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1 Introduction
This contribution discusses NR system information delivery including; 1) Subcarrier spacing (SCS) options for remaining minimum system information (RMSI), 2) Configuration information for the RMSI, 3) Other system information (SI) transmission.
2 SCS options for the RMSI
Two options were identified for SCS for the RMSI at RAN1#88bis:
	RAN1#88bis 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


As indicated above and also captured in RAN2 LS in [1], idle mode and inactive mode procedures (at least minimum system information broadcast and paging) use the default numerology per carrier frequency. Further, we do not see the necessity to differentiate the SCS between control and data channel for RMSI:
	RAN2 LS in [1]:
· Mixed numerologies on a single carrier are only supported in connected mode. Idle mode and Inactive mode procedures (at least minimum system information broadcast and paging) use the default numerology per carrier frequency. 
· FFS Whether initial access (i.e. random access in idle mode) is always on the default numerology or can use other numerologies.


Proposal 1:
· The same SCS applied in PBCH transmission is used for the transmission of the remaining minimum system information (i.e., Option 2).
· The SCS for RMSI refers to the SCS for both NR-PDCCH and NR-PDSCH for RMSI.
3 Configuration information for the RMSI
In RAN1#88bis, the scheduling option for RMSI was agreed as following:
	RAN1#88bis 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


As agreed in RAN1#88b, NR-PDSCH carrying RMSI is scheduled using NR-PDCCH and the scheduling info of the corresponding NR-PDCCH is carried in NR-PBCH. Since RMSI should be broadcasted, DCI for RMSI scheduling should be delivered in CSS so that all the UEs in the cell can decode the DCI. In MIB, therefore, the configuration of CORESET for CSS will be included. 
As proposed in our companion paper [2], beam-sweeping based multi-beam transmission needs to be supported for CORESET for CSS, similar to SS block transmission. There are a few approaches for configuring CORESETs for the common search space for the multi-beam case. In a first approach, a single CORESET comprising multiple OFDM symbols is configured, and UE is configured to blindly search its PDCCH in the CORESET (see Figure 1-(a)). In case the specification does not provide any further information than the CORESET, UE needs to make an effort to find a beam pair link that allows for a PDCCH decoding. The UE complexity involved with this can be comparable to that of the SS block detection, which is not desirable. A better way is for the specification to allow for UE to use beam pair link information obtained from the SS block detection (see Figure 1-(b)). For this purpose, UE may assume that PDCCH in an OFDM symbol in the CORESET is QCL’ed with an SS block in the spatial parameters, so that the UE can use an Rx beam set having been used for an SS block detection for the PDCCH reception in the corresponding OFDM symbol in the CORESET. In a second approach, multiple CORESETs that respectively correspond to the actually transmitted SS blocks are configured, and UE is allowed to assume that PDCCH in a CORESET is QCL’ed with an SS block in the spatial parameters. The SS block may also be QCL reference for other large scale parameters (e.g., Doppler, delay). Both approaches can be used for the multi-beam cases, but the second approach is preferred owing to its flexibility.
Proposal 2: RMSI configuration in MIB should be able to configure multiple CORESETs respectively corresponding to the actually transmitted SS blocks. 
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Figure 1. Examples of CORESET for CSS for the multi-beam based system: (a) Approach 1; (b) Approach 2.

Based on the discussion above, the following parameters can be considered in MIB in order to configure CORESET for CSS:
· Time/Frequency location of CORESETs for CSS
· Starting point of CORESETs for CSS: This parameter can be configured to reduce UE’s searching complexity of CORESET. Along with QCL info, this parameter can clarify UE to use beam pair link information obtained from the SS block detection in PDCCH detection. This parameter can be pre-derived by specification similar to the SIB1 transmission of LTE.
· # of OFDM symbols in a CORESET for CSS
· Frequency location: In NR, it is not decided where the system BW info is included. If the system BW is not conveyed in MIB, CORESETs for CSS only can be located within a minimum carrier BW. 
· [bookmark: _GoBack]Periodicity of CORESETs for CSS
Following parameters can be considered for RMSI scheduling:
· Time/Frequency location of RMSI
· BW (e.g., # of PRBs) and # of OFDM symbols for RMSI
· Frequency location: In NR, it is not decided where the system BW info is included. If the system BW is not conveyed in MIB and DCI, RMSI only can be located within a minimum carrier BW. 
· Periodicity (TTI) of RMSI
· # of RMSI repetition in a RMSI TTI
· This parameter can be configured for the robust RMSI transmission. This parameter can be pre-derived by specification similar to the SIB1 transmission of LTE.
4 Other SI transmission
As per RAN2 decision, system information is divided into minimum SI and other SI. The other SI encompasses everything not broadcast in the minimum SI. RAN2 further agreed that the other SI may either be broadcast, or provisioned in a dedicated manner, either triggered by the network or upon request from the UE (illustrated in Figure 1). 


Figure 1: High level concept of on-demand SI provisioning (excerpted from TR38.804)
As for broadcast delivery of other SI, the following was agreed in RAN1#88bis:
	RAN1#88bis 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.


For the scheduling option of broadcast delivery of other SI, the same scheduling option as RMSI scheduling (scheduling by NR-PDCCH, i.e., option 1) simplifies the overall NR system information delivery.
The maximum SIB sizes in LTE are; 1739/2216 bits (DCI format 1C/1A), 936 bits (for BL UEs and UEs in CE), and 680 bits (for NB-IoT). Though these values can be considered as a rough estimation of NR system information, further RAN2 input would be required, e.g., how to partition the contents/size of minimum SI and other SI, etc.
Proposal 3: For broadcast delivery of other SI, NR-PDCCH is used to schedule other SI (i.e., option 1)
For on demand request of other SI, as per RAN2#97bis decision, SI request for idle and inactive mode is indicated using either MSG1 or MSG3 which is under network control. In case that MSG1 is used for SI request, it should be defined the association between the PRACH preamble and/or PRACH resource and each SIB or set of SIBs. Correspondingly, the association information should be included in minimum SI.
Proposal 4: For MSG1 based SI request, the PRACH preamble and/or PRACH resource should be associated with each SIB or set of SIBs. (This is aligned with RAN2 agreement)
5 Conclusions
This contribution has examined design issues related to NR system information delivery in initial access and made the following proposals:
Proposal 1:
· The same SCS applied in PBCH transmission is used for the transmission of the remaining minimum system information (i.e., Option 2).
· The SCS for RMSI refers to the SCS for both NR-PDCCH and NR-PDSCH for RMSI.
Proposal 2: RMSI configuration in MIB should be able to configure multiple CORESETs respectively corresponding to the actually transmitted SS blocks. 
Proposal 3: For broadcast delivery of other SI, NR-PDCCH is used to schedule other SI (i.e., option 1)
Proposal 4: For MSG1 based SI request, the PRACH preamble and/or PRACH resource should be associated with each SIB or set of SIBs. (This is aligned with RAN2 agreement)
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