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1. Introduction
The contribution provides our views on remaining RMSI design aspects on RMSI CORESET/PDSCH and RMSI monitoring configuration.
2. RMSI CORESET frequency position
The frequency offset between RMSI CORESET and SSB is a frequency difference from the lowest PRB (i.e., PRB0) of RMSI to the lowest PRB (i.e., PRB0) of SSB. Note that this offset is computed after aligning the PRB grid offset.
Proposal 1: The frequency offset between RMSI CORESET and SSB is a frequency difference from the lowest PRB of RMSI to the lowest PRB of SSB after the PRB grid offset is already applied. 
The frequency offset is in the step of an integer multiple of RB(s) w.r.t RMSI SCS and should support the flexibility of sync signal frequency location. Examples of offsets in a step of 1 RB are illustrated in Figure 1 for TDM of SSB and RMSI CORESET and Figure 2 for FDM of SSB and RMSI CORESET, respectively. Since the number of bits for RMSI configuration in PBCH is limited and should be minimized, having an offset in step of 1 RB is not efficient. As the result, we should consider different offset step sizes depending on the SSB SCS, RMSI SCS and RMSI CORESET BW. 
Proposal 2: The frequency offset step is an integer multiple of RB(s) w.r.t RMSI SCS. Furthermore, the frequency offset step size depends on RMSI SCS, SSB SCS and RMSI CORESET BW. 
[image: ]                                       [image: ]                                         [image: ]
(a) RMSI SCS = SSB SCS              (b) RMSI SCS = 0.5*SSB SCS           (c) RMSI SCS = 2*SSB SCS
[bookmark: _Ref498596093]Figure 1: Frequency offset between SSB (after PRB grid offset adjustment) and RMSI CORESET (TDM)
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[bookmark: _Ref498596108]Figure 2: Frequency offset between SSB (after PRB grid offset adjustment) and RMSI CORESET (FDM)
3. [bookmark: _Ref498596677]RMSI CORESET and RMSI PDSCH
The following options for multiplexing RMSI and SSB illustrated in Figure 3 can be considered:
· TDM/TDM: Both RMSI CORESET and PDSCH are TDM’d with SSB
· TDM/FDM: RMSI CORESET is TDM’d with SSB and RMSI PDSCH is FDM’d with SSB
· FDM/FDM: Both RMSI CORESET and PDSCH are FDM’d with SSB
The option where RMSI CORESET is FDM’d with SSB while RMSI PDSCH is TDM’d with SSB requires cross-slot scheduling spanning several slots. This requires an additional special format for PDCCH to convey this signalling.


[bookmark: _Ref498594586]Figure 3: RMSI and SSB multiplexing options

Proposal 3: RMSI CORESET(s) are in the downlink control region of downlink slots for Sub-6. In other word, RMSI CORESET(s) are in the first OFDM symbol or the first 2 OFDM symbols or the first 3 OFDM symbols of downlink slots.
On the association between RMSI CORESET and SSB, the following options have been discussed:
· Option 1: One-to-one mapping between SSB and RMSI CORESET, i.e., one SSB associates with one RMSI CORESET only
· Option 2: One-to-many mapping between SSB and RMSI CORESET, i.e., one SSB associates with multiple RMSI CORESET(s) 
Option 1 has lower UE complexity while Option 2 offers more network flexibility. 
Proposal 4: NR supports one-to-one mapping between SSB and RMSI CORESET. In other word, the RMSI PDCCH monitoring window associated with a SSB contains only one RMSI CORESET associated with the corresponding SSB.
For PDCCH, we showed in [1] that PDCCH with 8 CCEs (e.g., 48 RBs) could achieve 1% BLER at around -6dB with 2 Rx antennas. Also, we showed in  [2] that PDSCH with 12 PRBs with 9 OFDM symbols (i.e., 108 RBs) can reliably carry 250 bits at -6dB with 2 Rx antenna and 4 re-transmissions. Based on PDCCH/PDSCH performance guidelines, we propose various RMSI transmission configuration as provided in Table 3 for below-6GHz and 
Table 4 for above-6GHz. Note that RMSI PDSCH RB scheduling in the tables are just example configurations only i.e., gNB could flexibly schedule PDSCH in PDCCH DCI. Furthermore, we assume the minimum UE bandwidth is 20MHz for Sub-6 and 200MHz for above-6GHz.
[bookmark: _Ref498546230][bookmark: _Hlk498609591]Table 3: RMSI CORESET/PDSCH configuration design for below-6GHz
	[bookmark: _Ref498546316]SSB SCS
(kHz)
	RMSI SCS
(kHz)
	MUX 
(Ctrl & Data)
	Min. channel BW
(MHz)
	RMSI CORESET BW (RB)
	RMSI CORESET BW (MHz)
	RMSI Ctrl 
(# OFDM)
	RMSI PDSCH
(RB)
	RMSI Dat 
(# OFDM)
	# RMSI per slot
	RMSI in DL slots with SSB?

