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Introduction
In the RAN1 meeting #88bis [3] the following were agreed:
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

In addition, it was agreed in the RAN1 meeting #89 for the following [1]:
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

It was agreed in the RAN1 meeting #90 [5] for the following:
Agreements:
· For initial access, either long sequence based preamble or short sequence based preamble is configured in a RACH configuration
Agreements:
· For contention-based NR 4-step RA procedure
· SCS for Msg 1 
· configured in the RACH configuration
· SCS for Msg 2
· the same as the numerology of RMSI
· SCS for Msg 3
· configured in the RACH configuration separately from SCS for Msg1
· SCS for Msg 4
· the same as in Msg.2
· For contention-free RA procedure for handover, the SCS for Msg1 and the SCS for Msg2 are provided in the handover command

It was further agreed in the RAN1 meeting NR AH#3 [5] for the following:
Agreements:
· NR supports both slot based PDCCH and PDSCH, and non-slot based PDSCH transmissions for RMSI/broadcast OSI delivery
· For the non-slot based transmission, 2, 4 and 7 OFDM-symbol duration for the RMSI/broadcast OSI PDSCH is supported
· FFS the handling of PDCCH for non-slot based transmissions

In this contribution, we considered and discussed design principles for system information delivery for initial access for a beam-based approach in NR. We discussed the remaining issues related to delivery of the remaining minimum system information (RMSI).

Multiplexing for RMSI and SS Block 

The RMSI designs should include the RMSI CORESET and its related issues as well as the interaction of RMSI with SS/PBCH blocks. One of the interactions of RMSI with SS/PBCH block is how to design multiplexing scheme for RMSI CORESET and SS/PBCH block. TDM has been agreed to be adopted as a multiplexing scheme between RMSI CORESET and SS/PBCH block. However the latency issue for TDM for RMSI CORESET and NR-PDSCH design due to beam sweeping can be large especially in higher frequency where up to 64 SS blocks are possible. 
In order to reduce beam sweeping latency and signal overhead, FDM can be considered. FDM between SS/PBCH block and CORESET/NR-PDSCH for RMSI can be related to the UE bandwidth and should depend on the bandwidth restriction of the UE. Since CORESET may not occupy as large bandwidth as NR-PDSCH for RMSI, it is possible to multiplex RMSI CORESET and SS/PBCH block using FDM. Regarding RMSI NR-PDSCH, since the bandwidth of NR-PDSCH may be larger, FDM of RMSI NR-PDSCH and SS/PBCH block can be further studied.
Regarding RMSI and broadcast OSI delivery, for the non-slot based transmission, 2, 4 and 7 OFDM-symbol duration for the RMSI and broadcast OSI NR-PDSCH should be supported. The handling of NR-PDCCH for non-slot based transmissions can be for further study.
Proposal 1: At least FDM between SS/PBCH block and CORESET/NR-PDSCH for RMSI is supported if bandwidth is allowed.

[bookmark: _Ref465895131]Numerology and Subcarrier Spacing 
Some of the remaining issues for remaining minimum system information delivery are the following:
· FFS if a part of configuration information can be derived by specification. 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

It has been agreed that the subcarrier spacings (SCSs) of RMSI can be indicated in NR-PBCH, and the SCSs of RACH messages 2 and 4 can be the same as SCS of RMSI. Therefore, there is no additional signalling to indicate SCSs of RACH messages 2 and 4. There is no additional numerology switching point required for UE to receive RMSI, RACH messages 2 and 4. The SCSs of RACH messages 1 and 3 can be configured separately in RACH configuration via RMSI. In order to reduce SCS switching points, it was also agreed to keep the SCSs of control and data channels for RMSI the same, and the SCSs of control and data channels for paging channel can also be kept the same. In order to minimize switching points of numerology during initial access and idle mode, it may be considered to have the SCS of paging the same as the SCS of RMSI unless the use cases for different SCSs of RMSI and paging are identified. 
In case of different numerologies between RMSI and Paging, subcarrier spacing of data and control channel for Paging may be indicated via RMSI. The same SCS of Paging as the SCS of NR-PBCH may also be considered.
Proposal 2: SCS of paging is the same as SCS of RMSI indicated by NR-PBCH to reduce numerology switching points. In case of different numerologies between RMSI and Paging, SCS of data and/or control channel for paging is indicated in RMSI.

RMSI Delivery and Association
The configuration of CORESET for RMSI may include frequency location, size, time location and periodicity. CORESET size may include bandwidth information or number of PRBs for CORESET. Time location of CORESET may be predefined and derived from specification similar to LTE and periodicity of CORESET may be the same as RMSI. Number of OFDM symbols for CORESET should also be defined. 
NR-PBCH can carry information for CORESET configuration. RMSI can carry information necessary for the transmission of OSI and PRACH. If system bandwidth is indicated in NR-PBCH, absolute frequency location for CORSET may be indicated. Otherwise relative frequency location for CORESET may be indicated.
For high frequency narrow beam may be used. Beam associated with SS block may be used for transmission of RMSI and corresponding PDCCH. QCL information between SS block and CORESET may be indicated. Which or how many SS blocks associated with CORESET may be used and indicated. For example, each SS block may be associated with a CORESET or multiple SS blocks may be associated with a CORESET.
In order to mitigate interference, different CORESETs may be used. For example, different CORESET per beam associated with SS block may be considered for beam level interference mitigation. In addition, different frequency shift of CORESET per cell may be used for cell level interference mitigation. 
Proposal 3: Beam associated with SS/PBCH block can be used for transmission of RMSI and corresponding NR-PDCCH.

Conclusions
In this contribution, we considered and discussed design principles for system information delivery for initial access for a beam-based approach in NR. We discussed the remaining issues related to delivery of the remaining minimum system information (RMSI). We have the following proposals:
Proposal 1: FDM between SS/PBCH block and CORESET/NR-PDSCH for RMSI is supported if bandwidth is allowed.
Proposal 2: SCS of paging is the same as SCS of RMSI indicated by NR-PBCH to reduce numerology switching points. In case of different numerologies between RMSI and Paging, SCS of data and/or control channel for paging is indicated in RMSI.
Proposal 3: Beam associated with SS/PBCH block can be used for transmission of RMSI and corresponding NR-PDCCH.
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