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1. Introduction
In this contribution, we discuss delivery mechanisms for the remaining system information. The following are agreements from RAN1 #88bis and RAN1 #89.
	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:
· 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



 
2. Scheduling Details of RMSI
It was agreed that NR PBCH provides configuration information needed for NR PDCCH scheduling of the NR PDSCH that is carrying the remaining system information (RSMI). In this approach, the NR PBCH only contain some essential information to find the PDCCH which in turn schedules the PDSCH that carries the RMSI. If the receiver has to perform some form of blind detection of the PDCCH that carries the scheduling of the RMSI, the NR PBCH will have to provide some information about the bandwidth of the search space of the PDCCH. 
Similar to single step approach, PBCH may need to indicate the subcarrier spacing of PDCCH. The subcarrier spacing of the SS block and the PDCCH may not be the same. This may require few additional bits (i.e. 2 ~ 3 bits) to indicate the subcarrier spacing of the PDCCH in NR PBCH.
In this approach, the NR PBCH can single out an exact position of the PDCCH to decode or provide a search space for the UE to perform blind decoding attempts for the PDCCH. The former method become very similar to a single step approach and does not provide any addition benefit in terms flexibility of the scheduling of RMSI. If the search space of the PDCCH is provide in NR PBCH, the actual transmission of the RMSI can be dynamically adapted and provide high degree of flexibility to the network. Therefore, we provide that NR PBCH carry the information for the control resource set (CORESET) such that flexibility in terms of scheduling can be provided.
Proposal 1:
· NR PBCH carries configuration of the control resource set (CORESET), which provides the search space of the PDCCH scheduling the PDSCH that carries RSMI.

It should be noted that PBCH cannot simply contain the COREST information. This is because the frequency position of the PBCH can be anywhere within the system bandwidth. The CORESET information in PBCH can be provided in two methods. 
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Figure 1. NR PBCH provide relative frequency offset with respect to NR SS and CORESET size
The first method is to provide the relative frequency offset with respect to the NR SS and CORESET size. In this method, the PBCH does not necessary need to carry the size of the system bandwidth, nor does it need to carry information about the frequency location of the PBCH within the system bandwidth. It can simply provide the relative frequency offset of the CORESET with respect to the NR SS and also provide the resources for the CORESET (i.e. CORESET size). From the PDCCH sent within the CORESET, the PDSCH of the RMSI can be derived.
The challenge is that the scheduling information in the PDCCH may need to be optimized such that PDSCH can be scheduled without the knowledge of the entire system BW. This may require a specialized design of the PDCCH compared to rest of the PDCCH design intended for PDSCH carrying regular data transmission.
Despite the challenge and potential increase in overall signaling, this option may provide far less number of bits in PBCH. Furthermore, it would be friendlier to introduction of new system bandwidths in later releases of NR.
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Figure 2. NR PBCH provide absolute frequency location and CORESET size
	The second method is to provide the system BW information, frequency positions of the NR SS within the system BW, absolute frequency position of the CORESET within the system bandwidth, and the resources for the CORESET (i.e. COREST size). This method requires transmission of more information fields in the NR PBCH compared to method 1. However, the PDCCH design can likely be aligned with other PDCCH design for regular data transmission. Furthermore, the CORESET configuration signaling could be aligned with other CORESET configuration such as user specific CORESETs.
	Proposal 2:
· NR PBCH carries 
· Configuration of the control resource set (CORESET) relative to the system bandwidth (e.g. time/frequency resources within the system bandwidth)


3. RMSI for multiple SS blocks in wideband operation
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[bookmark: _Ref485413089]Figure 3. Two SS block to RMSI association methods
	In case of wideband operation, a single cell may transmit multiple SS blocks across the frequency. However, RAN1 has not determined yet whether NR would allow transmission of SS block without transmission of RMSI. For example, if the system carries three SS blocks, each of the SS blocks in different frequency would have its own RMSI transmission. Alternatively, all the SS blocks could potentially point to the same RMSI where only a single RMSI is transmitted regardless of number of SS blocks. An example of both operations are shown in Figure 3.
	In case of option 2, where different SS blocks could be associated with the same RMSI, it is possible that the SS block simply indicates lack of association with a RMSI. Once the UE decodes the PBCH of the SS block and find out there is no association to a RMSI, it can search for other cells or even frequency layers. Although, this approach may save control signaling overhead for the CORESET of the RMSI, it imposes extra UE complexity by forcing the UE re-search for a better candidate elsewhere even though the current cell is perfectly good candidate for camping and initial access.
	The RMSI is expected to contain signaling information such as list of PLMNs and cell camping parameters. Therefore, we believe RMSI should always be signaled when SS block exist. It should be noted that this doesn’t necessary mean that there needs to be a unique RMSI transmission for each SS block, different SS block could potentially associate itself with the same RMSI transmission. However, there should not be a case where no RMSI is associated with a SS block.
Proposal 3:
· Each SS block is associated with RMSI. The NR PBCH does not contain any signaling that indicates lack of RMSI.


4. Scheduling Methods for OSI
Delivery of other system information was left for further study in RAN1 #88bis. However, to have a consistent delivery mechanism between RMSI and OSI is preferred. Once the NR PBCH can carry information of the CORESET that can potentially carry PDCCH for RMSI, there would be no reason PDCCH for OSI cannot be carried in the same CORESET. The PDCCH for RMSI and PDCCH for OSI could be differentiated either in higher layers or by form of ID used to scramble the CRC of the PDCCH (i.e. different broadcast ID).
Therefore, we propose that OSI is also scheduled by PDCCH, and the CORESET for the PDCCH is provided either by COREST indicated in NR PBCH or RMSI.
Proposal 4:
· The scheduling information of broadcast NR PDSCH carrying other system information (OSI) is transmitted by NR PDCCH.
· FFS: which CORESET is used for the NR PDCCH scheduling broadcast NR PDSCH.


5. Conclusions
In this contribution, we discussed the methods on delivering the remaining minimum system information. Our proposals are summarized as below:
Proposal 1:
· NR PBCH carries configuration of the control resource set (CORESET), which provides the search space of the PDCCH scheduling the PDSCH that carries RSMI.
Proposal 2:
· NR PBCH carries 
· Configuration of the control resource set (CORESET) relative to the system bandwidth (e.g. time/frequency resources within the system bandwidth)
Proposal 3:
· Each SS block is associated with RMSI. The NR PBCH does not contain any signaling that indicates lack of RMSI.
Proposal 4:
· The scheduling information of broadcast NR PDSCH carrying other system information (OSI) is transmitted by NR PDCCH.
· FFS: which CORESET is used for the NR PDCCH scheduling broadcast NR PDSCH.
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