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Introduction
In RAN1 NR Ad-hoc#3 meeting, CORESET configuration for RMSI was discussed and following agreements were made [1]
Agreements:
· Confirm working assumption of: 
· UE-specific RRC signaling with full bitmap can be used for indicating the actually transmitted SS blocks for both sub6GHz and over6GHz cases
· The actually transmitted SS blocks is indicated in RMSI for both sub6GHz and over6GHz cases
· Indication is in compressed form in above 6 GHz case
· Indicated resources are reserved for actually transmitted SS blocks
· Data channels are rate matched around actually transmitted SS blocks

Agreements:
· NR supports both slot based PDCCH and PDSCH, and non-slot based PDSCH transmissions for RMSI/broadcast OSI delivery
· For the non-slot based transmission, 2, 4 and 7 OFDM-symbol duration for the RMSI/broadcast OSI PDSCH is supported
· FFS the handling of PDCCH for non-slot based transmissions

In RAN1#90 meeting, the following related CORESET for RMSI was agreed [2]
Agreements:
· For frequency location of CORESET for RMSI scheduling and NR-PDSCH for RMSI, 
· CORESET for RMSI scheduling and NR-PDSCH for RMSI does not have to be confined within the same BW of corresponding NR-PBCH
· Bandwidth for CORESET and NR-PDSCH for RMSI is confined within the UE minimum bandwidth for the given frequency band

Agreements:
· The single DL numerology to be used at least for RMSI, Msg.2/4 for initial access and broadcasted OSI is informed in NR-PBCH payload
· FFS: numerology to be used for paging, Msg.2/4 for other purposes and on-demand OSI

Agreements:
· Discuss further whether NR supports FDM between SS/PBCH block and CORESET/NR-PDSCH
· CORESET is designed at least for TDM

In RAN1 NR Ad-hoc#2, a few agreements on RACH configuration information are reached [3],
Agreements:
· All random access configuration information is broadcasted in all beams used for RMSI within a cell
· I.e., RMSI information is common for all beams

In this contribution, we will discuss contents and delivery mechanism of RMSI.

Discussion
Contents of RMSI
In RAN2#95, RAN2 decided to split the system information (SI) into “minimum system information” which is always broadcasted and “other system information” which can be configured to be either broadcasted or delivered to UEs on-demand. The minimum system information was agreed to “at least include information to support cell selection, for acquiring other SI, for accessing the cell”. In RAN1#87, NR-PBCH has been agreed to be “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”. In RAN2 replied LS [4], it states that “Note that the minimum SI should accommodate at least around 250 bits for L2/L3 operation based on the current agreements”. In RAN1#89, RAN1 targets design of NR-PBCH payload size to be no larger than 72 bits and no less than 40 bits including CRC. Thus, the remaining around 200 bits need be transmitted via RMSI. It has been agreed that all RACH configuration information and indication of actually transmitted SS Blocks are broadcasted by RMSI. The remaining information and parameters carried RMSI are analyzed as follows.

The remaining camping parameters
An Idle UE camping on the cell is not mandated to (re-)acquire the system information during mobility within the cell (except upon SI change). For multiple TRPs/beams deployment scenarios, an idle state UE camping on a cell needs to search and acquire the suitable TRP/beam for initial access and data transmission. As some camping parameters (e.g. SFN/Timing Index information etc.) are assigned to transmit in NR PBCH, the other camping information will be delivery in RMSI. At least the following minimum SI should be transmitted by RMSI, 
· Hyper System Frame Number (HSFN)
· System bandwidth
· SS block periodicity
· PLMNs 
· Area ID
· Value tag
· Cell ID extension
· Cell barring information
· The other camping SI: all remaining information UE needs to camp on a cell including e.g. information allowing DL control channel monitoring, paging DRX, paging reception.

Proposal 1: Besides RACH parameters and related information of actually transmitted SS Blocks, RMSI should at least include the remaining general SI, the remaining camping SI (information only needed for camping on a cell), and the SI required to access the TRP/beam and to acquire TRP/beam-specific SI. i.e.,
· Hyper System Frame Number (HSFN)
· System bandwidth
· SS block periodicity
· PLMNs 
· Area ID
· Value tag
· Cell ID extension
· Cell barring information
· The other camping SI: all remaining information UE needs to camp on a cell including e.g. information allowing DL control channel monitoring, paging DRX, paging reception.

