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1 Introduction

In RAN1 NR Adhoc June meeting, the following was agreed [1]:
Agreements: 

· Working assumption: 3 bits of SS block index are carried by changing the DMRS sequence within each 5ms period

· It can be further considered to limit the number of bits carried in this way to 2 if carrying 3 bits is shown to cause problems

· FFS: details of  scrambling of the PBCH which may or may not carry a part of timing information
· FFS: 5 ms half radio frame interval indication
· Remaining bits of the timing information are carried explicitly in the NR-PBCH payload

In RAN2 NR Adhoc June meeting, the reply LS on PBCH content was sent to RAN1, which provide the following answers to the PBCH content [2]:

· SFN
· RAN2 assumes that the SFN that can be derived from the PBCH (including explicit and implicit bits) would be same as in LTE.

· For Hyper SFN, it is not needed in PBCH.
· Information for quick identification that UE cannot camp on the cell

· RAN2’s view is to have some information in MIB indicating that a cell is not campable (at least to address the NSA cell case). It is under discussion in RAN2 if additional information is needed for this purpose. If additional information is needed then this information would be at most 2 bits. 
· Area ID

· Value tag

· RAN2 has agreed that no value tag/area related information will be included in MIB.

· Cell ID extension

· For cell ID extension, RAN2 understands this refers to physical cell ID extension (i.e. not related to global Cell ID) and RAN2 has not identified a RAN2 need for physical Cell ID extension. Hence, RAN2 would like to leave the discussion and final decision to RAN1. RAN2 would like to indicate to RAN1 that in LTE, the UE can acquire global Cell ID via reading SIB1 when PCI confusion occurs. For NR, we will also have GCI in SIB1. Additionally, it would be possible to add such an extension (to the Physical Cell Identity) in future releases but it would not be understood by legacy UEs.
In this contribution, the contents and payload size of NR-PBCH are discussed. 
2 Discussion 

The different contents of the NR-PBCH are discussed in this section. 
In [1], it was summarized that the following timing information is carried at least partly explicitly on the PBCH. S0 to S9 indicate SFN. Other timing information are jointly acquired through S0 to S2, C0 and B0 to B5. These timing information are discussed respectively as follows.  
[image: image1.png]59 ......... 532525150 Co bs.-. blbo
BCH TTI Burst-set SS Block
resolution index index
within BCH within
Tl burst-set





Fig. 1: Timing information indication

· SFN

It has been agreed that [7 - 10] bits of SFN are indicated for at least 80 ms granularity. Consider the 80ms NR-PBCH TTI, at least 7 bits MSB of SFN should be indicated in PBCH explicitly. Similar to LTE, part of SFN bits is indicated implicitly. The indication of 3 LSB bits of the SFN, signaling the 10ms and 20ms SFN granularity, can be implemented with the following alternatives where the two alternatives differ in their indication granularity (10ms vs. 20ms for Alt1 and Alt2, respectively) [3]: 
· Alt 1: The 3 bits LSB of SFN (S0 to S2 in figure 1) are implicitly indicated by PBCH through blind decoding of 8 self decodable units of the different phases of the NR-PBCH scrambling codes. 
· Alt 2: The 2nd and 3rd least bits of SFN (S1 and S2 in figure 1) are implicitly indicated by NR-PBCH through blind decoding of 4 self decodable units of the different phases of the NR-PBCH scrambling codes. The remaining 8 bits are explicitly carried in MIB.   

Figure 2 and 3 show Alt 1 and 2, respectively.
[image: image2.emf]5ms Period

...

Coding and/or rate matching

000

MIB+CRC

10ms Period

20ms Period

40ms Period

80ms Period

0 1 2 3 4 5 6 7

160ms Period

...

...

...

...

...

10ms frame One SS burst set

001

010 011 100 101 110 111

80ms TTI

Least 3 bits of 

SFN


Fig. 2: Alt 1, 3 bits of SFN implicitly indicated by NR-PBCH and 7 bits explicitly included in MIB.
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Fig. 3: Alt 2, 2nd and 3rd least bits of SFN implicitly indicated by NR-PBCH and remaining 8 bits explicitly included in MIB
For Alt 1, 8 attempts of blind decoding are always needed for the minimum 10ms granularity. Consider the 20ms default periodicity of SS burst set, the implicit indication of SFN can also have 20ms granularity, which has only 2 bits.  Hence, the 4 different self decodable units of the NR-PBCH are implicitly indicated, representing the 2nd and 3rd least bits of SFN. The comparison between Alt 1 and Alt 2 is provided in Table 1.

