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Introduction
In RAN1#90bis meeting, a few RMSI CORESET configuration agreements were made [1]
Agreements:
· 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 CORESET containing PDCCH scheduling RMSI supports at least the same bandwidth as SS/PBCH (e.g.,[24 PRBs]).

Agreements:
· The initial active DL BWP is defined as frequency location and bandwidth of RMSI CORESET and numerology of RMSI.
· PDSCH delivering 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

Agreements:
· There is an RMSI PDCCH monitoring window associated with an SS/PBCH block, which recurs periodically.
· Each window has duration of x consecutive slot(s).
· FFS: x is e.g., 1/2/4
· FFS: whether x is frequency band dependent
· FFS: whether x is configured in PBCH.
· The period, y, of the monitoring window can be the same as or different from the period of the SS/PBCH block burst set.
· FFS: y is e.g., 10/20/40/80/160 ms
· FFS: whether y is frequency band dependent
· FFS: whether y is configured in PBCH
· FFS: whether y is dependent on RMSI TTI
· FFS: whether there is a dependency between the period of the monitoring window and the period of the SS/PBCH block burst set.
· FFS: whether it is allowed to configure the overlapping monitoring windows associated with different SS/PBCH blocks
· FFS: Monitoring window time offset 
· From RAN1’s perspective, the considered values of the RMSI TTI for down-selection are 80ms and 160ms.

In RAN1 NR Ad-hoc#3 meeting, CORESET configuration for RMSI was discussed and following agreements were made [2]
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 [3]
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:
· Discuss further whether NR supports FDM between SS/PBCH block and CORESET/NR-PDSCH
· CORESET is designed at least for TDM

In this contribution, we will discuss remaining RMSI delivery and the related CORESET configuration.

Discussion
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 RMSI. In RAN#90, it was agreed that TDM multiplexing between SS Block and CORESET for RMSI is supported. In RAN#90bis FDM multiplexing between SS Block and CORESET for RMSI has been agreed for some special cases. In that case, when the system bandwidth is larger than the minimum system bandwidth, RMSI 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 RMSI CORESET exactly the same as that of the corresponding to 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. 
In general, the configuration parameters of RMSI CORESET should include at least:
· Frequency offset relative to SS/PBCH Block
· Bandwidth 
· A set of consecutive OFDM symbols
· Starting symbol offset with respect to SS/PBCH Block
·  Transmission periodicity and TTI
· Timing configuration(including monitor window periodicity and duration)
When the limited payload size of NR PBCH, inter-cell inference and flexible configuration are considered, a part of configuration parameters (e.g. Transmission periodicity, TTI, Timing configuration etc.) can be specified in the specification.  However, the rest of parameters can be indicated by a field in NR-PBCH pointing to an index in a table of candidate configuration sets. Preferably, the table would jointly signal all essential configuration parameters that should not be fixed by specifications to provide operational flexibility. 
In 3GPP RAN1#90bis meeting, it was agreed as working assumption that NR PBCH contents, except the SSB index, should be the same for all SS/PBCH blocks within an SSB burst set for the same centre frequency. Thus, it is reasonable to assume that for all of the RMSI CORESETs associated with the SS/PBCH blocks within an SSB burst set for the same centre frequency, have the same settings for the bandwidth and frequency position as well as the number of the consecutive symbols duration regardless whether RMSI CORSETs are multiplexed with SS/PBCH blocks in FDM or TDM.
Proposals 1: All of the RMSI CORESETs associated the SS/PBCH blocks within an SSB burst set for the same centre frequency should have the same settings for the following properties regardless whether RMSI CORSETs are multiplexed with SS/PBCH blocks in FDM or TDM, namely,  
· the same  bandwidth
· the same frequency position 
· the same number of consecutive OFDM symbols

The SS/PBCH Block and RMSI CORESET can have the same subcarrier spacing (SCS) or different subcarrier spacing (SCS). Thus, it has made the agreement to support the combinations of SS/PBCH Block and RMSI CORESET shown in Table 1.
Table 1: the combination of SS/PBCH Block SCS and RMSI SCS
	Combination Number
	{SSB SCS (kHz), RMSI SCS (kHz)}

	1
	{15, 15}

	2
	{15, 30}

	3
	{30, 15}

	4
	{30, 30}

	5
	{120, 60}

	6
	{120, 120}

	7
	{240, 60}

	8
	{240, 120}



We give our proposals of RMSI CORESET configuration in both FDM and TDM manner between SS/PBCH Block and RMSI CORESET based on SCS combinations as shown in Table 1.
FDM between SS/PBCH Block and RMSI CORESET
Figures 1, 2, 3 and 4 illustrate the possible RMSI CORESET configurations in FDM cases for the combination of the SSB SCS and RMSI SCS shown in Table 1.