Delivery of RMSI
In RAN1#88bis, it was agreed that NR PBCH provides the configuration information needed for NR PDCCH scheduling of the NR PDSCH that is carrying the RSMI. NR PBCH only provides the configuration information of CORESRT to find the PDCCH which in turn schedules the PDSCH that carries the RMSI. The designs of CORESET in multi-beam operation case are discussed in [5] to address the resource allocation of CORESET for common search space.  In RAN#90, it was agreed that TDM multiplexing between SS Block and CORESET for RMSI is supported. However, if the system bandwidth is larger than the minimum system bandwidth, the common search space CORESET could be configured at other subband at the same OFDM symbols of the SS block.  The CORESET and the SS block will be in the same beam in both single beam and multi-beam configuration.   UE will be monitoring the CORESET of common search space exactly the same as that of the SS block. For analog beam sweeping, the CORESET is transmitted on the same beam where the associated SS block is transmitted and no additional OFDM symbols are needed in order to transmit this CORESET. 
Some configuration information of CORESET for RMSI is discussed in [6]. In general the configuration parameters of CORESET should include at least:
· Resource allocation in frequency domain
· Control resource set duration
· Starting symbol offset with respect to e.g. the slot boundary
· Periodicity of monitoring occasions which may be at mini-slot or slot granularity. 
· A CCE-to-REG mapping which in our view should be common to the control resource set
· QCL parameters which indicate the relationship between DMRS of CORESET and the reference signal used for beam management, e.g. CSI-RS or SS block
When the limited payload size of NR PBCH, inter-cell inference and flexible configuration are considered, two configuration solutions in our companion contribution [7] are as follow:
· Solution 1: The CORESET for RMSI associated with an SS block is always transmitted within the same time duration of the SS block in the SS burst set period in FDM manner. For analog beam sweeping, the CORESET is transmitted on the same beam as the associated SS block. In this case, some configuration parameters (e.g. the number of search space candidates and CCE-to-REG mapping) can be fixed in the specification, whereas the monitoring occasions are by definition according to the beam sweeping cycle. Some information may still need to be transmitted in the NR-PBCH such as the CORESET duration and the frequency offset with respect to the SS block. However, it may also be possible to fix these values in the specification though it would  limit operational flexibility. One limitation is that the system bandwidth must support frequency domain multiplexing of the CORESET with the SS Block, which is not possible for a small system bandwidth, e.g. 5MHz.

· Solution 2: The CORESET for RMSI associated with an SS block is transmitted in TDM manner. In order to reduce the MIB overhead, time and frequency allocation can be indicated by a field in the MIB pointing to an index in a table of candidate locations. Preferably, the table would jointly signal all essential configuration parameters that should not be fixed by specifications to provide operational flexibility. 