Table 1: Comparison of Alt1 and Alt2

	
	Decoding complexity
	PBCH payload overhead
	PBCH combination

	Alt1
	8 blind attempts 
	7 bit for SFN field
	10ms interval assumption

	Alt2
	4 blind attempts
	8 bit for SFN field
	20ms interval assumption


Alt1 would yield higher combination gain when the periodicity is smaller than 20ms while in Alt 2, combining is per 20ms. However it will increase the FAR and increase the UE decoding complexity with 8 blind decode attempts for NR-PBCH scrambling codes. Alt2 has less decoding complexity with only 4 blind decoding attempts of the NR-PBCH scrambling codes. Compared to Alt1, only one additional payload bit is sent in the MIB.  In our view, Alt2 is preferred due to its reduced decoding complexity. 
Proposal 1: 8 bits of SFN are carried in NR-MIB, which include highest 7 bits and least bit of SFN. The 2nd and 3rd least bits of SFN are implicitly indicated by different phase of PBCH scrambling code.
· Timing information within radio frame
As agreed in last meeting, 3 bits of SS block index are carried by changing the DMRS sequence within each 5ms period. It can be further considered to limit the number of bits carried in this way to 2 if carrying 3 bits is shown to cause problems. Remaining bits of the timing information are carried explicitly in the NR-PBCH payload. In our companion contribution [3], it is proposed that 3 bits carried by NR-PBCH DMRS is used to indicate the SS block index within the SS burst, and 3 bits carried by NR-PBCH payload is used to indicate the SS burst index within the SS burst set. For the frequency range with maximum 4 or 8 SS blocks within an SS burst set, the 3 bits of SS burst indices could be set to 000 for reservation.
Proposal 2: 3 bits of SS bursts time index are carried in NR-MIB.
In our companion contribution [4], a subframe offset should be introduced for the SS burst set mapping to consider UL/DL configuration in NR TDD system. The frame timing can be derived from both SS block index and the subframe offset together.  It is proposed that 2 bits of subframe offset are carried in NR-MIB.
Proposal 3: 2 bits of subframe offset indication are carried in NR-MIB.

· SS burst set periodicity
The indication of updated SS burst set periodicity can be signaled in NR-PBCH for both connected and idle UE for synchronization maintenance and, if needed, for radio link monitoring. After acquisition of the updated SS burst set periodicity, UE can quickly adjust the reception window for the subsequent SS block detection. 
The SS burst set periodicity can be indicated through MIB or RMSI. Before UE can receive RMSI, it has to decode MIB successfully for RMSI scheduling information. If SS burst set periodicity is also carried in MIB, UE can receive SS burst set periodicity in the earlier stage.  Furthermore, the transmission of RMSI is not necessary to be aligned with the NR-PBCH. It is possible that there is no corresponding RMSI to the received NR-PBCH, as discussed below. Or the periodicity of RMSI is longer than of the NR-PBCH. If SS burst set periodicity is carried in RMSI, it will happen that even if UE detects SS block and reads MIB successfully, UE still cannot receive SS burst set periodicity. It has to wait the next reception of PBCH and corresponding RMSI for SS burst set periodicity indication. Therefore, it is preferred that SS burst set periodicity is carried in PBCH.
Proposal 4: Up to 3 bits of SS burst set periodicity is carried in NR-MIB.

· Half radio frame timing
For half frame timing indication, an additional 1 bit is needed to indicate the half frame timing if the 5ms window for SS burst set transmission can be allocated at any 5ms half frame when the SS burst set periodicity is larger than 5ms. However, if the 5ms window is fixed at first or second half frame in the specification, the half frame timing indication is only needed for the 5ms SS burst set periodicity case. 
Furthermore, if the 5ms window is fixed at first or second half frame in the specification, the half frame timing indication can be jointly indicated with SS burst set periodicity. Specifically, the half frame timing is only needed in the 5ms periodicity case, since SS blocks will only be exist in the first half frame in other periodicities. 
Proposal 5: Half radio frame timing is jointly indicated with SS burst set periodicity or additional one bit indication is carried in NR-MIB.

· Information on actual transmitted SS block(s)
To optimize the overhead, in [4] it is proposed that the actual transmitted SS blocks are signaled through a bitmap indicating the transmitted SS bursts in a SS burst set and another bitmap indicating the transmitted SS blocks within the SS burst.

Proposal 6: Up to [y] bits information on actual transmitted SS blocks is carried in NR-MIB.  
· RMSI scheduling information
The RMSI scheduling information carries the CORESET information of control channel that schedules the PDSCH containing RMSI. In our companion contribution [5][7], the CORESET configuration for common search space is discussed. Based on the discussion in our companion contributions, at least the following information needs to be configured in NR-PBCH:

· Starting position of the CORESET in frequency domain [2 bits]

· Comb information for distributed CORESET mapping [2 bits]

· Size of the CORESET [2 bits]
· Time location of the CORESET [2 bits]
The details on CORESET information are still under discussion. Before any agreements are made, [8] bits RMSI scheduling information can be assumed in MIB.

Proposal 7: [8] bits RMSI scheduling information is carried in NR-MIB.