Figure 1 Illustration of RMSI CORESET configuration in FDM cases when the SSB SCS and RMSI SCS are the same
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Figure 2 Illustration of RMSI CORESET configuration in FDM cases when {SSB SCS, RMSI SCS} ={15 kHz, 30 kHz}
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Figure 3 Illustration of RMSI CORESET configuration in FDM cases when the SSB SCS is twice of the RMSI SCS
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Figure 4 Illustration of RMSI CORESET configuration in FDM cases when {SSB SCS, RMSI SCS} ={240 kHz, 60 kHz}

Bandwidth and the number of consecutive OFDM symbols
Considering that for reliable delivery of the RMSI PDCCH, the total number of PRBs for RMSI PDCCH should be at least 48 PRBs to support a PDCCH candidate of aggregation level (AL) 8, we suggest to have the candidate values of the total number of PRBs for RMSI PDCCH as {48, 72, 96} PRBs. 

Proposal 2: When an RMSI CORESET is FDMed with the corresponding SS/PBCH block, the following pairs of {RMSI CORESET bandwidth, the number of consecutive OFDM symbols} shown in Table 2 are supported in RMSI CORESET configuration,
Table 2: The combination of RMSI CORESET bandwidth and the number of consecutive OFDM symbols in FDM manner
	Combination Number
	Number of consecutive OFDM symbols
	RMSI CORESET bandwidth (PRBs)
	Comments

	1
	1
	{48, 72, 96}
	

	2
	2
	{24, 36, 48}
	Not supported if {SSB SCS, RMSI SCS} = {240, 60} kHz

	3
	3
	{16, 24, 32}
	Not supported if SSB SCS larger than RMSI SCS

	4
	4
	{12, 18, 24}
	Not supported if SSB SCS larger than RMSI SCS

	5
	6
	{8, 12, 16}
	For {SSB SCS, RMSI SCS} = {15, 30} kHz only

	6
	8
	{6, 9, 12}
	For {SSB SCS, RMSI SCS} = {15, 30} kHz only



RMSI CORESET Frequency Position
The following discussion of RMSI CORESET frequency position apply to all of the cases when the SSB SCS and RMSI SCS are the same or different.
It was agreed that the RMSI CORESET frequency position will be specified with frequency offset relative to SS/PBCH block. However, there can be still various ways to specify frequency offset. For example, it can be the offset between the frequency centres between the SS/PBCH block and the CORESET; it can be the offset between the starting/ending subcarrier indexes between the edge SS/PBCH block and the CORESET. 
For FDM cases, we may consider the three relative positions in frequency as shown in Figure 1. 
· Figure 1 (a) presents the case where the RMSI CORESET and associated SSB share the same centre frequency
· Figure 1 (b) shows the case where RMSI CORESET is placed above the associated SSB 
· Figure 1 (c) shows the case where RMSI CORESET is placed below the associated SSB 

Figure 1 (a) could be a most common use case for supporting FDM RMSI CORESET. Figure 1 (b) and Figure 1 (c) may be useful for special deployment scenarios, e.g., when it is desirable to place the SSBs at special locations, e.g., further away from the carrier edge in wideband operation.
Proposal 3: For FDM case, NR supports the following relative frequency position between RMSI CORESET and the associated SS/PBCH block,
· RMSI CORESET and associated SS/PBCH block share the same centre frequency. Half of the CORESET PRBs are placed above the associated SS/PBCH block and the other half of the CORESET PRBs are placed below bottom of the associated SS/PBCH block;
· RMSI CORESET PRBs are placed above the associated SS/PBCH block;
· RMSI CORESET PRBs are placed below the associated SS/PBCH block.

To minimize the number of bits used for the RMSI CORESET configuration, the unit for the frequency offset ‘c’ in Figure 1 can be multiple PRBs instead of a PRB, in order to support the frequency band with large UE minimum bandwidth. The unit of the offset ‘c’ in Figure 1 can be defined depending on the carrier frequency in the specification. It can be set to different values for different frequency ranges, e.g., different values for sub-6GHz and above-6GHz. It may also be set differently for different frequency band based on, e.g., the UE minimum bandwidth or the maximum carrier frequency of the on frequency band. In addition, considering that for UE-specific RRC signalling a CORESET frequency domain allocation uses resource block group (RBG) bitmap where each RBG where each RBG = 6 PRBs, the unit for the frequency offset ‘c’ in Figure 1 may also be defined as a multiple of 6 PRBs.
Proposal 4: The unit of the frequency offset ‘c’ in terms of PRB can be predefined in the specification. It can be defined differently for different frequency ranges, or for different frequency bands. For example, for carrier band with small the UE minimum bandwidth, the unit of the frequency offset ‘c’ can be 1 PRB. For carrier band with large UE minimum bandwidth, the unit of the frequency offset ‘c’ can be multiple PRBs, or a multiple of 6 PRBs. 
The frequency offset indication ‘c’ can also be defined by only 1 bit with two values {0, 1}. If the c=0, there is no frequency offset, as shown in Figure 5.

[bookmark: _Ref498075280]Figure 5   Illustration of RMSI CORESET configuration in FDM cases with 1 bit ‘c’ and ‘c’=0
If the c=1, the RMSI CORESET and corresponding SSB are placed as shown in Figure 6 starting from the edge of the UE minimum bandwidth.