	15
	15
	TDM/TDM
	5
	24
	4.32
	2
	24
	≥ 4
	1
	No

	
	
	TDM/FDM
	10
	48
	8.64
	1
	28
	4
	2
	Yes

	
	30
	TDM/TDM
	10
	24
	8.64
	2
	24
	≥ 4
	1
	No

	
	
	TDM/FDM
	20
	48
	17.28
	1
	30
	3 - 4
	2
	Yes

	30
	30
	TDM/TDM
	10
	24
	8.64
	2
	24
	4
	1
	No

	
	
	TDM/FDM
	20
	48
	17.28
	1
	30
	3 - 4
	2
	Yes

	
	15
	TDM/TDM
	10
	48
	8.64
	1
	48
	2
	2
	No


[bookmark: _Ref498594810]
[bookmark: _Hlk498693242]Table 4: RMSI CORESET/PDSCH configuration design for above-6GHz
	SSB SCS
(kHz)
	RMSI SCS
(kHz)
	MUX 
(Ctrl & Data)
	Min. channel BW
(MHz)
	RMSI CORESET BW (RB)
	RMSI CORESET BW (MHz)
	RMSI Ctrl 
(# OFDM)
	RMSI PDSCH
(RB)
	RMSI Data 
(# OFDM)
	# RMSI per slot
	RMSI in DL slots with SSB?
	Overhead in Slots beyond SS Block Slots
(64 beams)

	120
	120
	TDM/TDM
	50
	24
	34.56
	2
	24
	5
	1
	No
	64

	
	
	FDM/FDM
	200
	48
	69.12
	1
	48
	2-3
	2
	Yes
	0

	
	
	TDM/FDM
	200
	48
	69.12
	1
	48
	2-4
	2
	Yes
	0

	
	60
	TDM/TDM
	50
	48
	34.56
	1
	64
	2
	2
	No
	32 

	
	
	FDM/FDM
	200
	108
	77.76
	1
	108
	1
	4
	Yes
	0

	240
	120
	TDM/TDM
	100
	48
	69.12
	1
	48
	2-3
	2
	No
	32

	
	
	FDM/FDM
	400
	108
	155.52
	1
	108
	1
	4
	Yes
	0

	
	60
	TDM/TDM
	100
	48
	34.56
	1
	48
	2
	2
	No
	32



[bookmark: _GoBack]TDM/TDM mode will have to be supported especially for deployments with small spectrum allocation such as 50Mhz. One requires at least 2 OFDM symbols for control and RMSI CORESET should be in a slot that does not contain the SS block. The drawback of TDM is additional overhead for RMSI in addition to the SS block, of the order of 64 slots for 64 beams, for limited spectrum deployment. For a deployment having sufficiently larger spectrum such as 200Mhz, RMSI CORESET can be FDM with SS block, such as shown in row 2. This shows that both TDM and FDM modes, will have to be supported, based on the deployment scenario, and spectrum availability. For the 120/60 and 240/120 SCS (in row 5 and row 7), a RMSI CORESET BW of 108 can be supported when the available spectrum is 200Mhz/400Mhz respectively. This has the benefit of avoiding RMSI overhead in the slots where the SS blocks are not present. 
Proposal 5: The RMSI CORESET configuration for below-6GHz

	SSB SCS (kHz)
	RMSI SCS (kHz)
	RMSI CORESET BW (RB)
	# OFDM symbols per CORESET
	# RMSI CORESET per slot
	CORESET in DL control region?
	FDM’d with SSB?

	15
	15
	24
	2
	1
	Yes
	No

	15
	15
	48
	1
	2
	Yes
	No

	15
	30
	24
	2
	1
	Yes
	No

	15
	30
	48
	1
	2
	Yes
	No

	30
	30
	24
	2
	1
	Yes
	No

	30
	30
	48
	1
	2
	Yes
	No

	30
	15
	24
	2
	1
	Yes
	No

	30
	15
	48
	1
	2
	Yes
	No

	120
	120
	24
	2
	1
	Yes
	No

	120
	120
	48
	1
	2
	No
	Yes

	120
	60
	48
	1
	2
	Yes
	No

	120
	60
	108
	1
	4
	No
	Yes

	240
	120
	48
	1
	2
	Yes
	No

	240
	120
	108
	1
	4
	No
	Yes

	240
	60
	48
	1
	2
	Yes
	No



4. RMSI timing configuration
4.1. RMSI PDCCH monitoring window periodicity
The RMSI PDCCH monitoring periodicity should not be signalled in PBCH since the number of bits in PBCH for signalling RMSI configuration is very limited. We can apply the same SSB periodicity signalling principles for designing RMSI periodicity signalling.
Proposal 6: The RMSI PDCCH monitoring window periodicity is not signaled in PBCH. In particular, a default periodicity is defined in the specification. 
· The default periodicity is [20]ms for below-6GHz and [20]ms for above-6GHz.
· UE assumes a default periodicity when UE performs initial access.
· NW can configure a periodicity when UE is in Idle and Connected state if multiple periodicity values are supported in NR. UE assumes a default periodicity if no periodicity configuration is provided to UE.

