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Introduction
At RAN1#88bis the following was decided regarding the delivery of the remaining system information: 
	Agreements:
· Down-select one of SCS options for the remaining minimum system information transmission
· Option 1: PBCH signals the SCS of the remaining minimum system information 
· Option 2: The same SCS applied in PBCH transmission is used for the transmission of the remaining minimum system information
· FFS whether the SCS refers to the control and/or data channel for remaining minimum system information
· Note: RAN2 has decided to go with option 2
· Down-select one of SCS options for PRACH msg. 3 transmission 
· Option 1: RACH configuration (possibly within PBCH or the remaining minimum system information) provides the SCS of the PRACH msg. 3
· Option 2: The same SCS applied in PBCH transmission is used for the transmission of the PRACH msg. 3
· Option 3: RAR can indicate the SCS of the PRACH msg. 3 transmission 
· FFS the determination of the SCS for msg  1, 2, and 4

Agreements:
· NR-PDSCH carrying the remaining minimum system information is scheduled using NR-PDCCH.
· NR-PBCH provides configuration information for the NR-PDCCH scheduling the NR-PDSCH carrying the remaining minimum system information
· FFS if a part of configuration information can be derived by specification

Agreements:
· The broadcast delivery of other system information (OSI) is supported by NR-PDSCH transmission. The scheduling information of broadcast NR-PDSCH is considered to be carried by the following option(s):
· Option 1: NR-PDCCH
· Option 2: Remaining minimum system information
· Other options are not precluded
· FFS: Maximum TBS for OSI.




In this contribution, we discuss further the delivery of the remaining system information. 
Discussion
Configuration of the NR-PDSCH carrying the other system information
As shown above, RAN1 agreed that the NR-PDSCH carrying the remaining minimum system information is scheduled using NR-PDCCH while leaving it open how the NR-PDSCH carrying the other system information is scheduled. For the same reasons as given in [1], we propose that also this NR-PDSCH is scheduled with an NR-PDCCH, 
[bookmark: _Toc481880648]The NR-PDSCH carrying the other system information is scheduled using the NR-PDCCH
The NR-PDCCH scheduling the OSI also needs configuration. It is unlikely that this NR-PDCCH needs a significant different configuration than the NR-PDCCH scheduling the remaining minimum system information. For example, the search space configuration used can be the same, but since the OSI can also be on demand, the transmission the delivery mechanism as discussed in section 2.4 might be different. 
[bookmark: _Toc481880649]Any additional configuration of the NR-PDCCH scheduling the NR-PDSCH carrying the other system information is included in the remaining minimum system information 
Numerology
The numerology to be used for the NR-PDSCH carrying the remaining minimum system information was discussed and for further discussion at RAN1#88bis. We repeat that in order to avoid having to apply special treatment to this NR-PDCCH+NR-PDSCH compared to NR-PDCCH+NR-PDSCH scheduling and carrying user data, it should be possible for the network to use the same numerology for both uses. Hence, we proposed in [1] to signal the numerology for the NR-PDCCH scheduling the NR-PDSCH carrying the remaining minimum system information in the NR-PBCH. However, RAN2 informs RAN1 in an LS that mixed numerologies on a single carrier are only supported in connected mode and that Idle mode and Inactive mode procedures (at least minimum system information broadcast and paging) use the default numerology per carrier frequency. This would not allow to change the numerology for the NR-PDSCH scheduling system information from the numerology used in the SS Block. Due to the drawback this has, we suggest RAN1 discusses this issue and reports to RAN2 if a change is needed.
[bookmark: _Toc481880650]RAN1 will discuss if the numerology for the NR-PDCCH scheduling the NR-PDSCH should always be the same as for the SS Block or the network should have the possibility of changing the numerology used using signalling in the NR-PBCH. 
[bookmark: _Ref477973545]Periodicity and TTI
The periodicity and the TTI of the NR-PDSCH carrying the remaining minimum system information 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-PDSCH carrying the remaining minimum system information low, coverage limited UEs can combine multiple instances before decoding the NR-PDSCH carrying the remaining minimum system information. This can be handled by transmitting different redundancy versions at each instances of the NR-PDSCH within the associated 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-PDSCH while the TTI of the remaining minimum system information is 320 ms. The decision on the TTI for the remaining minimum system information is left to RAN2.