[bookmark: _Ref498075484]Figure 6   Illustration of RMSI CORESET configuration in FDM cases with 1 bit ‘c’ and ‘c’=0

Proposal 5: The frequency offset indication can also be defined by 1 bit with the value {0, 1} only. When ‘c’=0, there will be no frequency gap between the RMSI CORESET and its corresponding SS/PBCH block. When ‘c’=1, the RMSI CORESET and its corresponding SS/PBCH block will occupy whole UE minimum bandwidth with the maximum frequency gap(s) between the between RMSI CORESET and its corresponding SS/PBCH block.

The starting OFDM symbol of RMSI CORESET
To minimize the number of bits used for the RMSI CORESET configuration, the starting OFDM symbol of RMSI CORESET relative to the corresponding SSB can be set to a fixed value in the specification for FDM case. A reasonable design is to align the starting OFDM symbol of RMSI CORESET always to the starting OFDM symbol of corresponding SS/PBCH block, or to align the ending OFDM symbol of RMSI CORESET always to the ending OFDM symbol of corresponding SS/PBCH block. In this way, the RMSI CORESET OFDM symbols will always be within the SS/PBCH block OFDM symbols.
Proposal 6: The starting OFDM symbol of RMSI CORESET relative to the corresponding SSB can be set to a fixed value in the specification. When an RMSI CORESET is FDMed with the corresponding SS/PBCH block, either the starting OFDM symbol of RMSI CORESET is always set to be aligned with the starting OFDM symbol of corresponding SS/PBCH block, or the ending OFDM symbol of RMSI CORESET is always set to be aligned with the ending OFDM symbol of corresponding SS/PBCH block.

TDM between SS/PBCH Block and RMSI CORESET
Bandwidth and the number of consecutive OFDM symbols
For TDM case, the CORESET duration is limited to a few OFDM symbols due to the limitation of the available OFDM symbols in the SSB slot for each RMSI CORESET. To reduce the number of bits for CORESET configuration, it might be better to configure the pairs of {RMSI CORESET bandwidth, the number of consecutive OFDM symbols} based on the required total number of PRBs for an RMSI CORESET, instead of defining RMSI CORESET bandwidth and the number of consecutive OFDM symbols separately.
Consider that for reliable delivery of the RMSI PDCCH, the total number of PRBs for RMSI PDCCH should at least 48 PRBs, we propose here to have the candidate values of the total number of PRBs for RMSI PDCCH as {48, 72, 96} PRBs.
Proposal 7: When an RMSI CORESET is TDMed with the corresponding SS/PBCH block, the following pairs of {RMSI CORESET bandwidth, the number of consecutive OFDM symbols} shown in Table 3 are supported in RMSI CORESET configuration,
Table 3: The combination of RMSI CORESET bandwidth and the number of consecutive OFDM symbols in TDM manner

	Combination Number
	Number of consecutive OFDM symbols
	RMSI CORESET bandwidth (PRBs)
	Comments

	1
	1
	{48, 72, 96}
	

	2
	2
	{24, 36, 48}
	Not supported if {SSB SCS, RMSI SCS} = {240, 60} kHz

	3
	3
	{16, 24, 32}
	Not supported if SSB SCS larger than RMSI SCS.

	4
	4
	{12, 18, 24}
	Not supported if SSB SCS larger than RMSI SCS.



RMSI CORESET Frequency Position
RMSI CORESET frequency position can be specified with frequency offset relative to SSB. For TDM cases, the three relative positions in frequency are shown in Figure 7.
· Figure 7 (a) presents the case where the RMSI CORESET and associated SSB share the same centre frequency;
· Figure 7 (b) shows the case where the center frequency of the RMSI CORESET is above the center frequency of the associated SSB;
· Figure 7 (c) shows the cases where the center frequency of the RMSI CORESET is below the center frequency of the associated SSB.


[image: ]
Figure 7 Illustration of relative frequency position between RMSI CORESET and the SSBs in TDM case

To minimize the number of bits used for the RMSI CORESET configuration, the unit for the frequency offset ‘c’ in Figure 7 should be defined in the specification instead of configured in PBCH. The unit of the offset ‘c’ can be defined as carrier frequency dependent. For example, it may also be defined to different values for different frequency ranges, e.g., different values for sub-6GHz and above-6GHz, or for different frequency bands.
Proposal 8: The unit of the frequency offset ‘c’ between the RMSI CORESET and its corresponding SSB can be predefined in the 3GPP specification as a unit of PRB or multiple PRBs. It can be defined differently for different frequency ranges, and/or for different frequency bands, For example, for carrier band with small the UE minimum bandwidth, the unit of the frequency offset ‘c’ can be 1 PRB. For carrier band with large UE minimum bandwidth, the unit of the frequency offset ‘c’ can be multiple PRBs, such as 6 PRBs.
The frequency offset indication ‘c’ can also be defined by with a few specific values without unit. For example, ‘c’= {0, 1, 2} can be used to represent the three relative positions between the RMSI CORESET and corresponding SSB as shown in Figure 8, where ‘c’=0, ‘c’=1 and ‘c’=2 indicates the centre frequencies of the CORESET and the SSBs are the same, the CORESET and the SSBs have the same staring subcarrier; and the CORESET and the SSBs have the same ending subcarrier, respectively.
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Figure 8 Illustration of relative RMSI CORESET and SS/PBCH frequecy positions in TDM case with frequency offset indication ‘c’ = {0, 1, 2},  

Proposal 9: The relative positions between the RMSI CORESET and corresponding SSB can be also defined with frequency offset indication ‘c’, where ‘c’=0, ‘c’=1 and ‘c’=2 indicates the centre frequencies of the CORESET and the SSBs are the same, the CORESET and the SSBs have the same staring subcarrier; and the CORESET and the SSBs have the same ending subcarrier, respectively.

