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Introduction
At RAN1#89 the following was decided regarding the delivery of the remaining system information (RMSI):
	Agreements:
· For RMSI, the same subcarrier spacing is used for data and control channels
· For paging, the same subcarrier spacing is used for data and control channels
· RAN1 will strive to minimize the subcarrier spacing switching point during the initial access and idle mode
· FFS: Whether the subcarrier spacing of data and control channel is the same between RMSI and paging



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 minimum system information. 
Discussion
As shown above, RAN1 agreed that the NR-PDSCH carrying the remaining minimum system information is scheduled using NR-PDCCH. In this section, we discuss some of the configurability required for the delivery of the RMSI in 5G-NR.
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: _Toc484422503][bookmark: _Toc484423417][bookmark: _Toc490218685]The numerology for the NR-PDCCH and NR-PDSCH providing the RMSI should be configurable using signaling 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 for RAN2 to decide.

[image: ]
[bookmark: _Ref470015998]Figure 1: The UE may assume that it will receive at least one SS Block and at least 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: _Toc484422504][bookmark: _Toc484423419][bookmark: _Toc490218686]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]RMSI delivery mechanisms
Wide-beam RMSI transmission
Transmitting the RMSI in a wide beam, such as a sector covering 120-degree beam or an omni beam, is beneficial from a network energy consumption point of view. This requires the minimum amount of spatial repetitions which will enable a maximum amount of discontinuous transmission (DTX) in the network hardware components. 
Having the option of transmitting the RMSI in a single wide beam (possibly with time repetition and power boosting) is also a beneficial in case the system bandwidth is not sufficient for frequency multiplexing of the SSB and the RMSI.
In this deployment option the SS Blocks may still be transmitted in more narrow beams. The number of beams used for SS Block transmissions may be larger than the number of RMSI beams, e.g. to enable beamforming of PRACH transmission and reception. 
Since the SS Block can also be used for active mode mobility (AMM) measurements we may want to transmit the SS Block in more narrow beams than the RMSI to include some of the potential beamforming gains in the AMM measurements.
In deployments where SS Block beam-forming is not required to achieve sufficient PRACH performance (primarily on lower frequency bands) the SS Block may be transmitted in the same wide beam as the RMSI. 
RMSI beam-sweeping: joint versus separate sweeps
The RMSI can also be beam-swept and transmitted in the same beams as the SS Blocks. When analog beamforming is used the bandwidth not occupied by the SS Blocks will be wasted. When the analog beamformer in the transmitter is pointing in a certain direction it is anyway not possible to send data to a UE in any other beam.
In that case, and when there is sufficient system bandwidth to frequency multiplex the SS Block with the RMSI, it should be possible to transmit the RMSI in the same narrow beams as the SS Block. Both the SS Block and the RMSI should then be possible to transmit in one single beam sweep.
When there is not enough bandwidth for frequency multiplexing the SS Block and the RMSI in one sweep it should be possible to send the RMSI in a separate sweep, possibly using fewer beams and wider beams.
RMSI delivery discussion
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 NR-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. This is further discussed in [1]. 
[bookmark: _Toc484422505][bookmark: _Toc484423420][bookmark: _Toc490218687]NR should support at least two different delivery mechanisms for the NR-PDCCH / NR-PDSCH carrying the RMSI: (1) Non-spatially QCL with SS Block (e.g. for omnidirectional or wide beam transmission), and (2) Spatially QCL with SS Block (e.g. for analogue beam sweeping of narrow beams).
Conclusion
[bookmark: _In-sequence_SDU_delivery]Based on the discussion in this contribution we propose the following:
[bookmark: _GoBack]Proposal 1	The numerology for the NR-PDCCH and NR-PDSCH providing the RMSI should be configurable using signaling in the NR-PBCH.
Proposal 2	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 3	NR should support at least two different delivery mechanisms for the NR-PDCCH / NR-PDSCH carrying the RMSI: (1) Non-spatially QCL with SS Block (e.g. for omnidirectional or wide beam transmission), and (2) Spatially QCL with SS Block (e.g. for analogue beam sweeping of narrow beams).
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