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Introduction
In RAN1 #88 and #88bis, the following agreements were made regarding the delivery of remaining minimum SI (RMSI), other SI (OSI), and paging [1, 2]:
	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
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.
Agreements:
· Support the paging channel design at least for RRC idle mode as follows:
· Paging message is scheduled by DCI carried by NR-PDCCH and is transmitted in the associated NR-PDSCH



In this contribution, we provide our view on the multi-beam delivery of the broadcast information focusing on the PDCCH design aspects.

Discussion
RMSI delivery
In this section, two alternatives to support beam sweeping of the RMSI and their impact on the PDCCH design are discussed.

(1) Alt. 1: PBCH directly configures a CSS, and PDCCH in the CSS schedules the PDSCH for RMSI.
This option is similar to the LTE approach in terms of that the minimum SI is scheduled by the CSS. A main difference is the CSS resource is not defined in the specification but can be configured by PBCH. Basically, this option allows gNB to choose the PDCCH and PDSCH resources to transmit RMSI as shown in Fig. 1. For example, the RMSI PDSCH can be scheduled opportunistically only when the CSS is available. If there is no other common DCI to be transmitted, RMSI beam sweeping can be finished quickly, e.g., within a few consecutive slots. If there are some other common DCI to be transmitted, gNB can decide the priority between the RMSI DCI and other DCI.



Fig. 1. RMSI beam sweeping based on Alt. 1

Alt. 1 may potentially increase the beam sweeping time for RMSI. However, in our view, a few milliseconds difference in the beam sweeping of the RMSI may not be an issue given that the default SS burst set periodicity is 20ms. Even some UEs will combine multiple SS blocks over multiple periods to succeed the PBCH decoding. Nevertheless, if the beam sweeping latency should be small enough, then a certain time window can be defined where UE expects the RMSI transmission. This may also help reducing the UE blind decoding complexity.
Alt. 1 can minimize the specification impact since there is no need to define a dedicated resource region for RMSI-CORESET and RMSI-PDSCH.
On the other hand, in our companion contribution, the DMRS scrambling ID for the CSS is discussed [3]. If VCID is used to generate the DMRS for the CSS, according to Alt. 1, the VCID should be included in the PBCH contents. Considering that there are 504 VCIDs in LTE, configuring the VCID via PBCH can be a burden.
In addition, Alt. 1 may not be favourable to PDCCH soft-combining over different beams. Similar to the PBCH, multiple PDCCHs for the same RMSI can be combined at the receiver if the DCI contents are the same. However, it seems that fixing all the DCI fields over multiple beam-specific PDCCHs can be guaranteed only when at most one beam is scheduled per slot, which may attenuate the benefit of high scheduling flexibility.
Observation 1: RMSI-PDSCH scheduling based on the CSS can minimize the specification impact, however, it is unfavourable to the VCID-based CSS operation and PDCCH soft-combining.

(2) Alt. 2: PBCH indicates the PDCCH dedicated to RMSI delivery which schedules the PDSCH for RMSI. Then, the CSS is configured by the RMSI.
[bookmark: _GoBack]In this option, many things about the CORESET for the RMSI-PDCCH transmission should be clarified. For example, there may be different thinkings on CORESET location, the number of beams/CORESETs, search space structure, the need of blind decoding (i.e., need of multiple aggregation levels), DCI format, and so on. Where and how to put the PDSCH is another issue.
Regarding the CORESET location, the FDM between the RMSI-CORESET and the SS burst set is difficult when the carrier has the minimum system bandwidth, e.g., 5MHz for 15kHz SS block and 10MHz for 30kHz SS block. Even though it is possible to map the PDCCH on the empty PRBs in the PSS/SSS symbols, there is no additional room to multiplex the corresponding PDSCH. Thus, our preference is that the CORESETs for RMSI are TDM-ed with the SS burst set. The RMSI-PDSCHs can also be TDM-ed with the RMSI-CORESETs as in Fig. 2.
Based on Alt. 2, it is sufficient to deliver the VCID as a part of the RMSI for the CSS DMRS purpose. Therefore, the PBCH payload size can be reduced, which can be converted into better PBCH performance or more reserved bits. In addition, Alt. 2 is relatively favourable to the PDCCH soft-combining since the resource allocation related DCI fields can be deleted or can be easily fixed over different beams if a repetitive structure is applied.
Observation 2: RMSI-PDSCH scheduling based on a PDCCH dedicated to the RMSI is favourable to the VCID-based CSS operation and PDCCH soft-combining, however, it potentially has a large specification impact.



Fig. 2. RMSI delivery based on Alt. 2

Other SI and paging delivery
Both Alt. 1 and Alt. 2 discussed in Section 2.1 are applicable to the other SI and the paging transmissions as well. However, from our perspective, the fast beam sweeping is not motivated in these message types. Also, UE is already configured with the CSS when expecting other SI and paging reception. Therefore, Alt. 1 is sufficient for other SI and paging delivery, and this may significantly reduce the specification effort. Whether or not UE monitors a DCI format or a DCI size dedicated (optimized) to the other SI and paging transmission in the CSS can be discussed.
Proposal 1: The PDSCH for other SI and paging is scheduled by DCI in the CSS.

Conclusion
In this contribution, we discussed the multi-beam delivery of broadcast information, i.e., RMSI, other SI, and paging, via NR-PDCCH and NR-PDSCH. Our observations and proposals are as follows:
Observation 1: RMSI-PDSCH scheduling based on the CSS can minimize the specification impact, however, it is unfavourable to the VCID-based CSS operation and PDCCH soft-combining.
Observation 2: RMSI-PDSCH scheduling based on a PDCCH dedicated to the RMSI is favourable to the VCID-based CSS operation and PDCCH soft-combining, however, it potentially has a large specification impact.
Proposal 1: The PDSCH for other SI and paging is scheduled by DCI in the CSS.
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