RMSI CORESET Time Positions
In NR, the transmission patterns of SSBs depend on the subcarrier spacing (SCS) of the SSBs. The ODFM symbols in SSB slot available for the RMSI CORSET also depend on the SSB transmission patterns. Thus, the RMSI CORESET time positions depend on also the SSB transmission patterns.
Case 1: SSB SCS 15 kHz
For the transmission of SSBs with 15 KHz subcarrier spacing, the transmission pattern for candidate SS/PBCH blocks are as follows: the first symbols of the candidate SS/PBCH blocks have indexes of {2, 8} + 14*n, as shown in Figure 9(a). For carrier frequencies smaller than or equal to 3 GHz, n=0, 1. For carrier frequencies larger than 3 GHz and smaller than or equal to 6 GHz, n=0, 1, 2, 3.
With the transmission of SSBs with 15 KHz subcarrier spacing, the RMSI CORSET SCS can be configured as 30 kHz. Figure 9(b) presents the proposed time locations of the RMSI CORESET when the RMSI CORSET SCS is configured as 30 kHz.
[image: ]
Figure 9 SSB Transmission pattern and RMSI CORESET locations when SSB SCS is 15 kHz and RMSI CORESET SCS is 30 kHz

When the SCS of the SSBs is 15 kHz SCS and the SCS of the RMSI CORESET is 30 kHz, the following configurations are proposed for the OFDM symbol locations:
· For all SSBs, the corresponding RMSI CORESETs are placed right before their SSB; 
· For all SSBs, the corresponding RMSI CORESETs are placed right after their SSB;
· For all SSBs with an even SSB index, its RMSI CORESET is placed right before the SSB; for an SSB with an odd SSB index, its RMSI CORESET is placed immediate after the SSB.

Case 2: SSB SCS 30 kHz and 120 kHz 
For the transmission of SSBs with 30 KHz and 120kHz subcarrier spacings (SCSs), 3GPP defines the SSB transmission pattern as follows: the first OFDM symbols of the candidate SSBs have indexes {4, 8, 16, 20} + 28*n  (n=0 for carrier frequency up to 3 GHz; n=0,1 for carrier frequency up to 6 GHz) as shown in Figure 10. 
When the SSBs are transmitted with 30 kHz or 120 kHz SCS, the RMSI CORSET SCS can be configured to be the same as the SSB SCS. Figure 10 presents the proposed time locations of the RMSI CORESET for the cases, where ‘B’ is the duration of the CORESET, which can be either 1 OFDM symbol or 2 OFDM symbols. As shown in Figure 10, the RMSI CORESET corresponding to an SSB with an even index is placed right before the corresponding SSB; and the RMSI CORESET corresponding to an SS/PBCH with an odd index is placed right after the corresponding SSB.
[image: ]

Figure 10 SSB Transmission pattern and RMSI CORESET locationsfor 30 kHz and 120 kHz SCSs  (SSBs and RMSI CORSET have the same SCS)

For 30 kHz and 120 kHz SCS SSB burst set, if the configured RMSI CORESET SCS is the same as the SSB SCS, the following configuration is proposed for the RMSI CORESET OFDM symbol locations:
· For an SSB with an even SSB index, its RMSI CORESET is placed right before the SSB; For an SSB with an odd SSB index, its RMSI CORESET is placed immediate after the SSB.

When the SSBs are transmitted with 30 kHz, the RMSI CORSET SCS can be also configured to be 15 kHz. Similarly, when the SSBs are transmitted with 120 kHz, the RMSI CORSET SCS can also be configured to be 60 kHz. Figure 11 presents the proposed time locations of the RMSI CORESET for these cases, where ‘B’ is the duration of the CORESET, which can only be 1 OFDM symbol.
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Figure 11 SSB Transmission pattern and RMSI CORESET locations when SSB SCS is 30 kHz (or 120kHz) and RMSI CORESET SCS is 15 kHz (or 60 kHz)

For 30 kHz (or 120 kHz) SCS SSB burst set, if the configured RMSI CORESET SCS is 15 kHz (or 60 kHz), the duration of the CORESET is configured as 1 OFDM symbol only. The following configuration is proposed for the RMSI CORESET OFDM symbol locations, as shown in Figure 11,
· Configuration 1: For all SSBs, the corresponding RMSI CORESETs are placed before their SSB; The starting OFDM symbol of a CORESET is ahead of the starting OFDM symbol of the corresponding SSB by the offset that is calculated as follows: 
· For mod(SSB Index,4)={0,2}, the offset = 2;
· For mod(SSB Index,4)={1,3}, the offset = 5;
· Configuration 2: For all SSBs, the corresponding RMSI CORESETs are placed right after their SSB. The starting OFDM symbol of a CORESET is behind of the starting OFDM symbol of the corresponding SSB by the offset that is calculated as follows:
· For mod(SSB Index,4)={0,2}, the offset = 9
· For mod(SSB Index,4)={1,3}, the offset = 5;
· Configuration 3: For an SSB with even index, its RMSI CORESET is placed immediate before the SSB. For an SSB with odd index, its RMSI CORESET is placed immediate after the SSB.

