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1. Introduction
In this contribution, we discuss remaining details on PBCH contents including RMSI CORESET configuration and the next sync raster indication.

2. NR-PBCH contents
RMSI CORESET Configuration with minimum bandwidth 10MHz
In the RAN1 NRAH-1801 meeting [1], it was agreed to introduce the configuration table for the bands with minimum channel bandwidth (MinCBW) of 40 MHz when subcarrier spacing of SS/PBCH block is 30 kHz. However, NR did not make a final decision whether or not to adopt a new configuration table for 10 MHz MinCBW with SS/PBCH SCS of 15 kHz. Clearly, in [4], Band 41 is defined for 10MHz MinCBW, where the 15 kHz SCS for SS/PBCH block is used. So, RAN1 should provide a solution of RSMI CORESET configuration to support Band 41. 
In order to reduce the number of SS entry for wide MinCBW (i.e. 10MHz, 40MHz), RAN4 made a decision to adopt down selection among all candidate SS entry. In case of Band 41, it is agreed that the value of down selection is ‘3’ for 15 kHz, hence the value of sync raster becomes larger (i.e. 4.32MHz). In order to support the large value of sync raster for 15 kHz SCS, NR should adopt a new configuration table for 15 kHz SCS of SS/PBCH block with 10 MHz MinCBW. Also, when it comes to make a CORESET configuration table, we should take into account the network operation flexibility depending on the status of network bandwidth. For this reason, RMSI CORESET configuration for 15 kHz SCS and 10MHz MinCBW should be designed to support from 10MHz BW to 20 MHz BW. 
In previous meeting, we saw one problem, which is that 4 bits for configuration in MIB is not enough to indicate the all candidates of RB offset from the SS/PBCH block to RMSI CORESET. In order to resolve the problem, one solution was proposed, which is that RAN1 defines two configuration tables depending on RMSI CORESET bandwidth and RAN4 selects one table among them. However, the solution could bring a restriction of usage of channel bandwidth or a limitation of RMSI CORSET BW. So, we think the solution could not be suitable for network resource utilization. Instead of the solution, RAN1 should adopt an indication bit in MIB for dynamic selection among the two tables. For them, RAN1 can take additional 1 bit from the reserved bits for SS/PBCH block index indication. As an alternative solution, RAN1 can design the new configuration table with 5bits. In case, additional 1 bit for CORESET configuration is necessity, and the bit can be also taken from the reserved bits for SS/PBCH block index indication.

Proposal 1: 
· For 15 kHz SCS of SS/PBCH block with minimum channel bandwidth 10 MHz, new RMSI CORESET configuration should be designed.
· The new table is composed by two tables with 4bits or single table with 5bits. 
· In the case of two tables with 4bits configuration, the indication for selection of the table should be defined in MIB.
· The additional 1 bit is taken from the reserved bits for SS/PBCH block index.

Indication of the SS/PBCH block which has corresponding RMSI
In the RAN1 #91 email discussion [2], it was agreed to adopt the indication of no associated RMSI using reserved value(s) in SSB-subcarrier-offset. When no RMSI is indicated, RMSI-PDCCH-config is used to indicate the next sync raster that UE should search for SS/PBCH block which has corresponding RMSI. 
For the indication of the next sync raster, RAN1 could follow the definition of SS_PBCH_frequency position in RAN4. In RAN4 [4-5], the SS_Block frequency position is defined by a function of the lowest sync raster per NR operating band, multiple of sync raster, and raster offset. (i.e. {N*900 kHz + M*5 kHz} for the LTE re-farming band, {2400MHz+N*1.44MHz} for the NR band at FR1, and {[24250.08] MHz + N*[17.28] MHz} for the FR2). In the same way, RAN1 can define the lowest sync raster per NR operating band which is followed by the definition of RAN4 agreement. Also, RAN1 can define that RMSI-PDCCH-config is used to indicate the value of ‘N’ per NR operating band. In addition, the exact value of the raster offset ‘M’ for the next sync raster is not indicated to UE in MIB. After the UE performs to decode the PDSCH for RMSI in the indicated SS_Block frequency position, UE can obtain the exact information of the ‘M’ from the RMSI.
Observation 1:
· In RAN4, the SS_Block frequency position is defined by a function of the lowest sync raster per NR operating band, multiple of sync raster, and raster offset. (i.e. {N*900 kHz + M*5 kHz} for the LTE re-farming band, {2400MHz+N*1.44MHz} for the NR band at FR1, and {[24250.08] MHz + N*[17.28] MHz} for the FR2).
Proposal 2:
· For the indication of the next sync raster, RAN1 follows the definition of SS_PBCH_frequency position in RAN4.
· RAN1 defines the lowest sync raster per NR operating band which is followed by the definition of RAN4 agreement
· RAN1 defines that RMSI-PDCCH-config is used to indicate the value of ‘N’ per NR operating band.
· The exact value of the raster offset ‘M’ for the next sync raster is not indicated to UE.

Also, RAN4 defines the range of ‘N’ depending on the NR operation band. In the majority of cases, the 8 bits for RMSI-PDCCH-Config is enough to indicate of next sync raster which has corresponding RSMI, so next sync raster can be indicated within the range of 256 for ‘N’. However, as shown in Table 1, more than the range of 256 for ‘N’ is required for some bands.

