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Introduction and Background
In the Chairman’s notes of the RAN2#95bis meeting [1] the following was highlighted as a topic for further studies: 
FFS Whether the minimum SIs is broadcasted periodically in every cell on which a UE can camp

To address this question, we need first to discuss the actual content and the distribution format of minimum SI. The following is agreed in RAN2 [1]
1: 	In addition to basic information for initial access to the cell, the minimum SIs should include the scheduling information for broadcasted SIs/
2: 	PWS information can be classified into other SI. FFS whether this PWS would need additional enhancements.

In RAN1 [1] it has been decided that NR has two synchronization signals denoted NR-PSS and NR-SSS. Furthermore, NR defines at least one broadcast channel denoted NR-PBCH. RAN1 has 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 of 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. 

In RAN1 an agreement was also made that “PSS, SSS and/or PBCH can be transmitted within a ‘SS block’” [2]. 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
Transmission of MIB, SIB1 and SIB2
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.
[bookmark: _Toc466032954][bookmark: _Toc466033001][bookmark: _Toc466065612]RAN2 assumes that content of MIB could be different for 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 on top of SIB1). 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.
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. 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 transmits 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 parameters (one per PCI) in a same message (e.g. SI message). In this example the configurations may differ in e.g. which PRACH pre-ambles that are defined for accessing the cell.
Note that most of the content of different 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. 
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[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 beam use different MIBs. 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.  The different PRACH parameters are provided in a subsequent SIB2. More details related to this example are provided in [3].
[bookmark: _Toc466032955][bookmark: _Toc466033002][bookmark: _Toc466065613]System information supports different RACH parameters of each beam in a single SI message
Indexing of different versions
Since the SIBs in NR-PBCH2 may be relevant for multiple beams (Figure 3) as well as node with different PCI (Figure 2) it is not sufficient to only have one value tag transmitted the MIB. In addition to the system information value tag a system information index (denoted SI Index in Figure 4) is introduced to distinguish which configuration to use in each beam or cell in case the NR-PBCH2 contains system information relevant for more than one beam or cell.
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[bookmark: _Ref465778439]Figure 4: Example depicting a proposed structure of the minimum system information. The PCI is signalled 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 excluded.
In Figure 4 we provide an example depicting some additional details related to the broadcasting NR minimum SI. The SS Block provides the PCI and the MIB. The MIB contains at least a valueTag, an SI index, and a configuration enabling the UE to receive the SIBs.
[bookmark: _GoBack]The SI index may be interpreted as selecting which configuration in SIB2 that shall apply to each beam. This enables different beams to use different PRACH time slots or different PRACH pre-amble sequences for example. 
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.
[bookmark: _Toc466032956][bookmark: _Toc466033003][bookmark: _Toc466065614]Introduce a ValueTag for checking the validity the overall minimum system information.
[bookmark: _Toc466032957][bookmark: _Toc466033004][bookmark: _Toc466065615]Introduce an additional system information index (SI index) for a selecting particular SIB configuration.



Content of MIB and SIB1/SIB2
Potential content of the NR MIB is
· ValueTag – Validity check for all minimum SI
· SI index – Selecting SIB configuration on beam-level (e.g. in SIB2)
· Configuration of NR-PBCH2 transmission (containing at least SIB1).

It is FFS if other essential system information shall be included in the MIB (e.g. timing information, compressed or full PLMN ID list, etc).
[bookmark: _Toc466032958][bookmark: _Toc466033005][bookmark: _Toc466032959][bookmark: _Toc466033006][bookmark: _Toc464649324][bookmark: _Toc464650302][bookmark: _Toc464650612][bookmark: _Toc464650877][bookmark: _Toc464806783][bookmark: _Toc464807205][bookmark: _Toc464808622][bookmark: _Toc465415384][bookmark: _Toc465415918][bookmark: _Toc465778777][bookmark: _Toc465930580][bookmark: _Toc466032960][bookmark: _Toc466033007][bookmark: _Toc466065616][bookmark: _Toc464649323][bookmark: _Toc464650301][bookmark: _Toc464650611][bookmark: _Toc464649325][bookmark: _Toc464650303][bookmark: _Toc464650613][bookmark: _Toc464650878][bookmark: _Toc464806784][bookmark: _Toc464807206][bookmark: _Toc464808623]The MIB contains a ValueTag, SI index, and a configuration of the physical broadcast channel NR-PBCH2 containing at least SIB1.
Potential content of NR-PBCH2 is
· SIB1 – Indicating how other essential SIBs are transmitted
· Configurations of other SIBs as indicated by SIB1 – possibly multiple sets of these SIBs for multiple beams and multiple cells.