Case 3: SSB SCS 240 kHz
For 240 KHz subcarrier spacing, the first OFDM symbols of the candidate SSBs have indexes {8, 12, 16, 20, 32, 36, 40, 44} + 56*n (n=0, 1, 2, 3, 5, 6, 7, 8). Figure 12 presents the proposed time locations of the RMSI CORESET. When the SSBs are transmitted with 240 kHz, the RMSI CORSET SCS can be configured either as 60 kHz or 120 kHz as shown in Figure 12(a).
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 Figure 12 SSB Transmission pattern with SCS of 240 kHz, RMSI CORESET locations when RMSI CORESET SCS is 120kHz  and 60 kHz.
Figure 12(b) presents the proposed time locations of the RMSI CORESET when RMSI CORESET SCS is 120 kHz if SSBs are transmitted in all candidate SSB positions. 
· For 240 kHz SCS SSB burst set, if the configured RMSI CORESET SCS is 120 kHz, the duration of the CORESET is configured as 1 OFDM symbol only. The following configuration is proposed for the RMSI CORESET OFDM symbol locations, as shown in Figure 12(b):
· Configuration 1: For all SSBs, the corresponding RMSI CORESETs are placed before their SSB; The starting OFDM symbol of a CORESET is ahead of the starting OFDM symbol of the corresponding SSB by the offset that is calculated as follows: 
· For mod(SSB Index,4)=n, the offset = (4-n) + 2*n OFDM symbols of 120 kHz SCS;
· Configuration 2: For all SSBs, the corresponding RMSI CORESET are placed right after their SSB. The starting OFDM symbol of a CORESET is behind of the starting OFDM symbol of the corresponding SSB by the offset that is calculated as follows:
· For mod(SSB Index,4)=n, the offset = n + 2*(4-n) OFDM symbols of 120 kHz SCS;
· Configuration 3: For SSBs with mod (SSB Index, 4)={0,1}, their RMSI CORESET are placed before the SSBs. The starting OFDM symbol of a CORESET is ahead of the starting OFDM symbol of the corresponding SSB by the offset that is calculated as follows:
· For mod(SSB Index,4)={0,1}, the offset ={2,3} OFDM symbols of 120 kHz SCS;
For SSBs with mod(SSB Index,4)={2,3}, their RMSI CORESET are placed behind of the SSBs. The starting OFDM symbol of a CORESET is behind of the starting OFDM symbol of the corresponding SSB by the offset that is calculated as follows:
· For mod(SSB Index,4)={2,3}, the offset = {4, 3} OFDM symbols of 120 kHz SCS;

When SSB SCS is 240 kHz and RMSI SCS is 60 kHz, there are 8 candidate SSBs but only 6 OFDM symbols with 60 kHz SCS available for RMSI CORESET. If SSBs are transmitted in all candidate SSB positions, it is proposed that the RMSI CORESETs associated with two SSBs share the same OFDM symbol as shown in Figure 12(c).
· For 240 kHz SCS SSB burst set, if the configured RMSI CORESET SCS is 60 kHz, the duration of the CORESET is configured as 1 OFDM symbol only, and each RMSI CORESET may be configured with bandwidth of {48, 72, 96} PRBs depending on the UE minimum carrier bandwidth for the given frequency band. The following configuration is proposed for the RMSI CORESET OFDM symbol locations, as shown in Figure 12(c):
· Configuration 1: For all SSBs, the corresponding RMSI CORESETs are placed before their SSBs; The starting OFDM symbol of a CORESET is ahead of the starting OFDM symbol of the corresponding SSB by the offset that is calculated as follows: 
· For mod(SSB Index,4)=n={0, 1}, the offset = 2+n OFDM symbols of 60 kHz SCS;
· For mod(SSB Index,4)=n={2, 3}, the offset = 1+n OFDM symbols of 60 kHz SCS;
· Configuration 2: For all SSBs, the corresponding RMSI CORESETs are placed after their SSBs. The starting OFDM symbol of a CORESET is behind of the starting OFDM symbol of the corresponding SSB by the offset that is calculated as follows:
· For mod(SSB Index,4)=n={0, 1}, the offset = 4 - n OFDM symbols of 60 kHz SCS;
· For mod(SSB Index,4)=n={2, 3}, the offset = 5- n OFDM symbols of 60 kHz SCS;
· Configuration 3: For SSBs with mod(SSB Index,4)={0,1}, the starting OFDM symbol of a CORESET is ahead of the starting OFDM symbol of the corresponding SSB by the offset that is calculated as follows:
· For mod(SSB Index,4)=n={0,1}, the offset = n + 1 OFDM symbols of 60 kHz SCS;
For SSBs with mod(SSB Index,4)={2,3}, the starting OFDM symbol of a CORESET is behind of the starting OFDM symbol of the corresponding SSB by the offset that is calculated as follows:
· For mod(SSB Index,4)={2,3}, the offset = 4 - n OFDM symbols of 60 kHz SCS;

