is identical in SS/PBCH blocks
· Alt 2: initialization based on both cell ID and 3 LSB of SS/PBCH block index
· Gold sequence generation for PBCH 1st and 2nd scrambling is identical to LTE PN sequence generation.
· Note that RAN1 may revisit the PN generator for PBCH scrambling if NR supports different PN generator for other usages.
· For power offset SSS to PBCH DMRS, to down-select between:
· Alt 1: 0 dB offset
· Alt 2: 3 dB offset 
· FFS whether the same or different offsets are selected for sub-6 GHz vs. mmw
Appendix 2:
Table 1. Link-level Evaluation Assumptions
	Parameter
	Value

	Carrier Frequency
	4GHz

	Channel Model
	CDL_C (delay scaling values: 100ns) 

	Subcarrier Spacing
	15 kHz

	Antenna Configuration
	TRP: (1,1,2) with Omni-directional antenna element
UE: (1,1,2) with Omni-directional antenna element

	Frequency Offset
	0% of subcarrier spacing

	Default period
	20 ms

	Subframe duration
	1 ms

	OFDM symbols in SF
	14

	Number of interfering TRPs
	1, 3

	Operating SNR
	-6 dB



Appendix 3: Detection Performance 
In appendix 3, we provide evaluation result to compare detection performance of alternatives and PBCH decoding performance. In these evaluations, we assume that two OFDM symbols with 24 RBs are used for NR-PBCH transmission. Also, it is assumed that multiple periodicity of SS burst set (i.e. 10, 20, 40ms) is assumed, and encoded bits are transmitted within 80ms. Detailed simulation assumptions are described in Appendix 2. 
· Alt.1: 16 different PBCH DMRS sequences (i.e. PN sequence generator is initialized by SS/PBCH block index and half radio frame indication)
· Alt.2: Two different mapping rules for DMRS sequence to RE (i.e. 1st mapping rule (lowest frequency to highest) is applied for 1st half radio frame, and 2nd mapping rule (highest frequency to lowest) is applied for 2nd half radio frame.)
· Alt.3: Phase of both two OFDM symbols for PBCH is changed every 5ms

[image: ]
Figure 2. Time indication detection performance and PBCH decoding performance (One interference cell)
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Figure 3. Time indication detection performance and PBCH decoding performance (Three interference cells)

[image: ]
Figure 4. Time indication detection performance and PBCH decoding performance (High Doppler frequency)

From Figure 2 to Figure 4, it is observed that the indication methods (i.e. using PBCH DMRS or PBCH OFDM symbol) provide better performance than indicated by PBCH contents. Also, among the three proposed schemes, Alt.3 shows the best performance. This performance gain comes from using channel information estimated by both SSS and PBCH DMRS. 
Also, even in high Doppler case, we can see no degradation of performance of Alt.3, which is almost same as the performance of using only 8 different PBCH DMRS sequences (green solid line in the figures). That is, when phase change between consecutive two OFDM symbols (i.e. SSS and PBCH) is not over pi/2, we can expect good performance result of BPSK modulation. 
Observation:
· The indication methods (i.e. using PBCH DMRS or PBCH OFDM symbol) for half radio fame provide better performance than indicated by PBCH contents.
· Even in high Doppler case, there is no degradation of performance of Alt.3 (i.e. Phase of both two OFDM symbols for PBCH is changed every 5ms), which is almost same as the performance of using only 8 different PBCH DMRS sequences.
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Figure 5. Time indication detection performance and PBCH decoding performance (One interference cell)
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Figure 6. Time indication detection performance and PBCH decoding performance (Three interference cells)
[image: ]
Figure 7. Time indication detection performance and PBCH decoding performance (High Doppler frequency)

Appendix 4: Performance of soft combining and decoding between multiple PBCH signals 
In appendix 4, we provide evaluation result to compare the performance of soft combining and decoding between multiple PBCH signals according to 2nd scrambling sequence initialization. In these evaluations, we assume that two OFDM symbols with 24 RBs are used for NR-PBCH transmission. Also, it is assumed that multiple periodicity of SS burst set (i.e. 10, 20, 40ms) is assumed, and encoded bits are transmitted within 80ms. Soft combining between SS/PBCH block(s) with different SS/PBCH block index within same MSB of SS/PBCH block index is applied. Detailed simulation assumptions are described in Appendix 2. 
· Alt.1: 2nd scrambling sequence for PBCH initialized by Cell ID. 
· Alt.2: 2nd scrambling sequence for PBCH initialized by Cell ID and 3 LSB of SS/PBCH block index.
[image: ]
Figure 8. Performance of soft combining between two PBCH signals (Three interference cell)

[image: ]
Figure 9. Performance of soft combining between three PBCH signals (Three interference cell)

[image: ]
Figure 10. Performance of soft combining between eight PBCH signals (Three interference cell)

As observed in Figure 8 ~ 10, using 2nd scrambling sequence which is initialized by Cell ID and SS/PBCH block index shows better performance than which is initialized by only Cell ID. Also, as the number of soft combining increases, the performance gap becomes larger. This performance gain comes from inter-cell interference randomization. In this evaluation, we can see that inter-cell interference randomization has the effect of obtaining gain of soft combining and decoding.

Observation:
· Using 2nd scrambling sequence which is initialized by Cell ID and SS/PBCH block index shows better performance than which is initialized by only Cell ID.
· Inter-cell interference randomization has the effect of obtaining gain of soft combining and decoding.
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