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Introduction
RAN1#87 made the following agreements on the delivery of system information:
· Consider followings for minimum system information transmission:
· NR-PBCH is a non-scheduled broadcast channel carrying at least a part of minimum system information with fixed payload size and periodicity predefined in the specification depending on carrier frequency range
· Alt. 1: NR-PBCH carries a part of minimum system information
· Alt 1-1 : remaining minimum system information is transmitted via other channel at least partially indicated by NR-PBCH
· Alt 1-2: Remaining minimum system information is transmitted via other channel not indicated in NR-PBCH
· Alt. 2: NR-PBCH carries all of minimum system information
· For study of the cases where NR-PBCH carries a part of minimum system information, consider the following alternatives (or combinations) for the minimum system information other than those included in NR-PBCH : 
· Alt. 1:  NR defines the additional channel as secondary broadcast channel
· Secondary broadcast channel may be different design from NR-PBCH, e.g. payload size, resource mapping, periodicity and etc.
· FFS on transmission: beam-specific,  cell-specific, and/or TRP-specific, etc.
· Alt. 2:  The remaining information is transmitted in shared downlink channel similar to ,e.g. NR-PDSCH
· FFS on transmission: UE-specific, UE group-specific, beam-specific,  cell-specific, and/or TRP-specific, etc.



In addition, RAN2 has defined the minimum system information to have the following properties:
· Minimum SI is periodically broadcast
· Minimum SI includes information for
· supporting cell selection
· acquiring other system information including scheduling information
· accessing the cell
In this contribution we discuss the NR-PBCH design and the split of the NR-PBCH into two channels.
[bookmark: _Ref471729558]One or two physical channels
[bookmark: _Ref465847748]RAN2 agreed that the minimum system information should include the information needed for e cell selection and this information should include one or multiple PLMNID(s). Multiple PLMNIDs are already supported in LTE and with additional support for third party hosting in NR, even more PLMNIDs need to be signalled where each PLMNID is in the order of 24 bits. Hence, the minimum system information can be significantly larger than the MIB in LTE. From this we can make the following observations:
The total number of bits in the minimum system information can be quite large
The total number of bits in the minimum system information will vary depending on the deployment
As RAN1 already agreed that the NR-PBCH has a fixed payload, the NR-PBCH would have to be designed for the maximum payload if all the minimum system information is to be transmitted using the NR-PBCH or RAN2 would need to severely limit the minimum system information, the previous limiting the coverage or resulting in a large overhead and the latter limiting the flexibility in deployments. Based on this we make the following proposal:
Part of the minimum system information is transmitted on the NR-PBCH. The remaining minimum system information is transmitted via a different broadcast channel. 
With the minimum system information split into two channels, the periodicity of the two channels can be different reducing the physical layer overhead from the minimum system information. 
The channel carrying the remaining essential system information does not yet have a name and in this contribution we will simply denote it NR Secondary PBCH, in short NR-SPBCH.
NR-PBCH
Payload
Defining the minimum system information is a task for RAN2, but to get a feeling of the payload needed we envision the following for the Master Information Block(MIB) in the NR-PBCH:
· Value tag: The value tags indicate changes to the system information and to allow UEs waking up to quickly identify that they have valid system information, the value tag should be in the MIB. The details of this is a RAN2 decision.
· System Frame Number: Only parts of the SFN is needed in the MIB. First of all, with fixed periodicity of the NR-PBCH, no indication of frame number lower than the periodicity is needed. With scheduling information for the NR-SPBCH included in NR-PBCH, only offset to the NR-SPBCH needs to be included and the remaining information can be put in NR-SPBCH.
· Scheduling of NR-SPBCH: This is the resource allocation of the NR-SPBCH. The needed information is discussed in section 4.2.
Additional information can be included if considered essential.
Transmission of SS Block
RAN1 has previously 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 containing NR-PSS/SSS. We assume that after having received one SS Block, the UE is aware of the symbol timing (e.g. from PSS), the PCI (e.g. from PSS and SSS) and the time offset from the start of the SS Burst (discussed below). 

[image: ]
[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 are needed:
· [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 to allow soft combining of the MIB within an SS Burst
· [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.
As stated above, for the UE to be able to do soft combine the MIB within an SS Burst, the MIB needs to be identical in one SS Burst. This means that the time offset from the start of the SS Burst to SS Block should not be part of the MIB, but either encoded separately on the NR-PBCH, conveyed using a dedicated signal (e.g. the ESS) or as part of the total signaling space of PSS/SSS.
The time offset from the start of the SS Burst to the SS is indicated to the UE separately from the MIB.
Within an SS burst, the content of the MIB is fixed to allow soft combining.
Periodicity and TTI
As discussed in [1], long network DTX should be possible in NR and low periodicity for PSS/SSS should be used. The NR-PBCH cannot be transmitted at a higher periodicity than PSS/SSS and in order to allow checking of system information at the same periodicity it is proposed that every SS block contains a NR-PBCH.
The transmission periodicity of NR-PBCH is the same as for PSS/SSS
Due to the inclusion of at least part of the SFN in the NR-PBCH, the information will change between transmission occasions. Any further discussion on the TTI of the NR-PBCH can be handled by RAN2. 
NR-SPBCH
Payload
The content and the payload size for the NR-SPBCH will be discussed by RAN2, but as already discussion in section 2, the payload size will be variable.
The NR-SPBCH design should support variable payload size.
Periodicity and TTI
The configuration and format of the physical channel used to transmit NR-SPBCH and possibly additional SIBs is configured in the MIB. Here we assume the following in relation to the transmission of system information 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, see Figure 4.

[image: ]
[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. The benefits of SFN transmission of system information were shown in [2].
[image: ]
[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.
Scheduling
As previously mentioned, there are clear benefits of transmitting NR-SPBCH in SFN and indicating the scheduling in NR-PBCH is preferred over using a PDCCH/PDSCH-like structure that is used for SIBs in LTE. 
Based on this we make the following proposal:
The scheduling information for NR-SPBCH is indicated in NR-PBCH
With SFN transmission of NR-SPBCH across multiple cells with different cell ID, the cell ID cannot be used to identify the demodulation RS used for it. A separate identifier indicated in the NR-PBCH gives the demodulation RS to be used. 
Conclusion
In section 2 we made the following observations:
1. [bookmark: _GoBack]The total number of bits in the minimum system information can be quite large
The total number of bits in the minimum system information will vary depending on the deployment
Based on the discussion, we propose the following:
1. Part of the minimum system information is transmitted on the NR-PBCH. The remaining minimum system information is transmitted via a different broadcast channel. 
The time offset from the start of the SS Burst to the SS is indicated to the UE separately from the MIB.
Within an SS burst, the content of the MIB is fixed to allow soft combining. 
The transmission periodicity of NR-PBCH is the same as for PSS/SSS
The NR-SPBCH design should support variable payload size.
The scheduling information for NR-SPBCH is indicated in NR-PBCH



[bookmark: _In-sequence_SDU_delivery]Referencess

R1-1700294, “NR SS burst set periodicity”, Ericsson
[bookmark: _Ref471729757]R1-1611903, “Broadcasting system information by means of SFN-transmission in NR”, Ericsson
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