Due to the limitation of the available OFDM symbols in an SSB slot, if all candidate SSBs are transmitted with SSB SCS is 240 kHz, each RMSI CORESET of 120 kHz SCS can only have one OFDM symbol, and  every two RMSI CORESETs with 60 kHz SCS need to share one OFDM symbol. To increase the number of available OFDM symbols in an SSB slot for RMSI CORESET, and thereby the reliability of the RMSI CORSET, we propose to skip the transmission of one SSB for every 8 candidate SSBs when SSB is 240 kHz, which will allow each RMSI CORESET of 120 kHz SCS to have two OFDM symbols, and each RMSI CORSET of 60 kHz SCS has one OFDM symbol. The examples of skipping the SSB with mod (SSB Index, 8) = 7 are illustrated in Figure 13.
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 Figure 13 SSB Transmission pattern with SCS of 240 kHz, RMSI CORESET locations when RMSI CORESET SCS is 120kHz and 60 kHz when the transmissoin of one candidate SSB is skipped.

When the SSB SCS is 240 kHz, we propose to skip the transmission of one candidate SSB in order to increase the number of available OFDM symbols for each RMSI CORESET. With this approach, the RMSI CORESET of 120 kHz SCS can have two OFDM symbols, and the RMSI CORESET of 60 kHz SCS can have one OFDM symbol.
Figure 13(b) shows as an example that the transmission of the candidate SSBs with mod(SSB index, 7) are skipped for SSBs with 240 kHz SCS with the configured RMSI CORESET SCS is 120 kHz, The duration of the CORESET can be configured as B={1 or 2} OFDM symbols. 
· For SSBs with mod(SSB Index, 8)=n={0, 1}, the corresponding RMSI CORESETs are placed before their SSBs; The starting OFDM symbol of a CORESET is ahead of the starting OFDM symbol of the corresponding SSB by the following offset : 
· the offset = (2-n)*B + 2*n OFDM symbols of 120 kHz SCS;
· For SSBs with mod (SSB Index, 8) =n= {2, 3}, the corresponding RMSI CORESETs are placed after their SSBs. The starting OFDM symbol of a CORESET is behind of the starting OFDM symbol of the corresponding SSB by the following offset:
· the offset = 2*(4 – n) + (n-2)*B  OFDM symbols of 120 kHz SCS;
· For SSBs with mod (SSB Index, 8) =n= {4, 5,6}, the corresponding RMSI CORESETs are placed after their SSBs. The starting OFDM symbol of a CORESET is behind of the starting OFDM symbol of the corresponding SSB by the following offset:
· the offset = 2*(7– n) + (n-4)*B  OFDM symbols of 120 kHz SCS;

Figure 13(c) shows as another example that the transmission of the candidate SSBs with mod(SSB index, 7) are skipped for SSBs with 240 kHz SCS with the configured RMSI CORESET SCS is 60 kHz, The duration of the CORESET can be configured as B=1 OFDM symbol. 
· For SSBs with mod(SSB Index,8)=n={0, 1}, the starting OFDM symbol of the RMSI CORESET is ahead of the starting OFDM symbol of the corresponding SSB by the offset of 2 OFDM symbols of 60 kHz SCS;
· For SSBs with mod(SSB Index,8)=n={2, 3}, the starting OFDM symbol of the CORESET is behind of the starting OFDM symbol of the corresponding SSB by the offset of 2 OFDM symbols of 60 kHz SCS;
· For SSBs with mod(SSB Index,8)=n={4, 5,6}, the starting OFDM symbol of the CORESET is behind of the starting OFDM symbol of the corresponding SSB by the offset of 3 OFDM symbols of 60 kHz SCS;

Proposal 10: For TDM manner between SS Block and RMSI CORESET, a small set of fixed patterns of time position for RMSI CORESET and its corresponding to SS Block can be supported.

Method for configuring RMSI CORESET

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 as Table 4 shows in Annex. 
Proposal 11: 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.

[bookmark: _Toc494974525]Association between SS blocks and the corresponding RMSI(s) in wideband operation
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, and 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 12: 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 13: 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 14:   NR supports non-slot based PDCCH transmissions for scheduling RMSI/broadcast OSI delivery.

The combination bandwidth of SS block and RMSI CORESET/NR-PDSCH
 It is agreed that bandwidth of the initial active DL BWP is confined with the UE minimum bandwidth. Therefore, in order to reduce RF retuning processing it is beneficial that the combination bandwidth of SS Block and RMSI CORESET/NR-PDSCH should be confined within the UE minimum bandwidth.
Proposal 15: In order to avoid RF retuning processing it is beneficial that the combination bandwidth of SS Block and RMSI CORESET/NR-PDSCH should be confined within the UE minimum bandwidth.
Conclusion
This paper discusses delivery mechanism of RMSI.  We have the following proposals,
 Proposals 1: All of the RMSI CORESETs associated the SS/PBCH blocks within an SSB burst set for the same centre frequency should have the same settings for the following properties regardless whether RMSI CORSETs are multiplexed with SS/PBCH blocks in FDM or TDM, namely,  
· the same  bandwidth
· the same frequency position 
· the same number of consecutive OFDM symbols

