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1	Introduction
An objective of the 5G study item [1] is to identify and develop technology components needed for new radio (NR) systems being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2].
In this contribution we discuss about how to deliver the remaining minimum system information and other SI.
RAN1#87 some agreements related to NR-PBCH design were made (captured in Appendix A) and further discussion was had in RAN1 NR AH in Spokane where following agreements were reached:
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 NR-PDSCH, configuration for NR-PDSCH or control resource set for scheduling NR-PDSCH
· In case remaining minimum system information is carried on secondary physical broadcast channel, configuation 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

In addition to the aforementioned agreements RAN1 sent an LS to RAN2 regarding the minimum system information [3], and received a response from RAN2 giving further information on the matter [4]. In Section 2 of this document we address UE operation on how to receive system information and consider the options for delivering the Other SI.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]2.	Discussion
In the Figure 1, we present flow chart on UE procedures on how the UE should be receiving system information. The flow chart is not necessary containing all evaluations as it is simplified to highlight main points of the discussion. The process is following:
1. UE detects the cell based on cell search procedure by detecting NR-PSS and NR-SSS and obtains DL synchronization 
2. If the SNR is above threshold for MIB decoding the UE receives NR-PBCH and decodes MIB from SS-Block.
3. The MIB includes extension of Physical Cell ID and validity information for minimum SI. Based on those the UE can assess whether it has valid stored minimum system information (obtained, e.g., from the previously visited cells). If this is the case, the UE can act on this and evaluate the cell validity for camping. Storing of system information may include also more than the minimum.
4. If UE does not have valid minimum system information the UE will attempt of acquiring it. The first step is to figure out how the rest of the minimum system information is being transmitted. We expect that MIB will indicate whether it is broadcasted as part of NR-PDSCH transmission similar to LTE or whether it is transmitted in sweeping manner or whether there is no transmission at all. 
5. UE starts reception of the rest of the minimum SI based on the indication in MIB (via NR-PDSCH or beam sweep). After the UE has valid minimum SI, it will evaluate the cell validity for camping. If the cell does not broadcast the rest of the minimum SI and UE does not have valid stored minimum SI available, the UE considers the cell as barred and should search for other cells.

We see that option for operating with stored system information, extended PCI and validity tag inside MIB can be highly beneficial for the NR system. It enables, at least, UE to initiate fast connection re-establishment in case of sudden drop of the signal quality in previously served cell, as well as cells where no other system information is broadcasted. These cells can be used either based on CA/DuCo and as standalone when UE has obtained minimum system information on other cell or even application layer signalling. Furthermore, these could be utilized for the UEs in RRC_INACTIVE mode where the network could have pre-provisioned the minimum SI for at least some of the cells inside RAN notification area.

We foresee that multiplexing the rest of minimum system information (on top of MIB content) and potentially other system information on NR-PDSCH which is scheduled on Common search space (CSS) of the NR-PDCCH, similar as in LTE, is highly valuable in low carrier frequencies where cell coverage is high, no common channel beamforming is applied and number of potential UEs is high. This method is proven efficient, allows flexible load of SI, and dynamic multiplexing with downlink data transmission. 

However, on higher carrier frequencies the transmission of SI needs be beamformed to improve cell coverage. As the transmission needs to be done to all directions and all directions cannot be done simultaneously the number of symbols used for each direction needs to be minimized. Therefore, using full NR-PDSCH slot transmission and NR-PDCCH scheduling is not feasible – rather multiple separate transmissions in single slot is needed. This makes SI transmission to be quite like the SS-Block transmission. 

Observation 1: It would seem necessary to support both methods of providing the residual system information; using LTE-like scheduled delivery through CSS and using sweep block type of delivery to support large number of beams. The used method could be indicated through NR-PBCH. 


[bookmark: _Ref471393243]Figure 1: Simplified flow chart for receiving system information.

Thus, related to the following FFS points:

· FFS:
· In case remaining minimum system information is carried on NR-PDSCH, configuration for NR-PDSCH or control resource set for scheduling NR-PDSCH
· In case remaining minimum system information is carried on secondary physical broadcast channel, configuation 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

we consider that both 
· remaining minimum system information is carried on NR-PDSCH
· remaining minimum system information is carried on secondary physical broadcast channel 

shall be supported. First is for single-beam configuration and the second option is needed for multi-beam configuration.

Proposal 1: Support both
•	remaining minimum system information is carried on NR-PDSCH
•	remaining minimum system information is carried on secondary physical broadcast channel

In case remaining minimum system information is carried on NR-PDSCH the MIB in NR-PBCH provides CSS search space configuration for NR-PDSCH scheduling via NR-PDCCH. And, in case remaining minimum system information is carried on secondary physical broadcast channel, configuration of secondary physical broadcast channel resources (periodicity, timing, sweeping structure, etc.) is provided in MIB as well. This can be facilitated e.g. by Choice – fields like discussed in [5].

Proposal 2: In case remaining minimum system information is carried on NR-PDSCH the MIB in NR-PBCH provides CSS search space configuration for NR-PDSCH scheduling via NR-PDCCH.

Proposal 3: In case remaining minimum system information is carried on secondary physical broadcast channel the MIB in NR-PBCH provides scheduling information like periodicity, timing and sweeping structure.

