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Introduction
It was agreed in the RAN1 meeting #85 [1] that both multi-beam based and single-beam based approaches should be studied for broadcast channel and system information transmission. In addition, in the RAN1 meeting NR Ad-Hoc [2] the following were agreed: 
Agreement:
· NR-PBCH contents shall include:
· At least part of the SFN (system frame number)
· FFS on the number of bits used to indicate SFN
· FFS how much of the SFN is indicated explicitly, and how much (if any) is indicated implicitly
· CRC (FFS number of bits)
· FFS:
· In case remaining minimum system information is carried on PDSCH, configuration for PDSCH or control resource set for scheduling PDSCH
· In case remaining minimum system information is carried on secondary physical broadcast channel, configuration of secondary physical broadcast channel 
· Configuration information for initial uplink transmission; in this case, it may not be necessary to include configuration information for remaining minimum system information
· Other parameters

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 and possibly information necessary to receive the response to initial UL transmission. 

Furthermore in the RAN1 meeting #88 [3] the following were agreed:
Agreements:
· For the minimum system information delivery, 
· Part of minimum system information is transmitted in NR-PBCH
· The remaining minimum system information is transmitted in shared downlink channel via NR-PDSCH
· FFS how the configuration information for the remaining minimum system information is provided, e.g.	
· NR-PBCH provides the control channel search space 
· NR-PBCH provides the scheduling assignment
· Part of the control channel search space/scheduling assignment could be derived by the specification
· FFS numerology for NR-PDSCH for the remaining minimum system information

In this contribution, we considered and discussed some design principles for NR-PBCH and system information delivery for initial access for a beam-based approach in NR.
[bookmark: _Ref465895131]NR-PBCH for System Information Delivery 
The NR-PBCH channel may be used to configure the system information transmission or initial uplink transmission.
Remaining System Information Transmission
NR-PBCH should be a non-scheduled broadcast channel carrying at least a part of the minimum system information in a fixed payload size. NR-PBCH should be transmitted periodically, similar to the PBCH in LTE. The periodicity of NR-PBCH transmission should be predefined in the specification, and may depend on the carrier frequency range, e.g., low carrier frequency or high carrier frequency. To avoid a large overhead (especially in beam-based systems that may require repetition of the NR-PBCH for each beam) and for improved coverage, the payload size of the NR-PBCH should be minimized while carrying sufficient system information to enable basic initial access. As such, all of the minimum system information should not be carried by the NR-PBCH. 
In order to minimize the payload size of NR-PBCH, the minimum system information may be partitioned into multiple parts, for example, the 1st and 2nd parts of the minimum system information. By balancing the payload size of these two parts, the NR-PBCH performance can be optimized. With this design, there is a need to transmit the 2nd part of minimum system information using different channel. In order to carry 2nd part of the minimum system information, the remaining minimum system information can be transmitted in a shared downlink channel via NR-PDSCH. Such a shared downlink channel may be scheduled, or non-scheduled. This may be similar to the PDSCH in LTE for transmission of the 2nd part of the minimum system information. 
Transmission of 2nd part of minimum system information can be indicated by the NR-PBCH for increased flexibility or pre-determined to reduce scheduling complexity. 
Proposal 1: The remaining minimum system information is transmitted in shared downlink channel via NR-PDSCH. Such shared downlink channel may be scheduled or non-scheduled.

