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

2. Timing information indication
We have remaining discussion for half radio frame interval indication and synchronization information. 

Half frame indication
In RAN1#90bis meeting [1], it was agreed that one-bit half frame indication is part of PBCH payload, and when CSI-RS for measurement has a periodicity of 20ms or larger, the UE assumes the network is “synchronous” for the purpose of measurement. Also, it was agreed that for 3GHz and below, half frame indication is further implicitly signalled as part of PBCH DMRS for max L=4. In addition, we need to verify the frame boundary in 3-6GHz without reading the PBCH. For the frame boundary indication of neighbor cell for intra-frequency measurement purpose in 3-6GHz frequency range, we can consider following cases:
1. If the network is configuring CSI-RS with periodicity of 20ms or higher, the serving cell will set the synch indicator to “synchronous” and then UE may assume that the network is synchronous.
1. If the network is configuring CSI-RS with periodicity of 10ms, the serving cell shall provide the information of “CSI-RS-Config-Mobility” for UE and UE will verify by correlating the one candidate CSI-RS scrambling sequence starting positions (even 5ms vs. odd 5ms) after SS/PBCH block index search through PBCH DMRS sequence.
1. If the network is configuring CSI-RS with periodicity of 5ms, the serving cell shall provide the information of “CSI-RS-Config-Mobility” for UE and UE will verify by correlating the two candidate CSI-RS scrambling sequence starting positions (even 5ms vs. odd 5ms) after SS/PBCH block index search through PBCH DMRS sequence. 
1. It is defined that the scrambling sequence period of CSI-RS is 5ms.
1. If the network is not configuring any CSI-RS, UE cannot distinguish even 5ms vs. odd 5ms after SSB ID search through PBCH DMRS sequence.  

In order to prohibit the problematic cases of 4) and 5), we need to mandate that the network shall always configure either “CSI-RS with periodicity of 10ms” or “CSI-RS periodicity of 5ms with the scrambling sequence period of 10ms” and the serving cell shall provide the information of “CSI-RS-Config-Mobility” if the network is asynchronous.
If the network is synchronous, the serving cell shall set the synch indicator to “synchronous”. In other words, if the CSI-RS is not configured or CSI-RS periodicity is 5ms (or smaller) with the scrambling sequence period of 5ms (or smaller) or CSI-RS periodicity is 20ms, 40ms, 80ms, 160ms, 320ms, 640ms, the network shall be operated in a synchronized way and the serving cell shall set the synch indicator to “synchronous”.
Proposal 1: 
· For the frame boundary indication of neighbor cell for intra-frequency measurement purpose in 3-6GHz frequency range, NR considers following cases:
1) If the network is configuring CSI-RS with periodicity of 20ms or higher, the serving cell will set the synch indicator to “synchronous” and then UE may assume that the network is synchronous.
2) If the network is configuring CSI-RS with periodicity of 10ms, the serving cell shall provide the information of “CSI-RS-Config-Mobility” for UE and UE will verify by correlating the one candidate CSI-RS scrambling sequence starting positions (even 5ms vs. odd 5ms) after SS/PBCH block index search through PBCH DMRS sequence.
3) If the network is configuring CSI-RS with periodicity of 5ms, the serving cell shall provide the information of “CSI-RS-Config-Mobility” for UE and UE will verify by correlating the two candidate CSI-RS scrambling sequence starting positions (even 5ms vs. odd 5ms) after SS/PBCH block index search through PBCH DMRS sequence. 
4) It is defined that the scrambling sequence period of CSI-RS is 5ms.
5) If the network is not configuring any CSI-RS, UE cannot distinguish even 5ms vs. odd 5ms after SSB ID search through PBCH DMRS sequence.  
· In order to prohibit the problematic cases of 4) and 5), NR mandates that the network shall always configure either “CSI-RS with periodicity of 10ms” or “CSI-RS periodicity of 5ms with the scrambling sequence period of 10ms” and the serving cell shall provide the information of “CSI-RS-Config-Mobility” if the network is asynchronous.
· If the network is synchronous, the serving cell shall set the synch indicator to “synchronous”. In other words, if the CSI-RS is not configured or CSI-RS periodicity is 5ms (or smaller) with the scrambling sequence period of 5ms (or smaller) or CSI-RS periodicity is 20ms, 40ms, 80ms, 160ms, 320ms, 640ms, the network shall be operated in a synchronized way and the serving cell shall set the synch indicator to “synchronous”.

