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Introduction and Background
In RAN1#86bis, it was agreed that NR has two synchronization signals denoted NR-PSS and NR-SSS. Furthermore, NR defines at least one broadcast channel denoted NR-PBCH. RAN1 further agreed that the following broadcasting schemes to carry essential system information can be considered:
· Option 1: NR-PBCH carries a part of essential system information for initial access including information necessary for UE to receive channel carrying remaining essential system information.

· Option 2: NR-PBCH carries minimum information necessary for UE to perform initial UL transmission (not limited to NR-PRACH) in addition to information in Option 1.

· Option 3: NR-PBCH carries all essential system information for initial access.

Other options are not precluded by RAN1. 

The “channel carrying remaining essential system information” mentioned in Option 1 does not yet have a name and in this contribution we will simply denote it NR-PBCH2. For naming consistency, we will use the name NR-PBCH1 for the first physical broadcast channel that is transmitted together with NR-PSS and NR-SSS. 

In this paper we consider option 1 above to be the starting point for defining a solution for the minimum SI in NR. Note however that, depending on exactly which information fields that are included in NR-PBCH1 and NR-PBCH2, this basic structure can be made compliant with all options 1, 2, and 3, listed above. 

It was also agreed was also made that “PSS, SSS and/or PBCH can be transmitted within a ‘SS block’”. Here we will further assume that a physical cell identity (PCI) is encoded in the synchronization signals NR-PSS/NR-SSS, in a similar way as for LTE.

[bookmark: _Ref178064866]Discussion
A start of a solution in line with above agreements and options from RAN1 and RAN2 could look like the following:
[image: ]
[bookmark: _Ref465411528]Figure 1: Schematic overview of potential solution for NR system information distribution. 
In Figure 1 the NR-PSS/SSS defines the Physical Cell Identity (PCI). A Master Information Block (MIB) is transmitted together with the NR-PSS/NR-SSS inside the BR Physical Broadcast Channel 1 (NR-PBCH1).
The PCI defines the NR cell. In case a cell transmits the synchronization signals in different beams during different time slots then the MIB content may be different in each beam.
The MIB contains information on how the UE can receive SIB1 which is transmitted in the second physical broadcast channel, here denoted NR-PBCH2. Typically, the NR-PBCH2 contains all the remaining minimum system information as well (such as SIB2). In case some minimum SI must be requested and then sent on demand then SIB1 will contain the necessary configurations the UE need.
By transmitting SIB1 in a physical broadcast channel configured in the MIB we enable multiple cells and beams to cooperate in transmitting the essential SIBs, e.g. using single frequency network (SFN) modulation[1].
The following structure is assumed for the distribution of the minimum SI in NR:
· The PCI and the MIB is transmitted in an SS Block (NR-PSS + NR-SSS + NR-PBCH1) with a period of X1 ms. The value of X1 is FFS.
· At least SIB1 is transmitted in a second physical broadcast channel (NR-PBCH2) that is configured in the MIB. SIB1 contains information about how the other SIBs are transmitted. The NR-PBCH2 is transmitted with a period of X2 ms, X2 ≥ X1. The value of X2 is FFS.
For enabling long network DTX it is beneficial to define the PSS/SSS periodicity to be as large as possible. and in case the PSS/SSS periodicity is e.g. 80 ms it makes sense to transmit the MIB after every PSS/SSS transmission[2]. It is FFS there should be a MIB transmission after every PSS/SSS transmission in case the PSS/SSS is transmitted more often.
By separating the minimum SI in two physical broadcast channel (MIB in NR-PBCH1 and other essential SIBs in NR-PBCH2) we enable efficient SI distribution in the scenarios relevant for NR, see Figure 2 and Figure 3. 
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[bookmark: _Ref464807354][bookmark: _Ref465928393]Figure 2: Example of joint transmissions of SIBs in a multi-cell scenario. 
Figure 2 depicts a small example of how the minimum SI could be transmitted in a multi-cell scenario (e.g. a C-RAN deployment). Each node in this scenario transmit separate PCIs and MIBs. The PCIs are different and defines the two cells in this example. Each cell transmits one MIB each in an omni-beam together with the PCI. In addition, each of the gNBs jointly transmit the SIBs in second periodic broadcast channel (NR-PBCH2) using a single-frequency network (SFN) transmission format. The periodically broadcasted SIBs consist of one joint SIB1 and two configurations of SIB2 (one per PCI). In this example the SIB2 configurations may differ in e.g. which PRACH pre-ambles that are defined for accessing the cell.
Note that most of the content in the two SIB2 configurations are identical and can be efficiently encoded together. The details on how to do an efficient joint encoding of multiple configurations of the same SIB is FFS. 
[image: ]
[bookmark: _Ref465928399][bookmark: _Ref465929660]Figure 3: Example of joint transmissions of SIBs in a multi-beam scenario.
In Figure 3 we show an example with one cell defined by PCI1 consisting of 8 beams. In this example each set of two nearby beams use the same MIB. By allowing for different MIBs in different beams we can make use of different PRACH parameters (e.g. PRACH pre-ambles and PRACH timing window) in different beams.  By also allowing for some beams (e.g. the adjacent pair of beams in the example) to transmit identical MIBs we can define a smaller number of PRACH timing windows than the number of beams we define in the downlink[3]. 
[image: ]
[bookmark: _Ref465778439]Figure 4: Example depicting a proposed structure of the minimum system information. The PCI is given by the index of NR-PSS/NR-SSS; a MIB is signalled in a first broadcast channel denoted NR-PBCH1; and the periodically broadcasted SIBs are signalled in a second broadcast channel denoted NR-PBCH2. Additional information fields are not prcluded.
In Figure 4 we provide an example depicting some additional details related to the proposed solution for NR minimum SI. The SS Block provides the PCH and the MIB. The MIB contains at least a valueTag, an SI index, and a configuration enabling the UE to receive the NR-PBCH2..
The SI index may be interpreted as selecting which SIB2 configuration that shall apply to each beam. This enables different beams to use different PRACH time slots or different PRACH preamble sequences for example. Additionally, in the example provided in Figure 3 the SI index is used to enable different beams to use different SI without requiring that each beam transmit that SI explicitly. As beams become many and narrow the UE will stay for a short time in each beam before entering a new beam belonging to the same cell. When that happens the UE quickly must acquire the SI associated to this new beam. If the UE already has a stored copy of that SI it may immediately use that. The alternative would be that each beam transmits its own SI with a high periodicity which would be much more expensive compared to only transmitting a SI index.
Based on the discussion above, we propose the following: 
The MIB is carried by a physical channel (e.g. NR-PBCH1) which is transmitted in the SS-block together with the NR-PSS and NR-SSS.
Additional broadcasted SIBs are carried by a different physical channel (e.g. NR-PBCH2). When the content of the NR-PBCH2 is the same in multiple cells, the NR-PBCH2 can be transmitted using SFN.

[bookmark: _Toc465930587][bookmark: _Toc464649320]Conclusion
Based on the discussion in section 2 we propose the following:
1. The MIB is carried by a physical channel (e.g. NR-PBCH1) which is transmitted in the SS-block together with the NR-PSS and NR-SSS.
1. Additional broadcasted SIBs are carried by a different physical channel (e.g. NR-PBCH2). When the content of the NR-PBCH2 is the same in multiple cells, the NR-PBCH2 can be transmitted using SFN.
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