We propose that both FDM and TDM multiplexing solutions can be used under different deployment scenarios in NR. Furthermore, in order to reduce signaling overhead of the CORESET configuration field in NR-PBCH, a set of pre-defined candidate configuration parameters (including time and frequency location) can be defined in a table. For instance, 3bits are used to indicate CORESET configuration for RMSI. Solution 1 and solution 2 with different configuration parameter subsets can be index from 000 to 111. 
Proposal 2: As the payload size of NR PBCH is limited, index association with tables which include a pre-defined subset of CORESET configuration parameters for RMSI can be introduced.
For above two solutions, for frequency resource allocation indication manner of CORESET for RMSI, two schemes could be considered:
· Scheme1: Without prior knowledge of the system bandwidth, the NR PBCH provides the relative offset of the resource allocation in frequency domain with respect to the NR PBCH.  This approach would minimize the number of bits for CORESET resource allocation and the payload of NR PBCH.  In addition, the scheduling information of PDSCH carried RMSI scheduled by PDCCH can be designed with the similar methodology.
·  Scheme2: NR PBCH provides the system bandwidth information, absolute frequency position of the CORESET within the system bandwidth.  Although this scheme provides a general framework of CORESET resource allocation, it requires transmitting more information bits in the NR PBCH compared to scheme 1. The resource allocation scheme would apply to PDCCH scheduling PDSCH carried RMSI and PDCCH scheduling PDSCH carried data.  
In order to minimize the NR-PBCH payload size, we propose the first scheme as CORESET configuration for RMSI provided by NR-PBCH.
Proposal 3: NR PBCH should provide the relative frequency position of the CORESET for RMST to that of SS Block.
For wideband CC case, it was agreed by RAN1 that multiple SS Blocks in FDM manner are supported. The primary functionality/purpose of  configured multiple SS blocks in wideband CC is to have system operation in a narrower band to mitigate the UE processing capability. Configuring multiple SS-blocks is for cell access including cell ID identification, timing reference, essential minimum system information transmission of multiple bandwidth parts (BWPs) within the wide band CC. The other purpose of configuring multiple SS blocks is for RRM measurement etc with the operation of BWPs. If most of FDMed SS Blocks are only used for RRM measurement (in scenarios that only one SS Block is association one RMSI and the other are not association with RMSI), it will not only waste resources, but also bring extra complexity and latency to the cell access procedure. Therefore, we propose that all FDMed SS Blocks in a wideband CC should be available for a UE to access the cell. Furthermore, it needs to be noted that each of the FDMed SS Blocks which are used for a UE to access cell in a wideband CC is at least associated with a corresponding RMSI. In this case there are two kinds of mapping manners can be considered.
· One-to-one association between SS Block and RMSI. and This one-to-one mapping allows a UE to access the corresponding cell via any SS Block in a wideband CC. However, it may bring multiple RMSIs which results in high overheads.
· Many-to-one association between SS blocks and RMSI . In this solution a UE can also search for any SS Block in a wideband CC in order to access the cell. Furthermore, the overhead is decreased by reducing the number of RMSIs. But it will cause some trouble for a narrowband capability UE (or Non-CA UE). For example, when a narrowband capability UE firstly detects a SS Block  and find out that the corresponding RMSI configuration information is transmitted in another bandwidth part outside its minimum band width, it has to retuning RF to find the corresponding RMSI..
For above two solutions, it is beneficial to allow the flexible configurable mapping manner between FDMed SS Blocks and the corresponding RMSI. How to indicate and configure the association between SS Block and RMSI should be further considered.
Proposal 4: All SS block transmissions in wideband CC in the frequency domain should be available for a UE to access the cell. That is, each SS block should be associated with an RMSI.
Proposal 5: It is beneficial to allow the flexible configurable mapping manner between multiple SS block transmissions and the corresponding RMSI in wideband CC.
Non-slot based PDCCH transmission
In RAN1#NR_AH3, it was agreed that NR supports non-slot based PDSCH transmissions for RMSI/broadcast OSI delivery. However, it is still FFS on whether to support non-slot based PDCCH transmission for RMSI due to the concern of potential impact on UE implementation and power consumption if RMSI PDCCH is frequency multiplexed with SS Blocks.
The main motivation for non-slot based RMSI delivery is to enable a faster RMSI delivery. Taking non-slot based FDM transmission of RMSI and SS block as an example, it requires both RMSI PDCCH/PDSCH and SS blocks be transmitted in the same ODFM symbols, so that the delivery of RMSI and SS block can be completed in the same beam sweep. It may not be meaningful if only non-slot based transmission of RMSI PDSCH is supported but not RMSI PDCCH, since the UE needs first to decode the PDCCH that schedules the PDSCH in order to decode the PDSCH that carries RMSI.  In addition, since the RMSI PDCCH is configured in the PBCH CORESET, the UE will know the time/frequency resources of the RMSI PDCCH after the detection of the SS block. The additional implementation complexity and UE power consumption for the detection of the PDCCH for RMSI can be minimized with the design of the PBCH CORESET. With above analysis, we would suggest:
Proposal 6:   NR supports non-slot based PDCCH transmissions for scheduling RMSI/broadcast OSI delivery.

