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Introduction
It was agreed in the RAN1 meeting NR AH#3 [1] for the following:
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
Furthermore, in the RAN1 meeting #90bis [2], the following were agreed:
Agreements:
· The initial active DL BWP is defined as frequency location and bandwidth of RMSI CORESET and numerology of RMSI.
· PDSCH delievering RMSI are confined within the initial active DL BWP
Agreements:
· UE assumes the DMRS of NR-PDCCH transmitted in the CORESET for RMSI and the DMRS of NR-PDSCH for RMSI/broadcast OSI is QCLed with the corresponding  SS/PBCH block
· FFS: On the details on the associations between SS blocks and monitoring windows (if introduced) for RMSI CORESETs/broadcast OSI .
Agreements:
· NR supports FDM transmission of QCLed SS/PBCH block and RMSI (CORESET/NR-PDSCH), when
· there is no latency requirement for UE to acquire RMSI if the combined bandwidth for SS/PBCH block and RMSI (CORESET/NR-PDSCH) exceeds the UE capability, and
· the number of RMSI CORESETs to monitor within a slot is 1, and 
· the number of slots of a CORESET corresponding to an SS/PBCH block is 1 within a monitoring window for RMSI CORESET (NR-PDCCH)
· FFS: whether the number of slots of a CORESET corresponding to an SS/PBCH block can be larger than 1

In this contribution, we considered and discussed design principles for system information delivery for initial access for a beam-based approach in NR. We discussed the remaining issues and details related to delivery of the remaining minimum system information (RMSI).



Consideration for RMSI  
Contents of NR-PBCH may be the same for all SS/PBCH blocks within an SSB burst set with the exception of the SSB index for the same center frequency. The maximum number of bits for configuration of RMSI CORESET(s) and RMSI timing in NR-PBCH may be up to 8 bits excluding the indication of subcarrier spacing (SCS). RMSI CORESET(s) is the CORESET(s) configured by NR-PBCH. Configuration of RMSI CORESET(s) should consider at least bandwidth, frequency position e.g., the frequency offset relative to SS/PBCH block position and a set of consecutive OFDM symbol indices in a slot corresponding to a single CORESET. It is for further study regarding signaling details including what is specified and what is signaled in the NR-MIB of NR-PBCH.
Consideration for RMSI Numerology  
NR supports different numerologies between SS/PBCH block and RMSI (PDCCH/PDSCH). Mixed numerologies may be achieved by the one bit indication in NR-PBCH. Different numerologies for FDM and TDM may be possible. When the SSBs and the RMSI CORESETs are FDM-ed, the UE will need supporting simultaneous reception of SSBs and the RMSI PDCCH with mixed numerologies in order to take the advantage of FDM. However, support of simultaneous reception of data and SSB with mixed numerologies may not be mandatory and could be optional from UE implementation perspective. Whether and how to support FDM of SSBs and the RMSI CORESETs with mixed numerologies should be investigated. For example, for SSBs with SCS 240kHz, the corresponding RMSI SCS is either 60 kHz or 120kHz which is different from 240kHz. When SSBs with 240 kHz SCS are FDM-ed with RMSI, the RMSI SCS will be always different from the SSB SCS. Different numerologies for SS/PBCH blocks and RMSI CORESETs for FDM cases should be supported. All or a subset of possible combinations of the different numerologies for SS/PBCH blocks and the RMSI CORESETs should be supported in addition to the cases of the SSB and RMSI with the same numerology. RMSI CORESET configuration for each combination of the different numerologies may be defined in separate configuration tables. UEs not supporting simultaneous reception of SS/PBCH blocks and RMSI PDCCH with mixed numerologies may have larger latency for initial access.
Proposal 1: All or a subset of possible combinations of the different numerologies for SS/PBCH blocks and the RMSI CORESETs are supported.
