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Introduction
This contribution discusses details of remaining system information delivery for NR. Selection of subcarrier spacing for remaining minimum system information (RMSI) is discussed, and the preliminary consideration on the delivery mechanism of RMSI is provided. Delivery of Other system information (OSI) is briefly mentioned in the last section.
Numerology of RMSI 
In RAN1 #88bis and #89 meeting, the following agreements related to numerology for RMSI were made:
	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
Agreements:
· For RMSI, the same subcarrier spacing is used for data and control channels
· For paging, the same subcarrier spacing is used for data and control channels
· RAN1 will strive to minimize the subcarrier spacing switching point during the initial access and idle mode
· FFS: Whether the subcarrier spacing of data and control channel is the same between RMSI and paging



The same SCS used for NR-PBCH and for RMSI and/or paging can reduce subcarrier spacing switching during the initial access and/or IDLE mode, and also reduces the overhead of NR-PBCH indication. However this option restricts the flexibility of RMSI sheduling. Since the numerology of data/control channel can be different with default numerology of the frequency band, i.e. different with numerology of NR-PBCH, when RMSI and data/control channels co-exist in a slot, the numerology in the slot will be mixed.
The resource structure of RMSI information is not decided yet. If within a RMSI burst there are empty blocks not used for RMSI transmission, or within a discontinuous RMSI burst there are resources scheduled for other UEs to transmit data/control channels, the co-existence of RMSI and data/control channel transmission within the same slot will happen more frequently. 
Therefore in order to avoid mixed numerology within a slot, numerology information of NR-PDCCH/PDSCH for RMSI delivery should be indicated by NR-PBCH. Furthermore, the indication overhead is relatively small (~2 bits) and can be regarded as acceptable tradeoff.
Proposal 1: Numerology of NR-PDCCH/PDSCH used for RMSI delivery is indicated by NR-PBCH.

RMSI delivery mechanism
The delivery mechanism of RMSI was discussed in RAN1 #88bis meeting with the following agreement:
	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



There are mainly two types of RMSI delivery approaches discussed in last meeting. One straightforward type is that another round of beam sweeping is adopted for PDSCH indicating RMSI independently of previous beam sweeping result for SS block. With this type of RMSI delivery approach, we consider that the NR-PDCCH scheduling NR-PDSCH for RMSI could be transmitted within the common resource set (CORESET). UE performs blind detection for PDCCH and make effort to find a best beam pair link.
As agreed by RAN1 in #89 meeting, configuration information of CORESET is carried in NR-MIB. The configuration parameters could include:
· Time and frequency position of NR-PDCCH for RMSI: provides the starting symbol and/or PRB position of CORESET, and size of RMSI in time and frequency domain. 
· Periodicity of CORESET
· Possible CORESET subset: the entire CORESET resources could be divided into multiple subsets and each subset is used for different type of transmissions or configured for different UE groups. This parameter could be used to reduce the complexity of UE blind detection and support UE-specific configuration. 
Furthermore, for the purpose of overhead reduction, a set of predefined parameter values e.g. predefined CORESET subset patterns could be fixed in the specification. Part of CORESET configuration information could also be derived from specification.
The main drawback of this approach is the cost of blind detection in the round of beam sweeping for PDCCH for RMSI. We think if UE-specific CORESET configuration or CORESET subset is supported, a smaller size of CORESET resource could be configured to reduce the number of blind detection. Particularly, configuration of CORESET resource subset could be associated to SS blocks or SS bursts that UE could select CORESET subset to perform PDCCH blind detection based on beam sweeping result of SS block as a trade-off.
Proposal 2: NR-PDCCH scheduling NR-PDSCH for RMSI is transmitted within CORESET. UE performs blind detection to decode NR-PDCCH.
Proposal 3: CORESET configuration is indicated by NR-MIB with at least the following parameters:
· Time and frequency domain position and size;
· Periodicity;
· Possibly consider configuration of CORESET subset