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 2: 
· 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. NR-PBCH contents
Payload size and contents
In RAN1#90bis meeting [1], RAN1 agreed as working assumption that payload size of PBCH is 54 bits. Also, we assume same payload size for both below 6GHz and above 6GHz cases. Based on RAN1/2/4 agreements and our proposal of CORESET configuration [2], we propose PBCH contents as bellows:
Proposal 3: The payload size of MIB is at most 56bits. 
	Details
	Bit size

	
	For B6GHz
	For A6GHz

	System Frame Number
	10
	10

	Hal frame indication
	1
	1

	SS/PBCH block time index (MSB)
	0
	3

	PDSCH DMRS position
	1
	1

	Reference numerology
	1
	1

	RE level frequency position of RMSI CORESET (includes frequency offset and RB level indication)
	9
	7

	Frequency resource of RMSI CORESET
	2
	1

	Time resource of RMSI CORESET
	2
	2

	PDCCH monitoring window duration
	1
	1

	PDCCH monitoring window offset
	1
	1

	cellBarred
	1
	1

	intraFreqReselection
	1
	1

	Reserved Bit
	2
	2

	CRC
	24
	24

	Total
	56
	56



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 4: 
· 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.)

4. 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: 
· For the frame boundary indication of neighbor cell for intra-frequency measurement purpose in 3-6GHz frequency range, NR considers following cases:
6) If the network is configuring CSI-RS with periodicity of 20ms or higher, the serving cell will set the synch indicator to “synchronous” and then UE may assume that the network is synchronous.
7) If the network is configuring CSI-RS with periodicity of 10ms, the serving cell shall provide the information of “CSI-RS-Config-Mobility” for UE and UE will verify by correlating the one candidate CSI-RS scrambling sequence starting positions (even 5ms vs. odd 5ms) after SS/PBCH block index search through PBCH DMRS sequence.
8) If the network is configuring CSI-RS with periodicity of 5ms, the serving cell shall provide the information of “CSI-RS-Config-Mobility” for UE and UE will verify by correlating the two candidate CSI-RS scrambling sequence starting positions (even 5ms vs. odd 5ms) after SS/PBCH block index search through PBCH DMRS sequence. 
9) It is defined that the scrambling sequence period of CSI-RS is 5ms.
10) If the network is not configuring any CSI-RS, UE cannot distinguish even 5ms vs. odd 5ms after SSB ID search through PBCH DMRS sequence.  
· In order to prohibit the problematic cases of 4) and 5), NR mandates that the network shall always configure either “CSI-RS with periodicity of 10ms” or “CSI-RS periodicity of 5ms with the scrambling sequence period of 10ms” and the serving cell shall provide the information of “CSI-RS-Config-Mobility” if the network is asynchronous.
· If the network is synchronous, the serving cell shall set the synch indicator to “synchronous”. In other words, if the CSI-RS is not configured or CSI-RS periodicity is 5ms (or smaller) with the scrambling sequence period of 5ms (or smaller) or CSI-RS periodicity is 20ms, 40ms, 80ms, 160ms, 320ms, 640ms, the network shall be operated in a synchronized way and the serving cell shall set the synch indicator to “synchronous”.

