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Introduction
It was agreed in the RAN1 meeting #85 [2] that both multi-beam based and single-beam based approaches should be studied for broadcast channel and system information transmission. In the RAN1 meeting NR Ad-Hoc [4], it was agreed to further study NR-PBCH design such as an NR-PBCH which carries information necessary for the UE to perform initial UL transmission. 
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 further agreed in the RAN1 meeting #90 for the following [5]:
Agreements:
· PDSCH carrying the broadcast other system information is scheduled by the PDCCH

It was further agreed in the RAN1 meeting NR AH#3 for the following [5]:
Agreement: 
The numerology for on-demand OSI via broadcast delivery is assumed by the UE to be the same with the numerology for RMSI
Agreements:
· For broadcast OSI COREST, to down-select one from the following alterantives
· Alt.1: the instances for broadcast OSI CORESET are the same as or a subset of instances derived from the CORESET signalled in PBCH for RMSI
· FFS whether it’s the same or a subset of
· Alt.2: the CORESET configuration is signalled in RMSI
· Alt 3: a combination of Alt 1 and Alt 2
· FFS whether or not to share, at least partially, broadcast OSI CORESET and paging CORESET

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 issues related to delivery of other system information (OSI).

CORESET for Other System Information Delivery 

Regarding the numerology and CORESET for RMSI and OSI, The numerology for on-demand OSI via broadcast delivery can be assumed by the UE to be the same with the numerology for RMSI. For broadcast OSI CORESET, one from the following alterantives should be down-selected:

· Alt.1: the instances for broadcast OSI CORESET are the same as or a subset of instances derived from the CORESET signalled in PBCH for RMSI. FFS whether it’s the same or a subset of RMSI CORESET.
· Alt.2: the CORESET configuration is signalled in RMSI
· Alt 3: a combination of Alt 1 and Alt 2

Furthermore, whether or not to share, at least partially, broadcast OSI CORESET and paging CORESET is for further study.
For broadcast OSI CORESET, there are several design options. For example, the OSI CORSET can be the same CORESET as RMSI. In this case the OSI CORESET can be a full set or only a subset of the CORESET for RMSI. If it is only a subset of the CORESET for RMSI, then which subset of the CORESET of RMSI should be predetermined or indicated. Furthermore, the entire CORSET of OSI can also be indicated and such indication can be in RMSI.
The trade-off between the same CORESET, subset or indication is overhead, flexibility and performance. However without hard evidence that performance is an issue, we prefer that the OSI CORSET can be the same CORESET as RMSI for simplisity.
Regarding the numerology and CORESET for OSI and paging, for on-demand OSI, the numerology for on-demand OSI via broadcast delivery is assumed by the UE to be the same with the numerology for RMSI. This has been agreed. SCS of paging can also be the same as SCS of RMSI indicated by NR-PBCH to reduce numerology switching points. Whether or not to share the same CORESET between broadcast OSI CORESET and paging CORESET needs to be determined. Again the trade-off between the same CORSET and indication is overhead, flexibility and performance. Without hard evidence that performance is an issue, we prefer that the broadcast OSI CORESET and paging CORESET is shared.

Proposal 1: For broadcast OSI CORESET, down-selection can be made between Alt. 1: the instances for broadcast OSI CORESET are the same as or a subset of instances derived from the CORESET signalled in PBCH for RMSI and Alt.2: the CORESET configuration is signalled in RMSI.
Proposal 2: NR can share, at least partially, broadcast OSI CORESET and paging CORESET.

[bookmark: _Ref465895131]Other System Information Delivery 
The broadcast delivery of other system information (OSI) can be supported by NR-PDSCH transmission. The scheduling information of broadcast NR-PDSCH may be carried by the NR-PDCCH, which is similar to LTE. The scheduling information of broadcast NR-PDSCH may also be carried by RMSI. Other options may also be considered. Broadcast OSI can be delivered either via non-on-demand basis for all UEs, or via on-demand basis for RRC_IDLE and RRC_INACTIVE UEs. Dedicated OSI can be delivered via on-demand basis for RRC_CONNECTED UEs.
A UE may use PRACH to request for OSI upon successful synchronization and reception of RMSI. The PRACH may be the request for OSI while a NR-PBCH may provide configuration or scheduling information necessary for the UE to receive the RMSI. RMSI may provide configuration information for RACH including numerology information e.g., subcarrier spacing. For efficient operation OSI may be associated with RMSI or SS block in a beam-based system.
In a beam-based system, the DL transmission of system information such as shared downlink channel may be based on all, or a subset, of the beams in a beam sweep. PRACH may provide information to the TRP to enable advanced beam-based schemes. Both message 1-based and message 3-based approaches for PRACH may be used. Periodic broadcasting, aperiodic or on-demand system information delivery for OSI may be used.
System information (SI) may be delivered in either periodic manner or on-demand manner. Furthermore, system information may be delivered using both periodic and on-demand methods. Periodic and on-demand system information delivery may co-exist in a system. For example, some system information may be periodic and other system information may be on-demand. In order to achieve more efficient system information delivery using on-demand, some indication say SI delivery indicator (SIDI) may be used to indicate the status of system information transmission. When UE request a particular SI(s), indicator to that SI(s) may be set to “one” or turned on. UE may check SIDI first before request SI. This may allow SI to be shared between different UEs. SIDI may be carried in broadcast signal or broadcast channel, e.g., in minimum system information (MSI), remaining minimum system information (RMSI), or NR-PBCH.
In order for SI or OSI to be shared by UEs in on-demand operation, an indicator (e.g., bitmap indicator) may be used to implement SIDI to indicate SI or OSI transmission status. A bit indicator Qn may be used to indicate SI#n is being transmitted or not. If SI#n is being transmitted, Qn is set to “1” (i.e., “ON”), otherwise Qn is set to “0” (i.e., “OFF”). Such indicator may be carried in broadcast signal or broadcast channel e.g., RMSI as mentioned previously. UE may read RMSI first before making the request for OSI. If UE wants to request SI#x, UE may check the status of Qx. If Qx is set to “1”, UE may not send the SI request for SI#x, instead UE may read SI#x in next transmission of SI#x. If Qx is set to “0”, UE may send the request for SI#x. 
UE may send request via either PRACH preamble, RACH message 1 or RACH message 3. If association between PRACH preamble and/or RACH resource and SI is configured or indicated, UE may send request via  PRACH preamble or RACH message 1. Otherwise if association between PRACH preamble and/or RACH resource and SI is not configured or indicated, UE may send request via RACH message 3.
A request for all SIBs delivery may be included in UE SI request. For example, a specific PRACH preamble or RACH message 1 may be reserved for this purpose (i.e., request all SIBs delivery simultaneously).
Proposal 3: A bitmap indication for system information delivery can be used and carried in RMSI for efficient OSI delivery. 

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 issues related to delivery of OSI. We have the following proposals:
Proposal 1: For broadcast OSI CORESET, down-selection can be made between Alt. 1: the instances for broadcast OSI CORESET are the same as or a subset of instances derived from the CORESET signalled in PBCH for RMSI and Alt.2: the CORESET configuration is signalled in RMSI.
Proposal 2: NR can share, at least partially, broadcast OSI CORESET and paging CORESET.
Proposal 3: A bitmap indication for system information delivery can be used and carried in RMSI for efficient OSI delivery. 
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