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Introduction and Background
This contribution addresses the actual content and the distribution format of minimum system information (SI). The following is agreed in RAN2:
Agreements from RAN2#95bis:
· For on demand SI, other SIs may be broadcasted at configurable periodicity (equivalent to SI period in LTE) and for a certain duration.
· Request of the other SI by idle and “new state” UE should be performed without state transition.
· For an SI required by the UE, the UE should know whether it is available in the cell and whether it is broadcast or not before it sends the other SI request (e.g. by checking minimum SI). 
· In addition to basic information for initial access to the cell, the minimum SIs should include the scheduling information for broadcasted SIs/
· PWS information can be classified into other SI. FFS whether this PWS would need additional enhancements.
· FFS Whether the minimum SIs is broadcasted periodically in every cell on which a UE can camp
· FFS Whether there are cells in the system where the UE cannot camp.
Agreements from RAN2#96:
· There will be NG Core/CN Location Area code (similar to Tracking Area code) broadcast in system information of an NR Cell.
· There will be a unique global Cell ID broadcast in system information of NR Cell.
· For a cell/frequency that is considered for camping by UE, then UE should not be required to acquire minimum system information from other cell/frequency layer (this does not preclude reception via SFN that is under discussion in RAN1). This does not preclude the case that UE applies stored system information from previously visited cell(s).
· There may be cells in the system on which the UE cannot camp and do not broadcast minimum system information 
· If UE cannot determine the full minimum SI of a cell (by receiving from that cell or from valid stored information from previous cells), UE shall consider that cell as barred. It is desirable for the UE to know very quickly that this cell is not campable.
· Each cell on which the UE is allowed to camp broadcasts at least some contents of the minimum system information.
· The minimum SI should provide the information of Other SIs available in the cell, including the SIB type and validity information.
· UE checks the scheduling information of the other SI in the minimum SI to detect whether a specific SIB is being broadcasted or not.
· The SI transmission window in LTE is baseline for NR.
· The scheduling information for other SI should include SIB type, validity information, periodicity, SI-window information. 
· FFS: Whether MSG1 and/or MSG3 is used to carry other SI request.
· For UEs in connected, dedicated RRC signalling can be used for the request and delivery of other SI.
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-Secondary PBCH, in short NR-SPBCH. For naming consistency, we will use the name NR-PBCH 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-PBCH and NR-SPBCH, 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’” [4]. 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 and SIB1+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 logical overview of potential solution for NR system information distribution. 
In Figure 1 the NR-PSS/SSS defines the Physical Cell Identity (PCI). In RAN1, there have been proposals to also introduce another signal component, here denoted ESS, that would convey the time offset of an SS Block within an SS Burst. It if FFS to define if the ESS is a separate signal or if this information is provided to the UE in some other way.
A Master Information Block (MIB) is transmitted together with the NR-PSS/NR-SSS inside the NR Physical Broadcast Channel 1 (NR-PBCH).
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 different beams. However, in case the MIB is different the UE cannot perform simple energy combining of multiple NR-PBCH receptions.
The MIB contains information on how the UE can receive SIB1 which is transmitted in the second physical broadcast channel, here denoted NR-SPBCH. The SIB1 contains information related to where to receive all the remaining minimum system information 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 needs.
By transmitting SIB1 in a physical broadcast channel (NR-SPBCH) that is 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-PBCH) with a period of at most 80 ms (i.e. the SS Burst set duration is assumed to be 80 ms).
· At least SIB1 is transmitted in a second physical broadcast channel (NR-SPBCH) that is configured in the MIB. SIB1 contains information about how the other SIBs are transmitted. The NR-SPBCH is transmitted with a period of at most 80 ms. The value of TTI of the NR-SPBCH is FFS but it could be larger than 80 ms (e.g. 640 ms in case there are 8 different redundancy versions / repetitions of the NR-SPBCH content).
For enabling long network DTX it is beneficial to define the NR-PSS/SSS periodicity to be as large as possible. In case the NR-PSS/SSS periodicity is e.g. 80 ms, it makes sense to transmit the MIB after every NR-PSS/SSS transmission. It is FFS whether there should be a MIB transmission after every NR-PSS/SSS transmission in case the NR-PSS/SSS is transmitted more often.
Transmission of SS Block
RAN1 has decided that SS Blocks are transmitted in SS Bursts and that a SS Burst Set may contain more than one SS Burst, see Figure 2.
The SS Block consist of a synchronization part denoted NR-PSS/SSS/ESS in this contribution. It is for RAN1 to decide the exact design of this synchronization part. Here we assume that after having received one instance of the NR-PSS/SSS/ESS the UE is aware of the symbol timing (e.g. from the PSS), the PCI (e.g. from the PSS and SSS) and the time offset to the start of the SS Burst (e.g. from the ESS). Other alternatives are possible to enable the UE to derive this information.