[image: ]
[bookmark: _Ref470015998]Figure 1: The UE may assume that it will receive at least one SS Block and one redundancy version of the NR-PDSCH carrying the remaining minimum system information every 80 ms with the actual TTI of the transport channel on the NR-PDSCH being 320 ms.
[bookmark: _Toc481880651]NR-PDSCH carrying the remaining minimum system information is transmitted with a certain periodicity (e.g. 80 ms) with different redundancy versions if multiple transmissions within the TTI. The TTI for the remaining minimum system information is up to RAN2.

[bookmark: _Ref481705326]SI delivery mechanisms
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 [4].
[image: ]
[bookmark: _Ref470016773]Figure 2: Example depicting that the beamforming and transmission format of the SS Block and the remaining minimum system information may be different and that the UE cannot always use the PCI to derive the information required to read the remaining minimum system information.
Based on the above, we propose:
[bookmark: _Toc477973098][bookmark: _Toc477973284][bookmark: _Toc470174584][bookmark: _Toc470174680][bookmark: _Toc470941439][bookmark: _Toc470941820][bookmark: _Toc471404974][bookmark: _Toc471473153][bookmark: _Toc471514690][bookmark: _Toc481880652]NR should support at least three different delivery mechanisms for the NR-PDSCH carrying the remaining minimum system information (1) omnidirectional or wide beam (e.g. sector) transmission, (2) sweeping of narrow beams, and (3) SFN transmission involving multiple cells or multiple TRPs serving the same cell.
In order to support the three delivery mechanisms above, it is important that the channel parameters of the NR-PDSCH carrying the remaining minimum system information and its associated PDCCH can be configured. Since the only channel the UE has access to prior to this cannel is the NR-PBCH, the configuration needs to be included in the NR-PBCH. This configuration should not only include the frequency resources used for the NR-PDSCH, but also the DMRS and scrambling configurations. Typically, the DMRS and scrambling sequences for physical channels are derived from the PCI, but in case the system information is transmitted SFN it needs to be possible to decouple DMRS and scrambling sequences from the PCI using the same DRMS and scrambling in an area covering many cells. 
Additionally, neighbouring cells will often have the same configuration and hence the broadcast systems information is the same, but it is not necessarily transmitted in an SFN manner. Knowing that the system information in the new cell is the same as the system information in the old cell, would save the UE from having to read the system information after cell reselection saving power and reducing delay. 
[bookmark: _Toc481880654]System information in cells in an area is often the same and the UE can benefit from knowing this to save power and reduce delay. 
Based on this, it is proposed to introduce an area index that is provided in the NR-PBCH that informs the UE if the system information is the same in all cells with the same area index and if the PCI or the area index should be used to derive the DMRS and scrambling sequence. 
[bookmark: _Toc477338512][bookmark: _Toc481880653]An area index included in the NR-PBCH informs the UE of the system information being the same in the new cell as in previously detected cells and whether the PCI or the area index should be used to derive the DMRS and scrambling sequence. 
Conclusion
In this contribution we made the following observations:
Observation 1	System information in cells in an area is often the same and the UE can benefit from knowing this to save power and reduce delay.

[bookmark: _Toc477973096]Based on the discussion, we propose the following:
Proposal 1	The NR-PDSCH carrying the other system information is scheduled using the NR-PDCCH
Proposal 2	Any additional configuration of the NR-PDCCH scheduling the NR-PDSCH carrying the other system information is included in the remaining minimum system information
Proposal 3	RAN1 will discuss if the numerology for the NR-PDCCH scheduling the NR-PDSCH should always be the same as for the SS Block or the network should have the possibility of changing the numerology used using signalling in the NR-PBCH.
Proposal 4	NR-PDSCH carrying the remaining minimum system information is transmitted with a certain periodicity (e.g. 80 ms) with different redundancy versions if multiple transmissions within the TTI. The TTI for the remaining minimum system information is up to RAN2.
Proposal 5	NR should support at least three different delivery mechanisms for the NR-PDSCH carrying the remaining minimum system information (1) omnidirectional or wide beam (e.g. sector) transmission, (2) sweeping of narrow beams, and (3) SFN transmission involving multiple cells or multiple TRPs serving the same cell.
Proposal 6	An area index included in the NR-PBCH informs the UE of the system information being the same in the new cell as in previously detected cells and whether the PCI or the area index should be used to derive the DMRS and scrambling sequence.

[bookmark: _In-sequence_SDU_delivery]References
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