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1 Introduction
In RAN1#89 meeting, the following agreements are related to NR-PBCH payload.
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:
· Following contents are carried in NR-MIB
· (Part of) SFN: [7 - 10] bits
· At least 80 ms granularity
· FFS: indication within 80 ms
· [H-SFN: 10 bits]
· RAN1 will ask RAN2
· Timing information within radio frame: [0 - 7] bits
· E.g., SS block time index: [0 - 6] bits
· E.g., half radio frame timing: [0 - 1] bit
· RMSI scheduling information: [x] bits
· CORESET(s) information: [x] bits
· Simplified information of CORESET(s) compared to CORESET(s) information for UE-specific configuration is considered
· E.g., Time/frequency resource configuration of CORESET(s)
· [Numerology of RMSI: [0 - 2] bits]
· [Information regarding frequency resources for PDSCH scheduling: [x] bits]
· [Information regarding bandwidth part: [x] bits]
· [Information for quick identification that there is no corresponding RMSI to the PBCH: [0 - 1] bit]
·  [Information for quick identification that UE can not camp on the cell: [0-1] bit]
· RAN1 will ask RAN2
· [SS burst set periodicity: [0 - 3] bits]
· [Information on actual transmitted SS block(s): [0 - x] bits]
· [Area ID: x bits]
· RAN1 will ask RAN2
· [Value tag: x bits]
· RAN1 will ask RAN2
· [cell ID extension: x bits]
· RAN1 will ask RAN2
· [Information on tracking RS: x bits]
· Reserved bits: [x > 0] bits
· CRC size for NR-MIB is [16 + y] bits

R1-1709758	[DRAFT]LS on NR-PBCH content	Ericsson
Agreed in R1-1709789 with following updates

In RAN1 NR-AdHoc#2 meeting, we have the following agreements related to NR-PBCH payload.
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

Agreements:
· An indication related to the synchronization information  is provided to the UE
· When there is the indication for a carrier, UE can utilize serving cell timing to derive the index of SS block transmitted by neighbour cell (e.g., radio frame or SFN or symbol level synchronization)
· Note that it is up to RAN2 how to provide this indication
· Note that it is up to RAN4 about the feasibility of synchronization and its requirement

According to Reply LS on PBCH content from RAN2 [1], 
· 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
· [bookmark: OLE_LINK82][bookmark: OLE_LINK81]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, we focus on the possible information that needed to be carried in the NR-PBCH and further narrow down the PBCH payload size.
2 NR-PBCH payload/size
TABLE 1 shows the potential contents of NR-PBCH information. The size of each IE is very preliminary, but the overall payload size (including CRC) should be controlled in the range of [56, 64] bits.
TABLE 1: Potential contents of NR-PBCH
	NR-PBCH IEs
	Size

	SFN
	7

	Timing information within radio frame
	1 for sub6GHz
4 for above6GHz

	Information of RMSI scheduling
(e.g. freq. resource info, periodicity, etc.)
	[12]

	[Actual number of NR-SS blocks]
	[FFS]

	[Frequency location of NR-SS]
	[FFS]

	Information for quick identification for UE camping
	[Up to 2]

	TRS configuration
	[Up to 3]

	Reserved
	[10]

	CRC
	[19]