Proposal 2: 
· 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 3: The payload size of MIB is at most 56bits. 
	Details
	Bit size

	
	For B6GHz
	For A6GHz

	System Frame Number
	10
	10

	Hal frame indication
	1
	1

	SS/PBCH block time index (MSB)
	0
	3

	PDSCH DMRS position
	1
	1

	Reference numerology
	1
	1

	RE level frequency position of RMSI CORESET (includes frequency offset and RB level indication)
	9
	7

	Frequency resource of RMSI CORESET
	2
	1

	Time resource of RMSI CORESET
	2
	2

	PDCCH monitoring window duration
	1
	1

	PDCCH monitoring window offset
	1
	1

	cellBarred
	1
	1

	intraFreqReselection
	1
	1

	Reserved Bit
	2
	2

	CRC
	24
	24

	Total
	56
	56



Proposal 4: 
· 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.)
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Appendix 1. Previous agreement
Agreements: (RAN1 NRAH#3, 2017.9) [1]
Agreements:
· The entire SS/PBCH block can offset from the resource block grid
· Indicate the offset of the SS/PBCH block in the BCH
· Offset is in the number of subcarriers of the SS/PBCH block numerology

Agreements: (RAN1 #90b, 2017.10) [2]
Agreements:
· (working assumption) NR-PBCH has a payload size of 56 bits (including CRC)
· 10-bit SFN is carried by NR-PBCH
· (working assumption) 4-bit PRB grid offset is carried by NR-PBCH

Agreements:
· A single bit is used in NR-PBCH for indicating the numerology for RMSI, Msg.2/4 for initial access and broadcasted OSI
· For sub-6GHz
· 0: 15kHz
· 1: 30kHz
· For >6GHz
· 0: 60kHz
· 1: 120kHz
Agreements:
· One-bit half frame indication is part of PBCH payload, and when CSI-RS for measurement has a periodicity of 20ms or larger, the UE assumes the network is “synchronous” for the purpose of measurement
· For 3GHz and below, half frame indication is further implicitly signaled as part of PBCH DMRS for max L=4

Agreements:
· (working assumption) For PBCH 1st scrambling initialization, clarify that C_init = N^cell_ID

Agreements:
· For PBCH 2nd scrambling initialization:
· initialization based on both cell ID and 3 LSB of SS/PBCH block index

Agreements:
The initialization for PBCH DMRS is: 

o	 

o	For max L=4,  =ISSB+4HF  where HF=0 in the first half frame of a radio frame and HF=1 in the second half frame of a radio frame

o	For max L=8, and max L=64   = ISSB
Agreements:
· The 2nd PBCH scrambling is a Gold sequence initialized by cell ID. 
· C_init = [NCell_ID]
· The X LSB bits of SS block index are used to determine a sequential non-overlapping portion of the sequence.
· Generate a Gold sequence of length (2^X)*M where M is the number of bits to be scrambled
· Partition the generated sequence into 2^X non-overlapping portions
· X LSB bits of SS block index uniquely identify indices of each of the non-overlapping portion of the sequence
· X = 2 for max L=4, i.e., 1st and 2nd LSB bits of SS block index.
· X = 3 for max L=8 or 64, i.e., 1st, 2nd and 3rd LSB bits of SS block index
	(b2)
	(b1)
	(b0)
	Seq index used for each PBCH

	0
	0
	0
	0  ~  M-1

	0
	0
	1
	M ~ 2M-1

	0
	1
	0
	2M ~ 3M-1

	0
	1
	1
	3M ~ 4M-1

	1
	0
	0
	4M ~ 5M-1

	1
	0
	1
	5M ~ 6M-1

	1
	1
	0
	6M ~ 7M-1

	1
	1
	1
	7M ~ 8M-1



Agreement from RAN1#89:
· Polar coding is adopted for NR-PBCH
· Using same polar code construction as for the control channel
· Nmax = 512

Clarification of the above agreement: 
· Reuse Polar code design of PDCCH, i.e., 24-bit D-CRC with the associated interleaver.

RAN2#99bis [3]
Agreements (replace the WA from previous meeting that is not confirmed)
1: "cellBarred" IE (corresponding to "Information for quick identification that UE can't camp on the cell" in RAN1 LS) is present in the MIB and it has the same effect as the LTE "cellBarred" IE.
FFS Duration of the barring timer.
2: "intraFreqReselection" IE is present in the MIB and it has the same effect as the LTE "intraFreqReselection" IE
FFS Whether additional "cellBarred" and "intraFreqReselection" IEs are signalled in NR SIB1
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