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1. Introduction
For RMSI scheduling, one CORESET (COntrol Resource SET ), named as RMSI CORESET, is needed to indicate the resource for RMSI transmission. Till now, both TDM and FDM based RMSI CORESET are agreed. “TDM”/”FDM” means that RMSI CORESET and SS/PBCH block is TDMed/FDMed. In this contribution, we focus on FDM based RMSI CORESET design. Related agreements for FDM based RMSI CORESET are presented as follows.
Agreements:
· Discuss further whether NR supports FDM between SS/PBCH block and CORESET/NR-PDSCH

· CORESET is designed at least for TDM
Conclusion:
· FFS FDM between SS/PBCH block and CORESET/NR-PDSCH for RMSI is supported

· Note: this discussion is related to the bandwidth restriction related to UE
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
Some agreements for other aspects of RMSI CORESET are also presented for reference.
Agreements:
  (Working assumption) PBCH contents, except the SSB index, should be the same for all SS/PBCH blocks within an SSB burst set for the same center frequency
  The maximum number of bits for configuration of RMSI CORESET(s) and RMSI timing in PBCH is X bits excluding the subcarrier spacing. 

  X is TBD, and can be chosen to be up to [8] bits.

  Note: RMSI CORESET(s) means the CORESET(s) configured by PBCH
  Configuration of RMSI CORESET(s) should consider at least the following properties: 

  bandwidth (PRBs) 

  frequency position (frequency offset relative to SS/PBCH block) 

  A set of consecutive OFDM symbol indices in a slot corresponding to a single CORESET 

  FFS: signaling details including what is captured in specifications and what is signaled in the MIB
  RMSI timing configuration should consider at least the following properties: 

  RMSI PDCCH monitoring window periodicity y

  RMSI PDCCH monitoring window duration x

  FFS: RMSI PDCCH monitoring window offset

  FFS: The number of RMSI PDCCH monitoring occasions per SSB within the RMSI PDCCH monitoring window periodicity

  FFS: signaling details including what is captured in specifications and what is signaled in the MIB
Agreements:
· The maximum bandwidth for CORESET for RMSI scheduling and NR-PDSCH carrying RMSI should be equal to or smaller than a certain DL bandwidth of NR that all UE can support in each frequency range
Agreements:
· For frequency location of CORESET for RMSI scheduling and NR-PDSCH for RMSI, RAN1 will select one or more alternative(s) from followings in the next meeting
· Alt. 1: CORESET for RMSI scheduling and NR-PDSCH for RMSI are confined within the BW of one NR-PBCH
· Alt. 2: CORESET for RMSI scheduling is confined within the BW of one NR-PBCH and NR-PDSCH for RMSI is not confined within the BW of one NR-PBCH
· Alt. 3: CORESET for RMSI scheduling and NR-PDSCH for RMSI are not confined within the BW of one NR-PBCH
Agreements:
· Following contents are carried in NR-MIB

· RMSI scheduling information: [x] bits

· CORESET(s) information: [x] bits

· Simplified information of CORESET(s) compared to CORESET(s) information for UE-specific configuration is considered

· E.g., Time/frequency resource configuration of CORESET(s)

· [Numerology of RMSI: [0 - 2] bits]

· [Information regarding frequency resources for PDSCH scheduling: [x] bits]

· [Information regarding bandwidth part: [x] bits]

· [Information for quick identification that there is no corresponding RMSI to the PBCH: [0 - 1] bit]
· [Information for quick identification that UE can not camp on the cell: [0-1] bit]
· RAN1 will ask RAN2
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
Agreements:
· The CORESET used to schedule the PDSCH containing the RMSI can be configured to contain also UE-specific PDCCH(s)
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:
· 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
2. FDM based RMSI CORESET Design
2.1 FDM based RMSI CORESET
The pattern of one SS/PBCH block is shown in Figure 1 [1]. The bandwidth for SS/PBCH (20 PRBs) is 3.6MHz for subcarrier spacing as 15kHz (240 subcarriers) or 7.2MHz for subcarrier spacing as 30kHz. To minimiz the bandwidth of SS/PBCH block and FDM based RMSI COREST, the number of CCEs of RMSI CORESET is set to be 4 like common search space in LTE. To match the current pattern of SS/PBCH block, a pattern of RMSI COREST is presented as shown in Figure 1. Specifically, two consecutive 6 REGs (6 PRB,1 symbol) on both sides of PSS constitute two CCEs, and two consecutive 6 REGs (2PRB, 3 symbols) on both sides of PBCH are the other two CCEs. This pattern has the minimal bandwidth [360kHz] for subcarrier spacing as 15kHz and [720kHz] for subcarrier spacing as 30kHz. That is, the bandwidth for SS/PBCH block plus RMSI CORESET is 3.96MHz for subcarrier spacing as 15kHz, and 7.92MHz for subcarrier spacing as 30kHz. 
Considering larger RMSI COREST design with aggregation level as 8, i.e., the number of CCEs is 8, a new pattern is provided in Figure 2. It can be seen that CCE0, CCE1, CCE2, CCE3 within 8-CCE RMSI CORESET has the same time/frequency positions as the 4-CCE RMSI CORESET. The remaining 4 CCEs are mapped into the adjacent time/frequency resource in frequency domain continuously on the both sides of 4-CCE pattern. To reduce the configuration complexity, fixed CCE index is preferred. With the 8-CCE pattern, the RMSI CORSET and SS/PBCH block occupy 4.5MHz for subcarrier spacing as 15kHz or 9.0MHz for subcarrier spacing as 30kHz. 
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Figure 1 FDM based RMSI CORESET design (left: 4-CCE, right: 8-CCE)
Further, in our understanding that the search space could have two candidates like common search space in LTE. Candidate 1 includes CCE0, CCE1, CCE2, CCE3, and candidate 2 includes CCE0, CCE1, … CCE6,CCE7. UE monitors the control channel for RMSI scheduling blindly. Note that it is a tradeoff between scheduling flexibly & blind decoding complexity for two PDCCH candidates design. 
Proposal 1: NR supports FDM based 4-CCE RMSI CORESET and/or 8-CCE RMSI CORESET as shown in Figure 1 . 
Proposal 2: For 4-CCE RMSI CORESET, the only one PDCCH candidate includes CCE0, CCE1, CCE2,CCE3. For 8-CCE RMSI CORESET, UE assumes that two PDCCH candidates need to be monitored (one corresponds to AL =4, and the other one corresponds to AL = 8). Specifically, PDCCH candidate 1 includes CCE0, CCE1, CCE2, and CCE3; PDCCH candidate 2 includes CCE0, CCE1, …,CCE6, CCE7.
3. Summary
In this contribution, we have discussed FDM based RMSI CORESET design. Specific pattern is provided with the following proposals: 
Proposal 1: NR supports FDM based 4-CCE RMSI CORESET pattern and/or 8-CCE RMSI CORESET pattern as in Figure 1 . 
Proposal 2: For 4-CCE RMSI CORESET, the only one PDCCH candidate includes CCE0, CCE1, CCE2,CCE3. For 8-CCE RMSI CORESET, UE assumes that two PDCCH candidates need to be monitored (one corresponds to AL =4, and the other one corresponds to AL = 8). Specifically, PDCCH candidate 1 includes CCE0, CCE1, CCE2, and CCE3; PDCCH candidate 2 includes CCE0, CCE1, …,CCE6, CCE7.
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