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Introduction
RAN1 has already agreed to have a NR-PBCH with a fixed payload. As discussed in [1], this implies that not all minimum system information can be broadcast on the NR-PBCH. In this contribution, we discuss further the delivery of the remaining minimum system information. 
On demand delivery of minimum system information
[bookmark: _Ref465847748]There is a proposal for delivering the remaining minimum system information on-demand, where the UE acquires the needed information from the NR-PBCH to perform the random access procedure, performs the random access procedure and the network then delivers the remaining minimum system information for example through dedicated signalling or by turning on the broadcast of the remaining minimum system information. 
Before a UE can start the random access procedure, it needs to know that it is allowed to access the given cell. With on-demand delivery of minimum system information, this means that in addition to the PRACH configuration, the PLMNID(s) and the cell barring information needs to be broadcast on the NR-PBCH. Otherwise, all UEs finding the cell would need to perform the random access procedure to find out if it is allowed to access the cell which is highly undesirable.  
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[2]. Hence, including the additional information needed to support on-demand delivery of the remaining minimum system information will significantly increase the size of the MIB compared to the MIB in LTE. From this we can make the following observations:
On-demand delivery of the remaining minimum system information will significantly increase the size of the MIB. 
Based on the observation, we make the following proposal:
The remaining minimum system information is broadcast on a separate broadcast channel. 
Note that it is only for the remaining minimum system information that on-demand delivery of system information is infeasible. Any system information not part of the minimum system information can be delivered on-demand. 
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-SPBCH
Payload
The content and the payload size for the NR-SPBCH will be discussed by RAN2, but as discussed in [1], the payload size will be variable.
The NR-SPBCH design should support variable payload size.
It is assumed that the NR-SPBCH can also be used not only remaining minimum system information, but also for any additional system information. 
Periodicity and TTI
The configuration and format of the physical channel used to transmit NR-SPBCH is configured in the MIB in. The scheduling of any additional system information can be indicated in the NR-SPBCH carrying the remaining minimum system information(“SIB1”).
The periodicity and the TTI of the NR-SPBCH does not have to be the same. It is beneficial that UEs in good channel conditions can decode the NR-PBCH from one instance while in order to keep the overhead from the NR-SPBCH, coverage limited UEs can combine multiple instances in order to decoded the NR-SPBCH. This can be handled by spreading different redundancy versions of the NR-SPBCH across the NR-SPBCH TTI.
An example is shown in Figure 1. Every 80 ms the UE can expect to receive at least one SS Block and at least one redundancy version of NR-SPBCH while the TTI of the NR-SPBCH is 320 ms. The decision on the TTI for the NR-SPBCH can be left for RAN2.

[image: ]
[bookmark: _Ref470015998]Figure 1: The UE may assume that it will receive at least one SS Block and one NR-SPBCH redundancy version every 80 ms with a 320 ms TTI for the NR-SPBCH.

Beamforming
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 2. The benefits of SFN transmission of system information were shown in [3].
[image: ]
[bookmark: _Ref470016773]Figure 2: 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.
Based on the above, we propose:
[bookmark: _Toc470174584][bookmark: _Toc470174680][bookmark: _Toc470941439][bookmark: _Toc470941820][bookmark: _Toc471404974][bookmark: _Toc471473153][bookmark: _Toc471514690]NR should support at least three different delivery mechanisms for NR-SPBCH
i. Omnidirectional or wide beam (e.g. sector) transmission
ii. Sweeping of narrow beams
iii. Single frequency network (SFN) transmission involving multiple cells or multiple transmission points serving the same cell.

Channel format
As previously mentioned, the NR-SPBCH must handle a dynamic payload which means that it should be possible to signal the resource allocation and MCS. Based on the experience from LTE, even though the size of the system information can vary from deployment to deployment, for a given deployment the system information is more or less static and the resources for NR-SPBCH transmission can statically fixed where it is the type of system information, SIBX, in each instance that causes variation in the payload. Hence, from a scheduling perspective, there is no need for a PDCCH-like channel to schedule the NR-SPBCH, but the scheduling assignment for the remaining system information, “SIB1” can be included in the NR-PBCH and for any additional system information the scheduling assignment(s) can be included in “SIB1”. 
Still, the NR-SPBCH can reuse the structure of the PDSCH including DMRS and it should be further discussed if a new channel is defined or not.
If the number of supported combinations of resource allocations and MCS for the NR-SPBCH becomes large, a PDCCH like channel could be considered to reduce the number of bits that needs to be added to the NR-PBCH. Then the information on where the UE will find the PDCCH used to schedule the NR-SPBCH would be included in the NR-PBCH. More knowledge of the range of system information that needs to be supported is needed before making a decision on the scheduling of the NR-SPDCH.
More information is needed from RAN2 on the range of system information bits before deciding on how to schedule the NR-SPBCH.
Conclusion
In this contribution we made the following observations:
1. On-demand delivery of the remaining minimum system information will significantly increase the size of the MIB. 
1. More information is needed from RAN2 before deciding on how to schedule the NR-SPBCH.
Based on the discussion, we propose the following:
1. The remaining minimum system information is broadcast on a separate broadcast channel. 
The NR-SPBCH design should support variable payload size 
NR should support at least three different delivery mechanisms for NR-SPBCH
i. Omnidirectional or wide beam (e.g. sector) transmission
ii. Sweeping of narrow beams
iii. Single frequency network (SFN) transmission involving multiple cells or multiple transmission points serving the same cell.
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