FDM:
Proposal 2: When an RMSI CORESET is FDMed with the corresponding SS/PBCH block, the following pairs of {RMSI CORESET bandwidth, the number of consecutive OFDM symbols} shown in Table 2 are supported in RMSI CORESET configuration.
Table 2: The combination of RMSI CORESET bandwidth and the number of consecutive OFDM symbols in FDM manner
	Combination Number
	Number of consecutive OFDM symbols
	RMSI CORESET bandwidth (PRBs)
	Comments

	1
	1
	{48, 72, 96}
	

	2
	2
	{24, 36, 48}
	Not supported if {SSB SCS, RMSI SCS} = {240, 60} kHz

	3
	3
	{16, 24, 32}
	Not supported if SSB SCS larger than RMSI SCS

	4
	4
	{12, 18, 24}
	Not supported if SSB SCS larger than RMSI SCS

	5
	6
	{8, 12, 16}
	For {SSB SCS, RMSI SCS} = {15, 30} kHz only

	6
	8
	{6, 9, 12}
	For {SSB SCS, RMSI SCS} = {15, 30} kHz only




Proposal 3: For FDM case, NR supports the following relative frequency position between RMSI CORESET and the associated SS/PBCH block,
· RMSI CORESET and associated SS/PBCH block share the same centre frequency. Half of the CORESET PRBs are placed above the associated SS/PBCH block and the other half of the CORESET PRBs are placed below bottom of the associated SS/PBCH block;
· RMSI CORESET PRBs are placed above the associated SS/PBCH block;
· RMSI CORESET PRBs are placed below the associated SS/PBCH block.
Proposal 4: The unit of the frequency offset ‘c’ in terms of PRB can be predefined in the specification. It can be defined differently for different frequency ranges, or for different frequency bands. For example, for carrier band with small the UE minimum bandwidth, the unit of the frequency offset ‘c’ can be 1 PRB. For carrier band with large UE minimum bandwidth, the unit of the frequency offset ‘c’ can be multiple PRBs, or a multiple of 6 PRBs.
Proposal 5: The frequency offset indication can also be defined by 1 bit with the value {0, 1} only. When ‘c’=0, there will be no frequency gap between the RMSI CORESET and its corresponding SS/PBCH block. When ‘c’=1, the RMSI CORESET and its corresponding SS/PBCH block will occupy whole UE minimum bandwidth with the maximum frequency gap(s) between the between RMSI CORESET and its corresponding SS/PBCH block.
Proposal 6: The starting OFDM symbol of RMSI CORESET relative to the corresponding SSB can be set to a fixed value in the specification. When an RMSI CORESET is FDMed with the corresponding SS/PBCH block, either the starting OFDM symbol of RMSI CORESET is always set to be aligned with the starting OFDM symbol of corresponding SS/PBCH block, or the ending OFDM symbol of RMSI CORESET is always set to be aligned with the ending OFDM symbol of corresponding SS/PBCH block.

TDM:
Proposal 7: When an RMSI CORESET is TDMed with the corresponding SS/PBCH block, the following pairs of {RMSI CORESET bandwidth, the number of consecutive OFDM symbols} shown in Table 3 are supported in RMSI CORESET configuration,
Table 3: The combination of RMSI CORESET bandwidth and the number of consecutive OFDM symbols in TDM manner

	Combination Number
	Number of consecutive OFDM symbols
	RMSI CORESET bandwidth (PRBs)
	Comments

	1
	1
	{48, 72, 96}
	

	2
	2
	{24, 36, 48}
	Not supported if {SSB SCS, RMSI SCS} = {240, 60} kHz

	3
	3
	{16, 24, 32}
	Not supported if SSB SCS larger than RMSI SCS.

	4
	4
	{12, 18, 24}
	Not supported if SSB SCS larger than RMSI SCS.



Proposal 8: The unit of the frequency offset ‘c’ between the RMSI CORESET and its corresponding SSB can be predefined in the 3GPP specification as a unit of PRB or multiple PRBs. It can be defined differently for different frequency ranges, and/or for different frequency bands, For example, for carrier band with small the UE minimum bandwidth, the unit of the frequency offset ‘c’ can be 1 PRB. For carrier band with large UE minimum bandwidth, the unit of the frequency offset ‘c’ can be multiple PRBs, such as 6 PRBs.
Proposal 9: The relative positions between the RMSI CORESET and corresponding SSB can be also defined with frequency offset indication ‘c’, where ‘c’=0, ‘c’=1 and ‘c’=2 indicates the centre frequencies of the CORESET and the SSBs are the same, the CORESET and the SSBs have the same staring subcarrier; and the CORESET and the SSBs have the same ending subcarrier, respectively.
Proposal 10: For TDM manner between SS Block and RMSI CORESET, a small set of fixed patterns of time position for RMSI CORESET and its corresponding to SS Block can be supported.