4.2. RMSI PDCCH monitoring window timing offset
When RMSI is only transmitted in the downlink slots with SSBs (e.g., TDM/FDM or FDM/FDM multiplexing options), the RMSI timing can be inferred from SSB timing based on the RMSI CORESET configuration in PBCH. However, When RMSI is only transmitted in the downlink slots without SSBs (e.g., TDM/TDM multiplexing option), UE needs to know the timing offset between RMSI CORESET timing to SSB timing. Again, this timing offset could be fixed in the specification to avoid an overhead in PBCH.

Proposal 7: The timing offset from the beginning of 1st RMSI PDCCH monitoring window to the 1st SSB timing is fixed in the specification. Furthermore, the timing offsets from other monitoring windows to the 1st RMSI PDCCH monitoring window are also fixed in the specification.
5. [bookmark: _Toc497414086]SSB and associated RMSI(s) in wideband operation
For wideband operation, there are two types of SS blocks:
· Cell defining SSB which has an associated RMSI
· Measurement SSB which does not define a cell
Note that in wide operation, multiple SS blocks could define a same cell, which could reduce the cell search latency. The following options have been discussed:
· Option 1 (one-to-one association): one cell defining SS block is pointed to one associated RMSI. In addition, no more than one cell defining SS block is associated to the same RMSI. 
· Option 2 (many-to-one association): more than one cell defining SS block is pointed to the same RMSI
One major issue with Option 2 is that it could lead to a very high overhead to signal the RMSI CORESET frequency location. 
 Proposal 8: 
· All measurement SS blocks do not have associated RMSI(s). A reserved RMSI CORESET configuration is signaled in PBCH payload to indicate the RMSI absence.
· Each RMSI is associated with one cell defining SS block only. In other words, no more than one cell defining SS block shares the same RMSI.
6. Conclusions
The contribution provides our design on multi-beam RMSI transmission, FDM of SS block and RMSI, RMSI CORESET design. The following proposals have been made:
Proposal 1: The frequency offset between RMSI CORESET and SSB is a frequency difference from the lowest PRB of RMSI to the lowest PRB of SSB after the PRB grid offset is already applied. 
Proposal 2: The frequency offset step is an integer multiple of RB(s) w.r.t RMSI SCS. Furthermore, the frequency offset step size depends on RMSI SCS, SSB SCS and RMSI CORESET BW. 
Proposal 3: RMSI CORESET(s) are in the downlink control region of downlink slots for Sub-6. In other word, RMSI CORESET(s) are in the first OFDM symbol or the first 2 OFDM symbols or the first 3 OFDM symbols of downlink slots.
Proposal 4: NR supports one-to-one mapping between SSB and RMSI CORESET. In other word, the RMSI PDCCH monitoring window associated with a SSB contains only one RMSI CORESET associated with the corresponding SSB.
Proposal 5: The RMSI CORESET configuration for below-6GHz

	SSB SCS (kHz)
	RMSI SCS (kHz)
	RMSI CORESET BW (RB)
	# OFDM symbols per CORESET
	# RMSI CORESET per slot
	CORESET in DL control region?
	FDM’d with SSB?

	15
	15
	24
	2
	1
	Yes
	No

	15
	15
	48
	1
	2
	Yes
	No

	15
	30
	24
	2
	1
	Yes
	No

	15
	30
	48
	1
	2
	Yes
	No

	30
	30
	24
	2
	1
	Yes
	No

	30
	30
	48
	1
	2
	Yes
	No

	30
	15
	24
	2
	1
	Yes
	No

	30
	15
	48
	1
	2
	Yes
	No

	120
	120
	24
	2
	1
	Yes
	No

	120
	120
	48
	1
	2
	No
	Yes

	120
	60
	48
	1
	2
	Yes
	No

	120
	60
	108
	1
	4
	No
	Yes

	240
	120
	48
	1
	2
	Yes
	No

	240
	120
	108
	1
	4
	No
	Yes

	240
	60
	48
	1
	2
	Yes
	No



Proposal 6: The RMSI PDCCH monitoring window periodicity is not signaled in PBCH. In particular, a default periodicity is defined in the specification. 
· The default periodicity is [20]ms for below-6GHz and [20]ms for above-6GHz.
· UE assumes a default periodicity when UE performs initial access.
· NW can configure a periodicity when UE is in Idle and Connected state if multiple periodicity values are supported in NR. UE assumes a default periodicity if no periodicity configuration is provided to UE.

Proposal 7: The timing offset from the beginning of 1st RMSI PDCCH monitoring window to the 1st SSB timing is fixed in the specification. Furthermore, the timing offsets from other monitoring windows to the 1st RMSI PDCCH monitoring window are also fixed in the specification.
Proposal 8: 
· All measurement SS blocks do not have associated RMSI(s). A reserved RMSI CORESET configuration is signaled in PBCH payload to indicate the RMSI absence.
· Each RMSI is associated with one cell defining SS block only. In other words, no more than one cell defining SS block shares the same RMSI.
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5. Related Agreements
RAN1-90b had made the following agreements: 
	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
· Note: QCL per CORESET vs. search space is up to control session’s decision.
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