For other SI delivery (and request) mechanisms there are different options available. Like for remaining minimum system information delivery the same mechanisms are considered: 
· remaining system information is carried on NR-PDSCH in periodic manner and scheduled using NR-PDCCH via CSS (single-beam configuration)
· remaining system information is carried on a physical broadcast channel (multi-beam configuration) transmitted and scheduled using a beam sweeping approach

However, the latter option might have limitations in flexibility to schedule and transmit very variable sized SIBs as well as group of SIBs to the UEs. Furthermore, the design should also account for the future extensions in terms of additional IEs in existing SIBs as well as new SIBs to be defined. Hence, to support such requirements for remaining system information, a separate scheduling block sweep with NR-PDCCH could be introduced for the purpose of system information delivery where a DCI is carried scheduling the SIB(s) on NR-PDSCH after the scheduling sweep. Each scheduling block in the sweep could have association to an SS-block in the cell and hence the UE could determine the scheduling block and its transmission timing based on the SS-block timing in the SS sweep and the given system information scheduling/scheduling window configuration in the minimum system information. On the other hand, in principle there does not need to be dependency between SS-block and scheduling block and should be discussed whether any advantages can be achieved. For the SIB(s) sweep carried over NR-PDSCH, mini-slot concept could be used to accommodate also the fairly small SI message sizes not wasting system resources in time domain with overly long sweep (e.g., by applying always a full slot for each direction). Generally, the sweep control channel as well as the SIB(s) sweep should also be able to be combined from block to block to ensure maximal reception reliability by the UEs.

In addition, remaining system information may be signalled in dedicated manner.

Proposal 4: Support the following delivery mechanisms for remaining system info
· remaining system information is carried on NR-PDSCH in periodic manner or on-demand broadcast and scheduled using NR-PDCCH via CSS (single-beam configuration)
· remaining system information is carried on sweep block type NR-PDSCH in periodic manner or on-demand broadcast exploiting the mini-slot concept and scheduled using separate sweep control channel carrying DCI
· remaining system information is carried on NR-PDSCH in dedicated manner and scheduled using NR-PDCCH via USS (both single-beam and multi-beam configurations)

Furthermore, there may be different triggering or polling mechanisms for the other SI delivery. These can be based on detected UL signal like PRACH Msg1 or Msg3. In PRACH Msg1 based solution, certain PRACH preambles may be associated to request all the remaining SIs or some of the remaining SIs to be transmitted in the cell. Alternatively, UE could include request in Msg3 of the RACH procedure to request remaining SIs or some of the remaining SIs to be transmitted. 

Proposal 5: Study feasibility of poll based triggering for the other SI delivery. The study should consider at least polling based on PRACH Msg1 and Msg3 transmissions and the need for flexible SI delivery request (possibility to request one or some of the other SIs or all other SIs).  
3.	Conclusions
In this contribution we discussed about minimum system information, NR-PBCH/MIB content and design as well as provided initial performance analysis for given design options. Based on the discussion and result we have made the following observations and proposals:
Observation 1: It would seem necessary to support both methods of providing the residual system information; using LTE-like scheduled delivery through CSS and using sweep block type of delivery to support large number of beams. The used method could be indicated through NR-PBCH. 

Proposal 1: Support both
•	remaining minimum system information is carried on PDSCH
•	remaining minimum system information is carried on secondary physical broadcast channel

Proposal 2: In case remaining minimum system information is carried on NR-PDSCH the MIB in NR-PBCH provides CSS search space configuration for NR-PDSCH scheduling via NR-PDCCH.

Proposal 3: In case remaining minimum system information is carried on secondary physical broadcast channel the MIB in NR-PBCH provides scheduling information like periodicity, timing and sweeping structure.

Proposal 4: Support the following delivery mechanisms for remaining system info
· remaining system information is carried on NR-PDSCH in periodic manner or on-demand broadcast and scheduled using NR-PDCCH via CSS (single-beam configuration)
· remaining system information is carried on sweep block type NR-PDSCH in periodic manner or on-demand broadcast exploiting the mini-slot concept and scheduled using separate sweep control channel carrying DCI
· remaining system information is carried on NR-PDSCH in dedicated manner and scheduled using NR-PDCCH via USS (both single-beam and multi-beam configurations)

Proposal 5: Study feasibility of poll based triggering for the other SI delivery. The study should consider at least polling based on PRACH Msg1 and Msg3 transmissions and the need for flexible SI delivery request (possibility to request one or some of the other SIs or all other SIs).
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Appendix A – Agreements in RAN1#87
Following agreements were made in RAN WG1 meeting #87 in Reno, regarding the content and transmission procedure:

Agreements:
· Consider followings for minimum system information transmission:
· NR-PBCH is a non-scheduled broadcast channel carrying at least a part of minimum system information with fixed payload size and periodicity predefined in the specification depending on carrier frequency range
· Alt. 1: NR-PBCH carries a part of minimum system information
· Alt 1-1 : remaining minimum system information is transmitted via other channel at least partially indicated by NR-PBCH
· Alt 1-2: Remaining minimum system information is transmitted via other channel not indicated in NR-PBCH
· Alt. 2: NR-PBCH carries all of minimum system information

Agreements:
· For study of the cases where  NR-PBCH carries a part of minimum system information, consider the following alternatives (or combinations) for the minimum system information other than those included in NR-PBCH : 
· Alt. 1:  NR defines the additional channel as secondary broadcast channel
· Secondary broadcast channel may be different design from NR-PBCH, e.g. payload size, resource mapping, periodicity and etc.
· FFS on transmission: beam-specific,  cell-specific, and/or TRP-specific, etc.
· Alt. 2:  The remaining information is transmitted in shared downlink channel similar to ,e.g. NR-PDSCH
· FFS on transmission: UE-specific, UE group-specific, beam-specific,  cell-specific, and/or TRP-specific, etc.
· Note: This does not preclude defining of other mechanisms transmitting Other SI
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