Proposal 11: 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.
Proposal 12: 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 13: It is beneficial to allow the flexible configurable mapping manner between multiple SS block transmissions and the corresponding RMSI in wideband CC.
Proposal 14:   NR supports non-slot based PDCCH transmissions for scheduling RMSI/broadcast OSI delivery.
Proposal 15: In order to avoid RF retuning processing it is beneficial that the combination bandwidth of SS Block and RMSI CORESET/NR-PDSCH should be confined within the UE minimum bandwidth.
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Annex RMSI CORESET configurations

Table 4 presents the list of the proposed RMSI CORESET configurations with indices from 0 – 204, which needs total 8 bits in NR-PBCH for the configuration. The following RMSI CORESET properties are considered when designing the configuration table:
FDM: 
· CORESET duration is configured as long as possible to minimize the CORESET bandwidth with the total duration not exceeding the SS Block duration. 
· CORESET time position is aligned with SS Block either at the starting or the ending OFDM symbol. 
· CORESET frequency position is designed with three cases: CORESET and SSB sharing the same carrier frequency center, CORESET is placed above SSB or below the SSB..

TDM: 
· CORESET bandwidth is configured as large as possible to minimize the symbols when within the UE minimum BW.
· CORESET time position include 3 patterns: the CORESETs are placed ahead of corresponding SSBs; the CORESETs are placed behind corresponding SSBs; or the CORESETs can be placed ahead of or behind corresponding SSBs depending on SSB indexes as illustrated in the figures in this contribution. 
· CORESET and SSB sharing the same carrier frequency center, to avoid UE RF retuning.

Other parameters: 
·  RMSI CORESET periodicity and TTI are decided by RAN2. From RAN1 perspective, both are specified in the specification.
· Monitor window, monitor occasion and periodicity can be pre-defined in the specification. If not, at most 2 bits can be reserved by reducing the number of the configuration in Table 4. 
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Table 4: Pre-defined RMSI CORESET configurations

	Configuration Index
	Multiplexing
	(SSB SCS, RMSI SCS) (kHz)
	{Bandwidth, Duration}
(RMSI numerology)

	Frequency position
	Time position

	0-8
	FDM
	{15, 15}
	{12, 4},{18, 4},{24, 4}
	Center, Above, Below
	Starting align

	9-17
	FDM
	{15, 30}
	{6, 8},{9, 8},{12, 8}
	Center, Above, Below
	Starting align

	18-26
	FDM
	{30, 30}
	{12, 4},{18, 4},{24, 4}
	Center, Above, Below
	Starting align

	27-35
	FDM
	{30, 15}
	{24, 2},{36, 2},{48, 2}
	Center, Above, Below
	Starting align

	36-44
	FDM
	{120, 120}
	{12, 4},{18, 4},{24, 4}
	Center, Above, Below
	Starting align

	45-53
	FDM
	{120, 60}
	{6, 8},{9, 8},{12, 8}
	Center, Above, Below
	Starting align

	54-62
	FDM
	{240, 60}
	{48, 1},{72, 1},{96, 1}
	Center, Above, Below
	Starting align

	63-71
	FDM
	{240, 120}
	{24, 2},{36, 2},{48, 2}
	Center, Above, Below
	Starting align

	
	
	
	
	
	

	72-89
	TDM
	{15, 15}
	{48, 1},{72, 1},{96, 1}
{24, 2},{36, 2},{48, 2}
	Center
	Ahead;
Before;
[Odd-ahead, Even-before]

	90-125
	TDM
	{15, 30}
	{48, 1},{72, 1},{96, 1}
{24, 2},{36, 2},{48, 2}
{16, 3},{24, 3},{32, 3}
{12, 4},{18, 4},{24, 4}
	Center
	Ahead;
Before;
[Odd-ahead, Even-before]

	126-143
	TDM
	{30, 30}
	{48, 1},{72, 1},{96, 1}
{24, 2},{36, 2},{48, 2}
	Center
	Ahead;
Before;
[Odd-ahead, Even-before]

	144-152
	TDM
	{30, 15}
	{48, 1},{72, 1},{96, 1}
	Center
	Ahead;
Before;
[Odd-ahead, Even-before]

	153-170
	TDM
	{120, 120}
	{48, 1},{72, 1},{96, 1}
{24, 2},{36, 2},{48, 2}
	Center
	Ahead;
Before;
[Odd-ahead, Even-before]

	171-179
	TDM
	{120, 60}
	{48, 1},{72, 1},{96, 1}
	Center
	Ahead;
Before;
[Odd-ahead, Even-before]

	180-188
	TDM
	{240, 60}
	{48, 1},{72, 1},{96, 1}

	Center
	Ahead;
Before;
[Odd-ahead, Even-before]

	189-197
	TDM
	{240, 120}
	{48, 1},{72, 1},{96, 1}
	Center
	Ahead;
Before;
[Odd-ahead, Even-before]

	198-200
	TDM
	{240, 60}
	{24,2},{36, 2},{48, 2}
	Center
	One pattern with fixed RMSI CORESET timing positions (at least skip one SSB for every 8 SSBs)

	201-204
	TDM
	{240, 120}
	{48, 1},{72, 1},{96, 1}
	Center
	One pattern with fixed RMSI CORESET timing positions (at least skip one SSB for every 8 SSBs)
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