Consideration for RMSI CORESET Configuration and Initial Active DL BWP
UE minimum bandwidth in the context of confinement of RMSI and CORESET containing PDCCH scheduling RMSI is defined as the largest bandwidth that all UEs must support regardless of UE capability, which is at least no less than the SS/PBCH bandwidth. Bandwidth for RMSI and and CORESET containing PDCCH scheduling RMSI supports at least the same bandwidth as SS/PBCH e.g., 24, 20 or 18 PRBs. The initial active DL BWP is defined as frequency location and bandwidth of RMSI CORESET and numerology of RMSI. PDSCH delievering RMSI are confined within the initial active DL BWP. The bandwidth combining the SS/PBCH block and the initial active DL BWP should be considered. The bandwidth multiplexing both the SS/PBCH block and the initial active DL BWP may be confined within UE minimum bandwidth or the minimum carrier bandwidth for a given band. It was agreed that NR supports FDM transmission of QCL-ed SS/PBCH block and RMSI (CORESET/NR-PDSCH). The bandwidth combining RMSI and SSB may depend on UE’s minimum capability.
For PDCCH monitoring occasion may be N-slot while N may be 1, 2 or other value. Slot-level offset value for PDCCH monitoring occasion may also be supported. For N-slot monitoring occasion, the offset may be the one from [0, N-1]. Symbol-level bit-map of monitoring occasion within a slot may be used. For the DMRS of NR-PDCCH in a CORESET, the QCL configuration and indication may be on a per CORESET basis. The value(s) of TPC-PUSCH-RNTI, TPC-PUCCH-RNTI and/or TPC-SRS-RNTI can be provided by RRC signaling. The association between at least each of the following RNTIs and a DCI format is specified including C-RNTI, TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, TPC-SRS-RNTI, INT-RNTI and SFI-RNTI. Other RNTI(s) may also be associated with DCI format. The value of C-RNTI is obtained as part of random access procedure. The association between a DCI format and a type of search space such as UE-common search space and UE-specific search space can be specified. UE-common search space may contain a DCI format of C-RNTI, RNTI(s) for SPS/grant-free, TPC-PUSCH-RNTI, TPC-PUCCH,RNTI, TPC-SRS-RNTI, and INT-RNTI. UE-specific search space may contain a DCI format of C-RNTI and RNTI(s) for SPS/grant-free.
The UE may obtain at least one CORESET configuration for PDCCH scheduling RMSI associated with a given SS block via NR-PBCH. The PDCCH candidates per aggregation level and the set of aggregation levels for PDCCH scheduling RMSI can be specified. The indication of the support of higher aggregation level such as 16 in the cell may be investigated. Set of search spaces for OSI, random access Msg 2, 3 and 4, and paging may be studied. The UE can be configured with at least one CORESET configuration at least for PDCCH for random access via RMSI. If not configured by RMSI, the CORESET configuration(s) for random access may be the one(s) configured by NR-PBCH. Whether the CORESET configuration can be configured outside of the initial active DL BWP may be for further studied. By UE-specific RRC signalling, the UE can be configured with one or more CORESET configuration(s) at least for PDCCH scheduling UE-specific data. Each CORESET configuration is associated with one or more sets of search spaces. Each set of search spaces is associated with one CORESET configuration.
The RMSI CORESET configuration indicates the resource for the PDCCH that schedules the PDSCH carrying RMSI. Some of the details of the RMSI CORESET such as the PDCCH candidates per aggregation level and the set of aggregation levels for PDCCH scheduling RMSI may be decided, the configuration properties of RMSI CORESET(s) should be determined for initial access. The RMSI CORESET may be configured using a configuration table, separate configuration for each CORESET or combination of both. For example, a table with a list of configuration indices may be used. Each index represents pre-defined configuration for the CORESET properties such as bandwidth, frequency position, CORESET duration, etc. Each CORESET property may also be configured separately. For example, frequency location may be defined by a different parameter from the one used for time location. Alternatively, some properties may be configured by a table, and the others may be configured individually and separately. The properties or parameters may be explicitly indicated by the RMSI CORESET configuration carried in the NR-MIB via NR-PBCH and the others may be derived from the indicated properties and/or parameters.
Proposal 2: The RMSI CORESET is configured using a configuration table, separate configuration or combination of both.

Consideration for RMSI PDCCH Monitoring and SS/PBCH Block Association  
RMSI timing configuration should consider at least the RMSI PDCCH monitoring window periodicity and RMSI PDCCH monitoring window duration. It can be for further study whether to include RMSI PDCCH monitoring window offset or the number of RMSI PDCCH monitoring occasions per SSB within the RMSI PDCCH monitoring window periodicity. It is for further study regarding signaling details including what is specified and what is signaled in the NR-MIB of NR-PBCH. QCL per CORESET vs. search space may also be considered. The associations between SS/PBCH blocks and RMSI PDCCH monitoring windows may be introduced for RMSI CORESETs as well as broadcast OSI. UE may assume the DMRS of NR-PDCCH transmitted in the CORESET for RMSI and the DMRS of NR-PDSCH for RMSI as well as broadcast OSI is QCL-ed with the corresponding SS/PBCH block.