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[bookmark: _Ref470014120]Figure 2: Schematic picture of an SS Block Set contain up to M SS Bursts, each containing up to N SS Blocks.
The key thing is what the UE must assume in order to receive an SS Burst Set. Here we make the following assumptions:
· An SS Burst may contain up to N (the value of N is FFS) SS Blocks, but it may be shorter. 
· SS Blocks can be up to 80 ms apart (but may come more often, e.g. 40, 20, 10, or 5 ms)
To support both beam-sweeping (spatial repetition) and time-domain repetition (temporal repetition) in the same framework we make the following additional assumptions (to be confirmed by RAN1):
· [bookmark: _Toc470015668]The UE may not assume that any two SS Blocks in an SS Block Set use identical beamforming, unless it is explicitly informed that this is the case.
· [bookmark: _Toc470015669]The UE shall not assume that all SS Bursts in an SS Burst Set can be received.
· [bookmark: _Toc470015670]The UE shall not assume that all SS Blocks in an SS Burst can be received.
· [bookmark: _Toc470015671]MIBs transmitted in the same SS Burst are identical.
· [bookmark: _Toc470015672]MIBs transmitted in different SS Burst may be different.
· [bookmark: _Toc470015673]The UE should be able to determine if two received SS Blocks belong to the same SS Burst or not. 
With the above assumptions it is straightforward for the NR standard to support both beam-sweeping in narrow beams as well as time repetition in wider beams as depicted in Figure 3.
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[bookmark: _Ref470166944]Figure 3: Examples of different configurations of an SS Burst Set. Top: Time-repetition within one SS Burst in a wide beam. Middle: Beam-sweeping of a small number of beams using only one SS Burst in the SS Burst Set. Bottom: Beam-sweeping of a larger number of beams using more than one SS Burst in the SS Burst Set to form a complete sweep.
Transmission of SIB1
The configuration and format of the physical channel used to transmit SIB1 and possibly additional SIBs is configured in the MIB. Here we assume the following in relation to the transmission of SIB1 inside the NR-SPBCH (see Figure 4):
The NR-SPBCH transmission periodicity is configurable in MIB
· The NR-SPBCH TTI spans over K (e.g. 8, the value of K is FFS) SS Block Sets (e.g. 8 × 80 = 640 ms)
· There can be up to L (the value of L is FFS) repetitions/redundancy versions of NR-SPBCH within a TTI 
Furthermore, we assume that every 80 ms the UE can expect to receive at least one SS Block and at least one redundancy version of NR-SPBCH (containing at least SIB1), see Figure 4.
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[bookmark: _Ref470015998]Figure 4: The UE may assume that it will receive at least one SS Block and at least one NR-SPBCH redundancy version every 80 ms.
Note that the UE shall not assume that the beam-forming of the SS Blocks is related to the beamforming of the NR-SPBCH. For example, the SS Block may be beam-swept using narrow and cell-dependent beam-forming while the SIBs may be transmitted jointly in wide beams using single-frequency network transmission format, see Figure 5.
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[bookmark: _Ref470016773]Figure 5: Example depicting that the beamforming and transmission format of the SS Block and of the SIBs may be different and that the UE typically cannot use the PCI to derive the information required to read the SIBs.
Indexing of different system information versions
Since the SIBs in NR-SPBCH may be relevant for multiple beams as well as nodes with different PCI we introduce a field in the MIB denoted “SI Index” that may be used to define a set of pre-defined system information configurations.
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[bookmark: _Ref465778439][bookmark: _Ref471514070]Figure 6: Example depicting a proposed structure of the minimum system information. The PCI is signalled by NR-PSS/NR-SSS; Symbol timing within a SS Burst is assumed to be provided by an NR-ESS component (other options are possible); a MIB is signalled in a first broadcast channel denoted NR-PBCH; and the periodically broadcasted SIBs are signalled in a second broadcast channel denoted NR-SPBCH. Additional information fields are not excluded.
In Figure 6 we provide an example depicting some additional details related to the broadcasting of NR minimum SI. The SS Block provides the PCI and the MIB. From the MIB the UE can derive at least a ValueTag, an SI index, and a configuration enabling the UE to receive SIB1.
The SI index may be interpreted as selecting which configuration in e.g. 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 6 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 must quickly acquire the SI associated to this new beam. If the UE already has a stored copy of that SI it may immediately use that, identified by the SI index. 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][bookmark: _Toc470015675][bookmark: _Toc470169033][bookmark: _Toc470174281][bookmark: _Toc470174334][bookmark: _Toc470174581][bookmark: _Toc470174676][bookmark: _Toc470941435][bookmark: _Toc470941816][bookmark: _Toc471404970][bookmark: _Toc471473149][bookmark: _Toc471514686]Introduce a ValueTag for checking the validity of the overall minimum system information.