· Information regarding bandwidth part
On receiving NR-PDSCH for RMSI, UEs should know the resource allocation region for RMSI, so CORESET for RMSI could indicate assigned PRBs within the region. To avoid RF retuning on receiving RMSI, CORESET for RMSI scheduling and NR-PDSCH RMSI should be confined within a certain DL bandwidth (e.g., BWP for RMSI), where the bandwidth should be equal to or smaller than the minimum NR UE bandwidth [6]. 
For forward compatibility and better flexibility, it is better that the bandwidth of the BWP is indicated by NR-MIB. For example, 8 possible bandwidths are predefined, and 3 bits are used to indicate one of the bandwidth. For the frequency location of the BWP for RMSI, it can be derived from the bandwidth and the CORESET, e.g. boundary/center frequency of the BWP for RMSI and CORESET for RMSI are aligned.

Proposal 8: [3] bits information regarding bandwidth part used as RMSI resource allocation region is carried in NR-MIB.
· Information for quick identification that there is no corresponding RMSI to the PBCH
To reduce the overhead in a wideband carrier, some SS blocks could be configured without corresponding RMSI. RMSI is necessary for UE to access to the cell. Network can indicate the presence of corresponding RMSI to the PBCH, in order to prevent the access of UEs which detect the SS block and corresponding PBCH. The carrier with SS block and corresponding RMSI could be taken as Primary Cell (PCell), and the carrier without SS block or without RMSI can only be added as Secondary Cell (SCell). Since the PCell can only be changed with handover, RMSI presence should be carrier-specific, and the content is the same for PBCHs with different beams in one carrier.
Proposal 9: 1 bit identification of RMSI presence is carried in MIB of NR-PBCH if it is not included in the RMSI scheduling information field. 
· Information on tracking RS
The information on tracking RS could be configured by UE specific RRC signaling as the CSI-RS configuration. Therefore, there is no need to be included in the MIB.
Proposal 10: Information on tracking RS is not carried in NR-MIB.  
· Reserved bits
In LTE Rel-8, 10 bits are reserved for future extension. In NR, at least 10 bits should be reserved. 
Proposal 11: 10+x bits are reserved in PBCH. 
· CRC 
Proposal 12: [19] bits CRC is carried in NR-MIB.
· Other contents decided by RAN2
As described in reply LS from RAN2 [2], the following contents in MIB related to RAN2 discussion are list as following: H-SFN: [0] bits, Area ID: [0] bits, Value tag: [0] bit, cell ID extension: [0] bits, RAN2 has not identified a RAN2 need for physical Cell ID extension, and 
· Information for quick identification that UE can not camp on the cell: up to [2] bit
Finally, Table 1 summarizes the contents and payload size of NR-PBCH as discussed above.
Table 1: Contents and of NR-PBCH
	NR-PBCH contents
	Size

	SFN
	8

	[H-SFN]
	0

	SS block time index
	3

	Subframe offset indication
	2

	Information on actual transmitted SS block(s)
	[y]

	RMSI scheduling information
	[8]

	[Information regarding bandwidth part]
	[3]

	Information for quick identification that there is no corresponding RMSI to the PBCH
	[1]

	[Information for quick identification that UE can not camp on the cell]
	Up to [2]

	SS burst set periodicity and half radio frame indication
	[3+1]

	[Area ID]
	0

	[Value tag]
	0

	[cell ID extension]
	0

	Information on tracking RS
	0

	Reserved bits
	10+x

	CRC bits
	[19]

	Total
	[60]+y+x


3 Summary of proposals
In this contribution, the payload of the NR-PBCH is listed and its size is discussed. The proposals in this paper are summarized as follows:

Proposal 1: 8 bits of SFN are carried in NR-MIB, which include highest 7 bits and least bit of SFN. The 2nd and 3rd least bits of SFN are implicitly indicated by different phase of PBCH scrambling code.
Proposal 2: 3 bits of SS bursts time index are carried in NR-MIB.

Proposal 3: 2 bits of subframe offset indication are carried in NR-MIB.

Proposal 4: Up to 3 bits of SS burst set periodicity is carried in NR-MIB.

Proposal 5: Half radio frame timing is jointly indicated with SS burst set periodicity or additional one bit indication is carried in NR-MIB.

Proposal 6: Up to [y] bits information on actual transmitted SS blocks is carried in NR-MIB.  
Proposal 7: [8] bits RMSI scheduling information is carried in NR-MIB.

Proposal 8: [3] bits information regarding bandwidth part used as RMSI resource allocation region is carried in NR-MIB.

Proposal 9: 1 bit identification of RMSI presence is carried in MIB of NR-PBCH if it is not included in the RMSI scheduling information field. 
Proposal 10: Information on tracking RS is not carried in NR-MIB.  
Proposal 11: 10+x bits are reserved in PBCH. 
Proposal 12: [19] bits CRC is carried in NR-MIB.
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