FDM transmission of QCL-ed SS/PBCH block and RMSI including CORESET and NR-PDSCH can be supported. There may be no requirement for latency for UE to acquire RMSI if the combined bandwidth for SS/PBCH block and RMSI CORESET and NR-PDSCH exceeds the UE capability. The number of RMSI CORESETs to monitor within a slot is one. The number of slots of a CORESET corresponding to an SS/PBCH block is one within a monitoring window for RMSI CORESET and NR-PDCCH. It is FFS whether the number of slots of a CORESET corresponding to an SS/PBCH block can be larger than one. For FDM, the main advantage may be to transmit SSB and associated CORESET in the same OFDM symbols. In this case, no special benefit to support N > 1, which requires the transmission of RMSI CORESET in the slots without SSB.
There is an RMSI PDCCH monitoring window which is associated with an SS/PBCH block. RMSI PDCCH monitoring window recurs periodically. Each window has duration of some consecutive slot(s). It is FFS for the number of consecutive slot(s) which may be 1, 2 or 4 as examples. RMSI PDCCH monitoring window may be frequency band dependent and may be configured in NR-PBCH. The period of the RMSI PDCCH monitoring window can be the same as or different from the period of the SS/PBCH block burst set. For example, RMSI PDCCH monitoring window periodicity may be 10, 20, 40, 80 or 160ms. RMSI PDCCH monitoring window periodicity may or may not be frequency band dependent and may or may not be configured in PBCH. It may also be dependent on RMSI TTI. Whether there is a dependency between the period of the monitoring window and the period of the SS/PBCH block burst set can be FFS. Whether it is allowed to configure the overlapping monitoring windows associated with different SS/PBCH blocks can be FFS. Furthermore, the need for RMSI PDCCH monitoring window time offset should also be investigated. RMSI TTI may be 80ms or 160ms. RMSI CORESET configuration is the same for all SSBs in the same SS burst set, The UE may have the information on all RMSI CORESET locations associated with any of the SSBs in the same SS burst set. UE can decide by itself whether to measure the RMSI CORESETs associated with any SSB. The RMSI timing window duration may not needed to be configured. Both slot-based PDCCH and PDSCH, and non-slot-based PDSCH transmissions for RMSI/broadcast OSI delivery can be supported. For the non-slot based transmission, 2, 4 and 7 OFDM-symbol duration for the RMSI/broadcast OSI PDSCH can be supported. PDCCH for non-slot based transmissions can also be supported.
SS/PBCH blocks may be transmitted in one or multiple BWPs for wideband CC operation. The association between SS Block(s) and RMSI(s) needs to be defined. Association may be one-to-one, one-to-many and many-to-one association between the SS/PBCH block and the RMSI. From UE perspective, one-to-one and many-to-one association can be seen as one-to-one association between an SS/PBCH block and an RMSI. The one-to-many and many-to-one association may not be possible if DL bandwidth combining the SS/PBCH block and initial active DL BWP is confined within the bandwith of initial active DL BWP. Many-to-one association may require the CORESET configuration in NR-MIB via NR-PBCH to inform the two CORESET in different locations of frequency. For both one-to-one mapping and many-to-one mapping between SSBs and RMSI CORESET in wideband operation, it can be seen as one-to-one mapping from UE’s perspective. For one-to-many mapping, the RMSI CORSET configuration could be complicated and its benefit in wideband operation may not be obvious.
Proposal 3: At least one-to-one association between SS/PBCH block and RMSI is supported.

Conclusions
In this contribution, we considered and discussed design principles for system information delivery for initial access for a beam-based approach in NR. We discussed the remaining issues related to delivery of the remaining minimum system information (RMSI). We have the following proposals:
Proposal 1: All or a subset of possible combinations of the different numerologies for SS/PBCH blocks and the RMSI CORESETs are supported.
Proposal 2: The RMSI CORESET is configured using a configuration table, separate configuration or combination of both.
Proposal 3: At least one-to-one association between SS/PBCH block and RMSI is supported.
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