[bookmark: _Toc466032957][bookmark: _Toc466033004][bookmark: _Toc466065615][bookmark: _Toc470015676][bookmark: _Toc470169034][bookmark: _Toc470174282][bookmark: _Toc470174335][bookmark: _Toc470174582][bookmark: _Toc470174677][bookmark: _Toc470941436][bookmark: _Toc470941817][bookmark: _Toc471473150][bookmark: _Toc471514687][bookmark: _Toc471404971]Introduce means to derive an additional system information index (SI index) for selecting a SI configuration from a set of pre-defined SI configurations.
Note that Figure 6 only denotes the information that the UE may derive from the NR-SPBCH. The figure does not show how this information may be most efficiently encoded. For system information related to different beams or cells most of the parameters will be identical and by coding common parameters jointly this encoding can be made very effective. For example, for two neighbouring cells we may only need to specify different values for the GlobalCellID and the index of the first PRACH preamble (and possibly a small number of additional parameters) while all other SI parameters could be identical. 
[bookmark: _Toc470174081][bookmark: _Toc470174690][bookmark: _Toc470941434][bookmark: _Toc471514691]There is typically only a small number of parameters in SIB1 (e.g. global cell ID) and SIB2 (e.g. index of first PRACH preamble) that are different in neighbouring cells or in neighbouring beams.
[bookmark: _Toc470174678][bookmark: _Toc470941437][bookmark: _Toc470941818][bookmark: _Toc471404972][bookmark: _Toc471473151][bookmark: _Toc471514688]The broadcasted SI may contain information related to multiple cells as well as to multiple beams in the same cell.
Content of MIB and SIB1/SIB2
Potential content of the NR MIB is (see also [5])
· ValueTag / SI index – Validity check and system information version for all minimum SI
· SFN bits – Providing coarse time information (e.g. SS Burst index within the SS Burst Set)
· Configuration of NR-SPBCH transmission (where the UE will be able to find at least SIB1).

It is FFS if other essential system information shall be included in the MIB.
[bookmark: _Toc466032958][bookmark: _Toc466033005][bookmark: _Toc466032959][bookmark: _Toc466033006]Potential content of NR-SPBCH 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.
· Additional SIBs (as specified by SIB1)

[bookmark: _Toc470174583][bookmark: _Toc470174679][bookmark: _Toc470941438][bookmark: _Toc470941819][bookmark: _Toc471404973][bookmark: _Toc471473152][bookmark: _Toc471514689][bookmark: _Toc465415385][bookmark: _Toc465415919][bookmark: _Toc465778778][bookmark: _Toc465930581][bookmark: _Toc466032961][bookmark: _Toc466033008][bookmark: _Toc466065617][bookmark: _Toc470015678][bookmark: _Toc470169036][bookmark: _Toc470174284][bookmark: _Toc470174337][bookmark: _Toc464649326][bookmark: _Toc464650304][bookmark: _Toc464650614][bookmark: _Toc464650880][bookmark: _Toc464806786][bookmark: _Toc464807208][bookmark: _Toc464808625]The MIB contains information required to receive SIB1 (e.g. the physical channel configuration and transport format of NR-SPBCH).
[bookmark: _Toc470174584][bookmark: _Toc470174680][bookmark: _Toc470941439][bookmark: _Toc470941820][bookmark: _Toc471404974][bookmark: _Toc471473153][bookmark: _Toc471514690]SIB1 contains information on how to receive additional SIBs.
Note that in Figure 6 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”, in last meeting it was agree that “Each cell on which the UE is allowed to camp broadcasts at least some contents of the minimum system information.” We propose that at least the PCI (NR-PSS/NR-SSS) and the MIB (NR-PBCH) 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 in SFN transmission, pending discussion in RAN1. Another option is that 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-SPBCH) while it is connected to LTE (i.e. NR SIBs transmitted via LTE). Then when it measures on the NR carrier it only must receive the PCI and the MIB (NR-PBCH) 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.
[bookmark: _Toc465930587][bookmark: _Toc464649320]Conclusion
In this paper we have made the following observation(s): 
Observation 1	There is typically only a small number of parameters in SIB1 (e.g. global cell ID) and SIB2 (e.g. index of first PRACH preamble) that are different in neighbouring cells or in neighbouring beams.
Based on the discussion in section 2 we propose the following:
Proposal 1	Introduce a ValueTag for checking the validity of the overall minimum system information.
Proposal 2	Introduce means to derive an additional system information index (SI index) for selecting a SI configuration from a set of pre-defined SI configurations.
Proposal 3	The broadcasted SI may contain information related to multiple cells as well as to multiple beams in the same cell.
Proposal 4	The MIB contains information required to receive SIB1 (e.g. the physical channel configuration and transport format of NR-SPBCH).
Proposal 5	SIB1 contains information on how to receive additional SIBs.
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