FDM between SS block and RMSI CORESET/NR-PDSCH
The issue on whether NR supports FDM between SS/PBCH block and CORESET/NR-PDSCH for RMSI was discussed in previous meetings without agreement. While the benefit of FDM SS/PBCH block and CORESET/NR-PDSCH for RMSI for reducing beam sweeping time is clear and it is a common view that occupied bandwidth by the FDM between SS block and RMSI should be confined within a bandwidth for the given frequency band, it is however unclear what the bandwidth restriction is. The reason is that a term of the “initial active DL BWP” is recently introduced during the discussion of wide bandwidth operation, but the bandwidth of the initial active DL BWP is so far undefined. 
In our view, the initial active DL BWP for a band should be defined to be the same as UE minimum bandwidth defined for the band. Allowing initial active DL BWP to be different from the UE minimum bandwidth may cause additional confusions and difficulties in NR design for a number of reasons: a) the UE may not know the initial active DL BWP before it accesses a cell. If the bandwidth of the initial active DL BWP is different from the UE minimum bandwidth, the UE needs to be informed of the initial active DL BWP, which has so far not discussed in RAN1 and b) RAN4 still discusses whether and how to support two minimum bandwidths in a given frequency band, introducing different bandwidths for initial active DL BWP may cause additional issues if the initial active DL BWP is left for RAN4 to define. Furthermore, so far we don’t see the clear motivation and benefit to set the bandwidth of the initial active DL BWP to be different from UE minimum bandwidth.
Proposal 7: The bandwidth of the initial active DL BWP should be the same as the UE minimum bandwidth. 
If it is agreeable that bandwidth of the initial active DL BWP is the same as the UE minimum bandwidth, it is then clear the FDM between SS block and RMSI should be confined within the UE minimum bandwidth.
Proposal 8: NR should support FDM between SS Block and CORESET/NR-PDSCH with the restriction that SS/PBCH Block and CORESET/NR-PDSCH for RMSI are confined within the UE minimum bandwidth.

Spatial QCL between SS block and RMSI
One remaining issue of RMSI delivery is whether the SS blocks and the associated RMSI (PDCCH/PDSCH) should  always be transmitted in the same DL beam or can be allowed in different DL beams (e.g., different beam widths). From network deployment point of view, it is desirable for not limiting the transmission of the SS blocks and the associated RMSI (PDCCH/PDSCH) always in the same DL beam. In that case, the UE should be provided the indication on whether the UE can assume the spatial QCL relationship between the RMSI (PDCCH/PDSCH) and the associated SS block. 
Proposal 9: NR should provide an indication in PBCH on whether the DMRS antenna port of the NR-PDCCH for scheduling RMSI is spactial QCL with the SS/PBCH Block. 



Conclusion
This paper discusses the contents and delivery mechanism of RMSI.  We have the following proposals,
Proposal 1: Besides RACH parameters, RMSI should at least include the remaining general SI, the remaining camping SI (information only needed for camping on a cell), the SI required to access the TRP/beam and to acquire TRP/beam-specific SI. i.e.,
· Hyper System Frame Number (HSFN)
· System bandwidth
· SS block periodicity
· PLMNs 
· Area ID
· Value tag
· Cell ID extension
· Cell barring information
· The other camping SI: all remaining information UE needs to camp on a cell including e.g. information allowing DL control channel monitoring, paging DRX, paging reception.
Proposal 2: As the payload size of NR PBCH is limited, NR should define a small number of configuration indexes to represent a set of pre-defined configurations for RMSI CORESET.
Proposal 3: NR PBCH should provide the relative frequency position of the CORESET for RMST to that of SS Block.
Proposal 4: All SS block transmissions in wideband CC in the frequency domain should be available for a UE to access the cell. That is, each SS block should be associated with an RMSI.
Proposal 5: When multiple SS blocks are transmitted in in wideband CC in the frequency domain, it is beneficial to allow the flexible configurable mapping between SS blocks and the corresponding RMSI(s) in wideband CC.
Proposal 6:  NR supports non-slot based PDCCH transmissions for scheduling RMSI/broadcast OSI delivery.
Proposal 7: The bandwidth of the initial active DL BWP should be the same as the UE minimum bandwidth. 
Proposal 8: NR should support FDM between SS Block and CORESET/NR-PDSCH with the restriction that SS/PBCH Block and CORESET/NR-PDSCH for RMSI are confined within the UE minimum bandwidth.
Proposal 9: NR should provide an indication in PBCH on whether the DMRS antenna port of the NR-PDCCH for scheduling RMSI is spatial QCL with the SS/PBCH Block. 
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