	Total
	56~64



· SFN (System Frame Number)
· Similar to LTE, RAN1 already assumes SFN with a frame length of 10 msec in NR and the NR-PBCH TTI is 80ms. Therefore, the common MSB of SFN, i.e., (SFN mod 7) is indicated in MIB by using 7bits. 
· The remaining 3-bit LSB of SFN within NR-PBCH TTI can be implicitly indicated by using scrambling.
· No HSFN indication.
· Timing information within radio frame
· 1bit explicit indication of the half frame boundary
· Regarding the SS block index per 5ms, no explicit information in NR-PBCH payload is needed to indicate the timing information for sub6GHz. For above 6GHz, 3-bit LSB of SS block index is carried by DMRS in NR-PBCH symbols and therefore, the remaining 3-bit HSB of SS block index is explicitly indicated in PBCH [2].
· TRS configuration
· The removal of always-on CRS and introduction of wider bandwidth operation motivate the tool for fine time/frequency tracking over wider bandwidth (even for lower frequency). The more detailed discussion on the time/freq. tracking requirement for NR is in a companion contribution [3].
· The tracking RS (TRS) is necessary especially when we try to achieve low latency of the synchronization before DL signal detection. The TRS configuration may include e.g., on/off, periodicity, timing offset, etc. For the PDCCH and/or the SIBs signals, the low SINR requirement is still challenging considering the worst case of the cell-edge users. The RMSI as well as the other SIBs could be flexibly scheduled in PDSCH over wider BW [3], which requires better T/F sync than that of MIB. Although PDCCH may be limited in min BW, PDCCH can only rely on one-shot detection, impossible to do soft-combining as 4-shot MIB within PBCH TTI. Therefore, PDCCH also requires fine T/F sync performance. Also if PDCCH/PDSCH for RMSI use same numerology as data, the large SCS, such as 60kHz larger than SCS=15 or 30kHz for SS block in sub6GHz, will need tight timing accuracy for such short symbol duration/CP. Only using limited indication bits in NR-PBCH, it allows the flexibility of cell-specific TRS configuration. One example of TRS can be the level-1 CSI-RS as discussed in our companion contribution [3].
· Information of RMSI scheduling:
· Minimum SI consists of MIB which is fixed size and the RMSI which could be variable in size [4]. The scheduling information of scheduled PDSCH may change due to the different SI payload sizes. As per previous RAN1 agreement, an NR UE monitors for downlink control information in CORESET. The size of the CORESET in frequency domain is smaller than or equal to the carrier bandwidth (up to a certain limit). The NR-PBCH indicates the configuration of the CORESET, such as the frequency resource information (bandwidth, subbands, etc.) and possibly time resource information (periodicity, time offset, number of the symbols, etc.) with details in our companion contribution [5].
· [bookmark: _GoBack]Actual number of NR-SS blocks
· [bookmark: _MailEndCompose]This information indicates the actual number/range of NR-SS blocks in a SS burst set, including whether the system is operated in single-beam or beam-sweeping mode as a special case. Also, it can inform UEs the starting point of the remaining resources for CORESET/RMSI transmission. Especially the ss burst set periodicity could be as small as 5ms. If we predefine the CORESET time slot always after the max number of SS block transmission, the remaining resources are very limited, e.g., only 1ms per 5ms. If the actual SS block transmission is much smaller than max number, the CORESET could be configured in the remaining resources after the actual SS block transmission. Flexible time slot for CORESET/RMSI after the actual SS block transmission per 5ms could be considered. Although it is possible for network to configure respective active/de-active NR-SS block, the SS block index with predefined location should not be changed accordingly. One possible way is to indicate the NR-SS block index range as the actual number/range of SS blocks. The active/de-active configuration within this actual number/range of NR-SS blocks could be in a transparent way and the bitmap indication is not needed at least in limited MIB payload. 
· If the time slot for CORESET is pre-defined, other possible signaling methods, such as UE-specific RRC signaling, can be considered to indicate actual configuration of SS block transmission for accurate RRM measurement. More detailed discussion on the signaling methods of actual configuration of SS blocks are in our companion contribution [6].
· Frequency location of NR-SS blocks
· Considering the sync band may not be in the middle of the carrier bandwidth in NR. The indication of its frequency location could be indicated in MIB if PBCH symbols have space.
· The DC offset is needed to understand the frequency location of NR-SS as well as the CORESET frequency allocated resources. The detailed design is up to the RAN4 to decide the possible number and locations of the sync BW with the max BW. 
· Whether to indicate the DC offset and/or in MIB or RMSI is FFS. But within a wide BW, if the RMSI is allowed to be scheduled outside min BW, it could be straightforward to reuse the DCI design within the whole system bandwidth so that the CORESET including the UE-common PDCCH for RMSI is compatible with UE-specific CORESET. In this sense, early indication of DC offset and BW is useful. 
· Information for quick identification that UE cannot camp on the cell
· According to RAN2’s view that some information in MIB indicating that a cell is not campable (at least to address the NSA cell case) is needed but the size is FFS, up to 2bits.
· Reserved
· In LTE Rel-8, 10 bits are reserved for future extension. Later in Rel-13, 5 bits are taken for eMTC SIB1 scheduling info.
· NR may need to keep this not only for future extension but also for octet aligned of the total bits. 
· CRC
· In LTE Rel-8, 16 bits are used for CRC. Further evaluation on the number of CRC bits may be needed if the estimated payload size of MIB for NR is much larger than that of LTE. Considering the Polar code is adopted as the channel coding scheme for PBCH, additional 3-bit CRC is needed on top of 16-bit CRC in LTE to achieve similar miss-detection and false alarm probability. The decision on the CRC bits is up to the coding session discussion.
Proposal: Consider Table1 for potential contents of NR-PBCH and total payload size is 56~64 bits.
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3 Conclusions
This contribution has investigated the possible information, and made the following proposal.
Proposal: Consider Table1 for potential contents of NR-PBCH and total payload size is 56~64 bits.
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