[bookmark: _Toc465415385][bookmark: _Toc465415919][bookmark: _Toc465778778][bookmark: _Toc465930581][bookmark: _Toc466032961][bookmark: _Toc466033008][bookmark: _Toc466065617][bookmark: _Toc464649326][bookmark: _Toc464650304][bookmark: _Toc464650614][bookmark: _Toc464650880][bookmark: _Toc464806786][bookmark: _Toc464807208][bookmark: _Toc464808625]SIB1 contains information on how other SIBs are transmitted.
Note that in Figure 4 only the configuration of how to request and receive on-demand system information (for the case when the UE does not have any RRC connection) is part of the minimum SI. The actual transmission of “on-demand SI” is part of the “other-SI”. Additional discussion related to on-demand SI can be found in [4].
Information required per cell
Returning to the FFS question of “whether the minimum SIs is broadcasted periodically in every cell on which a UE can camp” we propose that at least the PCI (NR-PSS/NR-SSS) and the MIB (NR-PBCH1) shall be transmitted from every cell on which the UE can camp. There is additional essential system information (SIB1 and SIB2) that in some deployments can be transmitted from other cells.
[bookmark: _Toc464649327][bookmark: _Toc464650305][bookmark: _Toc464650615][bookmark: _Toc464650881][bookmark: _Toc464806787][bookmark: _Toc464807209][bookmark: _Toc464808626][bookmark: _Toc465415388][bookmark: _Toc465415922][bookmark: _Toc465778781][bookmark: _Toc465930584][bookmark: _Toc466032962][bookmark: _Toc466033009][bookmark: _Toc466065618]The PCI (NR-PSS/NR-SSS) and the MIB (NR-PBCH1) shall be transmitted from every cell on which the UE can camp.
[bookmark: _Toc464649328][bookmark: _Toc464650306][bookmark: _Toc464650616][bookmark: _Toc464650882][bookmark: _Toc464806788][bookmark: _Toc464807210][bookmark: _Toc464808627][bookmark: _Toc465415389][bookmark: _Toc465415923][bookmark: _Toc465778782][bookmark: _Toc465930585][bookmark: _Toc466032963][bookmark: _Toc466033010][bookmark: _Toc466065619]The SIBs may be transmitted from the same or from another node than the one transmitting the PCI and the MIB. The UE does not assume any co-location between MIB and SIBs transmissions.
[bookmark: _Toc464650618][bookmark: _Toc464650884][bookmark: _Toc464806790][bookmark: _Toc464807212][bookmark: _Toc464808628][bookmark: _Toc465415390][bookmark: _Toc465415924][bookmark: _Toc465778783][bookmark: _Toc465930586][bookmark: _Toc466032964][bookmark: _Toc466033011][bookmark: _Toc466065620]In case the UE is only able to detect MIB but not the SIBs and it does not have any previously received copy of the SIBs that is valid and it has no information on how to request an on-demand transmission of the SIBs, then it shall consider itself to be out of coverage.
In case the PCI+MIB (NR-PSS/NR-SSS + NR-PBCH1) and the SIBs (NR-PBCH2) are transmitted from different nodes then the UE shall be able to receive both these channels in the case they are transmitted on the same frequency.  
In case the MIB and the SIBs are transmitted on different frequencies there are different options to consider: 
· A UE might receive information related to another frequency band or a different RAT. For example, if a UE is connected to LTE it may receive the content of the SIBs in NR (NR-PBCH2) while it is connected to LTE. Then when it measures on the NR carrier it only must receive the PCI and the MIB (NR-PBCH1) and check that the ValueTag is valid and that it has acquired the correct SIB configuration corresponding to the SI index before using that information.
· A UE may be required to receive the SIBs (NR-PBCH2) on another frequency band.
Related to the second option valid concerns about UE complexity has been raised by some companies. As the second option would allow more flexible network deployment options, it would be our preference. However, the mechanisms presented in this document would apply equally to both alternatives.
[bookmark: _Toc466032965][bookmark: _Toc466033012][bookmark: _Toc466065621]A UE may be required to receive the SIBs (NR-PBCH2) on another frequency band, at least for some network deployment options.
[bookmark: _Toc465930587]In addition to periodic broadcasting of essential SIBs RAN2 has decided that on-demand provisioning of SI shall also be supported. If such feature is supported, SIB1 shall contain information on how the on-demand SI will be transmitted (e.g. the configuration of the PDCCH and PDSCH used for transmitting the requested SI).
[bookmark: _Toc464649320]Conclusion
Based on the discussion in section 2 we propose the following:
Proposal 1	RAN2 assumes that content of MIB could be different for each beam
Proposal 2	System information supports different RACH parameters of each beam in a single SI message
Proposal 3	Introduce a ValueTag for checking the validity the overall minimum system information.
Proposal 4	Introduce an additional system information index (SI index) for a selecting particular SIB configuration.
Proposal 5	The MIB contains a ValueTag, SI index, and a configuration of the physical broadcast channel NR-PBCH2 containing at least SIB1.
Proposal 6	SIB1 contains information on how other SIBs are transmitted.
Proposal 7	The PCI (NR-PSS/NR-SSS) and the MIB (NR-PBCH1) shall be transmitted from every cell on which the UE can camp.
Proposal 8	The SIBs may be transmitted from the same or from another node than the one transmitting the PCI and the MIB. The UE does not assume any co-location between MIB and SIBs transmissions.
Proposal 9	In case the UE is only able to detect MIB but not the SIBs and it does not have any previously received copy of the SIBs that is valid and it has no information on how to request an on-demand transmission of the SIBs, then it shall consider itself to be out of coverage.
Proposal 10	A UE may be required to receive the SIBs (NR-PBCH2) on another frequency band, at least for some network deployment options.
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