NR-PBCH to Configure System Information or Initial Uplink Transmission 
A UE may use an initial UL transmission to actively request for a beam(s) upon successful synchronization and reception of the 1st part of the minimum system information. The initial UL transmission may be the request for beam(s) while a PBCH may provide scheduling information necessary for the UE to receive the channel carrying the 2nd part of the minimum system information (e.g. scheduling information). For example, the initial UL transmission may be used to request an activation or deactivation of the beam(s) for system information transmission. The initial uplink transmission can be transmitted by (but not limited to) the NR-PRACH, e.g. NR-PRACH message 1. 
The NR-PBCH may carry information necessary for the UE to perform an initial UL transmission, and subsequently to receive a shared downlink channel. The NR-PBCH contents may include configuration information for the initial UL transmission, and configuration information for the remaining minimum system information. Such configuration information may include frequency and/or time resources for the remaining minimum system information and initial UL transmission. For example, configuration information for the remaining minimum system information may include control channel search space, or scheduling assignment, for the remaining minimum system information. NR-PBCH contents may include configuration information for an initial UL transmission and remaining minimum system information transmission.  
Proposal 2: NR-PBCH may carry configuration information for the remaining minimum system information transmission such as control channel search space or scheduling assignment. NR-PBCH may also carry information necessary for the UE to perform initial UL transmission. 

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. An initial UL transmission may provide information to the TRP to enable advanced beam-based schemes. 
A selective beam sweeping scheme, using a subset of beams, for transmission of system information was evaluated in [4] and a performance gain due to the use of selective beam sweep was shown. This scheme is depicted in Figure 1. 
The selective beam sweep may be enabled in stage 2 where each TRP may only transmit from wide beams (where L beams are a subset of the Mw wide beams at the TRP). This operation may reduce interference, especially for non-uniform UE distributions. The TRP-based hierarchical beam sweep may be enabled to reduce overhead, and processing power, by using a smaller number of wider beams, and narrow beams may be selected in stage 2. Finally, the UE-based hierarchical beam sweep may be enabled to substantially reduce the latency since only sync bursts are used to complete a sweep. In stage 2 only the narrow beams contained within the detected wide beam may be used, providing additional savings on processing power.    



[bookmark: _Ref471474333]Figure 1. Hierarchical based Selective Beam Sweeping

An initial UL transmission may be used to provide information to gNB or TRP to enable a selective beam sweep or hierarchical beam sweep procedure. For example, a UE beam-location profile, or information for the desired beam, may be provided to gNB or TRP during initial UL transmission. 
Proposal 3: DL transmission of system information may be based on all or a subset of the beams in a beam sweep. NR should study initial UL transmission that enables advanced beam-based schemes for broadcast and system information delivery.

NR-PBCH Contents
NR-PBCH may have relatively small payload size to carry part of the minimum system information. The contents of NR-PBCH may include at least part of the system frame number (SFN), configuration for initial uplink transmission or system information transmission and CRC. The number of bits used to indicate SFN may be for further study. The exact number of bits for SFN may depend on the SFN indication method. Some of the SFN may be indicated explicitly and the remainder may be indicated implicitly. The exact number of bits for the CRC may also be for further study.
Proposal 4: NR-PBCH contents may include at least SFN, configuration information for the remaining minimum system information transmission, and CRC.

Other Considerations
A beam sweep procedure as described previously may be performed individually for the NR-SYNC and NR-PBCH channels. To facilitate the reception of the NR-PBCH, the NR-PBCH Tx beam ID may be derived from the association of the NR-SYNC beam with the NR-PBCH beam. Using this approach, the reception of the PBCH signal may be accelerated due to the reduced overhead for identifying the PBCH beam location. Association for NR-SYNC and NR-PBCH may be considered to reduce the beam sweep latency and overhead in NR.
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Conclusions
In this contribution, we considered and discussed some design principles for NR-PBCH and system information delivery for initial access for a beam-based approach in NR. We have the following proposals:
Proposal 1: The remaining minimum system information is transmitted in shared downlink channel via NR-PDSCH. Such shared downlink channel may be scheduled or non-scheduled.
Proposal 2: NR-PBCH may carry configuration information for the remaining minimum system information transmission such as control channel search space or scheduling assignment. NR-PBCH may also carry information necessary for the UE to perform initial UL transmission. 
Proposal 3: DL transmission of system information may be based on all or a subset of the beams in a beam sweep. NR should study initial UL transmission that enables advanced beam-based schemes for broadcast and system information delivery.
Proposal 4: NR-PBCH contents may include at least SFN, configuration information for the remaining minimum system information transmission, and CRC.
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