On the contrary, if the scheduling information of NR-PDSCH for RMSI could be associated with SS block, no additional round of beam sweeping is needed. Possible solutions include multiplexing between SS block and NR-PDCCH/DCI for NR-PDCCH for RMSI, and fixed mapping relationship between SS block and PDCCH resource position in CORESET. 
For the latter option, if PDCCH resource within CORESET is associated with overall nominal SS blocks, since only partial of the nominal SS blocks are actually transmitted, the PDCCH transmission on CORESET resource unit associated with unused SS blocks is dropped. The fractional dropped resources within CORESET could be scheduled for other transmission but will introduce additional overhead. Otherwise if PDCCH resource within CORESET is associated with actually transmitted SS blocks, since UE is unable to acquire overall information of actually transmitted SS blocks, PDCCH needs to indicate the association relationship with SS block and blind detection is still necessary.
Another issue for this type of approach is that the beam correspondence between SS block and PDSCH for RMSI cannot be guaranteed under all scenarios. For example, the beamforming of SS block and of PDSCH could be different and the best beam pair link for SS block and for PDSCH for RMSI correspondingly changes. We assume UE is unable to distinguish the existence of beam correspondence at least during initial access procedure, therefore this type of approach is not recommended.
Proposal 4: Due to the resource fragmentation introduced by association between SS block and PDCCH for RMSI within CORESET, and the uncertainty of beam correspondence between SS block and RMSI block, detection of NR-PDCCH scheduling RMSI based on beam sweeping result of SS block is not recommended.

OSI delivery mechanism
The delivery mechanism of other system information (OSI) was discussed in RAN1 #88bis meeting with the following agreements:
	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.



On-demand delivery of OSI was mainly discussed in RAN1 and RAN2 until now. RAN2 agreed that on-demand OSI could be delivered via dedicated signaling to RRC_CONNECTED UEs or via SI-message broadcast to RRC_IDLE UEs. For the SI-message broadcast based delivery, since the OSI only needs to be received by certain UE(s), gNB could select specific DL beam(s) for delivery. Therefore we consider that the scheduling information of NR-PDSCH for OSI should be carried in NR-PDCCH. In addition, the delivery mechanism of RMSI could be reused i.e. PDCCH for OSI is transmitted in CORESET with UE blind detection.
Furthermore, for on-demand delivery of OSI, the scheduling information of NR-PDSCH for OSI is possible to change frequently. Therefore carrying the scheduling information in RMSI is inappropriate because RMSI content will correspondingly changes, which causes all UEs in the serving cell updating RMSI reception rather than only the UEs requested OSI delivery. On the contrary, if periodic broadcast of OSI is supported, the scheduling information of NR-PDSCH for periodic OSI carried by RMSI could be considered as a reasonable solution.
Proposal 5: At least for on-demand OSI delivery, the scheduling information of broadcast NR-PDSCH is carried by NR-PDCCH.

Conclusion
This contribution discusses possible solutions of timing indication based on SS block with the following proposals:
Proposal 1: Numerology of NR-PDCCH/PDSCH used for RMSI delivery is indicated by NR-PBCH.
Proposal 2: NR-PDCCH scheduling NR-PDSCH for RMSI is transmitted within CORESET. UE performs blind detection to decode NR-PDCCH.
Proposal 3: CORESET configuration is indicated by NR-MIB with at least the following parameters:
· Time and frequency domain position and size;
· Periodicity;
· Possibly consider configuration of CORESET subset
Proposal 4: Due to the resource fragmentation introduced by association between SS block and PDCCH for RMSI within CORESET, and the uncertainty of beam correspondence between SS block and RMSI block, detection of NR-PDCCH scheduling RMSI based on beam sweeping result of SS block is not recommended.
Proposal 5: At least for on-demand OSI delivery, the scheduling information of broadcast NR-PDSCH is carried by NR-PDCCH.
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