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1. Introduction
NR initial access signals and channel related issues were discussed, and NR-PBCH related agreements during previous meetings were made as follows: 
	Agreements:
· Study further NR-PBCH design examples with the following clarification of the agreements 

· Example 1 for Alt. 1-1: NR-PBCH carries a part of minimum system information including information necessary for the UE to receive channel carrying remaining minimum system information

· Example 2 for Alt. 1-1: NR-PBCH carries information necessary for the UE to perform initial UL transmission (not limited to NR-PRACH, e.g. PRACH msg. 1) and possibly information necessary to receive the response to initial UL transmission (e.g., PRACH msg. 2) in addition to information in Example 1
· Example 3 for Alt. 2: NR-PBCH carries all minimum system information 

· Example 4 for Alt. 1-2: NR-PBCH carries information necessary for the UE to perform initial UL transmission (not limited to NR-PRACH, e.g. PRACH msg. 1) and information necessary to receive the response to initial UL transmission (e.g. PRACH msg. 2)
· Information necessary to receive remaining minimum system information is provided after initial UL transmission

· Other examples are not precluded

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



2. Discussion
Based on the agreements on NR-PBCH and minimum system information made in previous meetings in RAN1, we discuss on details how the system information is delivered in this contribution. It is quite natural that PBCH carries a part of the minimum system information. The rest of the minimum system information is transmitted via PDSCH and the PBCH should provide configuration information of the remaining minimum system information in order for UEs to retrieve the system information. 

2.1. Signalling of configuration information for the remaining min. SI
There can be possible ways of providing configuration information of the remaining min. SI, for example PBCH provides the control channel search space or the scheduling assignment for the remaining min. SI. If the PBCH provides the control channel search space, which can be like a common search space (CSS) with beam-specific nature in mmWave, UE has to search its control channel to receive the min. SI. This method may exhaust control channel search space but it provides more flexibility in NR system in terms of resource assignments, MCS or etc. Alternatively, a specific search space may not be needed but the search space can be confined within SS block transmission bandwidth. The other way is that PBCH provides scheduling assignment of the remaining min. SI including resource assignment, the applied MCS and etc. Considering that the contents of the PBCH may not change frequently, the resource for the remaining min. SI should be semi-statically reserved in a system with a fixed MCS. Of course, in order to reduce the signalling overhead within PBCH, part of the configuration information can be specified in the specification and UE can derive the exact configuration information by the combination of the specification and the signalling in PBCH. The information that can be specified in the specification for the min. SI reception includes numerologies, candidate MCS sets, control search space candidate or sub-band candidate. 
Observation 1: If PBCH carries control channel search space for the remaining min. SI, it may exhaust control channel search space but provide system flexibility. 

Observation 2: If PBCH carries scheduling assignment, it may provide system inefficiency but simple. 

Observation 3: Combination of either of options with specifying some information in the specification is necessary for PBCH overhead reduction.

2.2. Contents of the configuration information for the remaining min. SI
The contents that the configuration information on the remaining min. SI in the PBCH can be listed as follows depending on the options of signalling of the configuration information for the remaining min. SI.
Option 1) PBCH provides the control channel search space

· Information to be carried in the PBCH

· This control channel search space can be CSS(Common Search Space) or beam-specific search space

· Numerology information should be provided, for example

· Subcarrier spacing of the control channel

· Possibly the subcarrier spacing for the PDSCH carrying the remaining min. SI, which can be signalled within the control channel(DCI) not in the PBCH instead

· Slot or mini-slot length in time domain that the time interval UE has to blindly detect the control channel(DCI) 

· Timing information that the min. SI can be transmitted 

· Min. SI periodicity

· Timing offset from the detection of the PBCH, or

· Timing window that the min. SI can be transmitted

· Information to be carried in the control channel(DCI)

· Time-frequency resource allocation information 

· MCS(Modulation and Coding Schemes) 

Option 2) PBCH provides the scheduling assignment 

· Time-frequency resource allocation information 

· MCS(Modulation and Coding Schemes)

· Numerology information of the min. SI 

· Subcarrier spacing of the PDSCH carrying the min. SI 

· Slot or mini-slot length in time domain, and/or the number of symbols occupied by the PDSCH carrying the min. SI 
· Timing information that the min. SI can be transmitted 

· Min. SI periodicity

· Timing offset from the detection of the PBCH, or
· Timing window that the min. SI can be transmitted
Since the remaining minimum SI should be provided via PDSCH, the numerology, especially subcarrier spacing should be the same as that for PDSCH. In order to reduce overhead in PBCH, we propose to define default numerologies for PDCCH/PDSCH/PUSCH/PUCCH, which can be provided from the broadcast channel such as PBCH or predefined by the specification per frequency ranges. The subcarrier spacing for the remaining minimum SI should follow the default subcarrier spacing for PDCCH/PDSCH. 

Proposal 1: Define default numerologies for UL/DL data/control.

2.3. Considerations on the UE with the minimum bandwidth
It is natural that PSS/SSS/PBCH are to be confined in the min. system bandwidth. On the other hand, it should be decided that the remaining min. SI should also be confined within the min. system bandwidth. Considering that the remaining min. SI should be transmitted with beam sweeping manner and the amount of the information is much larger than that of the PBCH, it takes longer period that the system finishes beam sweeping of min. SI if it is transmitted with the same bandwidth with SS block. Therefore, min. SI must be transmitted with larger bandwidth than that of SS block and min. SI should be considered in determining of the min. system bandwidth. 

Proposal 2: Consider min. SI transmission in determining of the min. system bandwidth. 

2.4. RACH configuration within the PBCH or remaining min. SI 
It is still open that UL access can be enabled right after upon reception of the PBCH. It depends on the PBCH performance whether PBCH can carry sufficient information on the RACH/RAR configurations. UL access right after PBCH decoding would be beneficial in terms of initial access latency, but the PBCH decoding performance should be evaluated a-priori. For the stability of the NR system, we prefer that the PRACH configuration is included in the remaining min. SI. 
Proposal 3: PRACH configuration is included in the remaining SI. 
3. Conclusion
In this contribution, we discussed how to transmit the remaining min. SI and the details on the contents that need to be included in the PBCH. Followings are our observations and proposals in this document:
Observation 1: If PBCH carries control channel search space for the remaining min. SI, it may exhaust control channel search space but provide system flexibility. 

Observation 2: If PBCH carries scheduling assignment, it may provide system inefficiency but simple. 

Observation 3: Combination of either of options with specifying some information in the specification is necessary for PBCH overhead reduction.

Proposal 1: Define default numerologies for UL/DL data/control.

Proposal 2: Consider min. SI transmission in determining of the min. system bandwidth. 

Proposal 3: PRACH configuration is included in the remaining SI. 