Table 1. Number of SS entry / Lowest sync raster per NR operating band
	NR Operating Band
	SS Block SCS
	Mini channel BW
	Number of SS entry / Lowest sync raster

	n1
	15kHz
	5MHz
	2109.9 MHz + 0.9*N + M*5kHz, N=0:63, M=-1, 0, or 1

	n2
	15kHz
	5MHz
	1929.9 MHz + 0.9*N + M*5kHz, N=0:63, M=-1, 0, or 1

	n3
	15kHz
	5MHz
	1804.8 MHz + 0.9*N + M*5kHz, N=0:80, M=-1, 0, or 1

	n5
	15kHz
	5MHz
	868.8 MHz + 0.9*N + M*5kHz, N=0:25, M=-1, 0, or 1

	
	15kHz
	10MHz
	868.8 MHz + 0.9*6*N + M*5kHz, N=0:3, M=-1, 0, or 1

	
	30kHz
	10MHz
	873.3 MHz + 0.9*6*N + M*5kHz, N=0:1, M=-1, 0, or 1

	n7
	15kHz
	5MHz
	2620.2 MHz + 0.9*N + M*5kHz, N=0:74, M=-1, 0, or 1

	n8
	15kHz
	5MHz
	924.6 MHz + 0.9*N + M*5kHz, N=0:36, M=-1, 0, or 1

	n20
	15kHz
	5MHz
	790.5 MHz + 0.9*N + M*5kHz, N=0:31, M=-1, 0, or 1

	n28
	15kHz
	5MHz
	758.1 MHz + 0.9*N + M*5kHz, N=0:47, M=-1, 0, or 1

	n38
	15kHz
	5MHz
	2569.8 MHz + 1.44*N, N=0:35

	n41
	15kHz
	5MHz
	2496 MHz + 1.44*N, N=0:131

	
	15kHz
	10MHz
	2496 MHz + 1.44*3*N, N=0:43

	
	30kHz
	10MHz
	2496 MHz + 1.44*N, N=0:131

	n50
	15kHz
	5MHz
	1432.2 MHz + 0.9*N + M*5kHz, N=0:91, M=-1, 0, or 1

	n51
	15kHz
	5MHz
	1426.8 MHz + 0.9*N + M*5kHz, N=0:2, M=-1, 0, or 1

	n66
	15kHz
	5MHz
	2109.9 MHz + 0.9*N + M*5kHz, N=0:97, M=-1, 0, or 1

	
	15kHz
	10MHz
	2109.9 MHz + 0.9*6*N + M*5kHz, N=0:15, M=-1, 0, or 1

	
	30kHz
	10MHz
	2195.1 MHz + 0.9*6*N + M*5kHz, N=0:14, M=-1, 0, or 1

	n70
	15kHz
	5MHz
	1994.7 MHz + 0.9*N + M*5kHz, N=0:25, M=-1, 0, or 1

	n71
	15kHz
	5MHz
	616.8 MHz + 0.9*N + M*5kHz, N=0:36, M=-1, 0, or 1

	n74
	15kHz
	5MHz
	1474.5 MHz + 0.9*N + M*5kHz, N=0:45, M=-1, 0, or 1

	n75
	15kHz
	5MHz
	1432.2 MHz + 0.9*N + M*5kHz, N=0:91, M=-1, 0, or 1

	n76
	15kHz
	5MHz
	1426.8 MHz + 0.9*N + M*5kHz, N=0:2, M=-1, 0, or 1

	n77
	30kHz
	10MHz
	3300 MHz + 1.44*N, N=0:619

	n78
	30kHz
	10MHz
	3300 MHz + 1.44*N, N=0:341

	n79
	30kHz
	40MHz
	4400 MHz + 1.44*21*N, N=0:16

	n258 
	120 kHz
	50MHz
	24250.08MHz + N*17.28MHz, N =0:186

	n257 
	120 kHz
	50MHz
	26513.76MHz + N *17.28MHz, N =0:170

	
	240 kHz
	100MHz
	26548.32MHz + 2* N *17.28MHz, N =0:83

	n260 
	120 kHz
	50MHz
	37002.72MHz + N *17.28MHz, N =0:171

	
	240 kHz
	100MHz
	34773.6MHz + 2* N *17.28MHz, N =0:83



Especially, Band n77 and n78 has 620 entries and 342 entries each. For this reason, additional state is necessary for indication of next sync raster. As one of solution, we can consider to use the remaining states of the indication of the SSB-subcarrier offset in order to indicate the next sync raster. Among the states of ‘32’ for SSB-subcarrier-offset in FR1, 24 states are used for offset indication, and 8 states are remained. Using some state among the remaining states, we can define the indication range of ‘N’. In addition, if there is the possibility of no RMSI in the band where currently connected to the UE, we can consider one additional indication of no RMSI in the band in order to provide a guidance for the UE to search another band. 
For example, RAN1 can define the following four state for no RMSI indication and SS/PBCH search candidate among the state for SSB-subcarrier offset:
· 1st state: No RMSI in the BAND
· 2nd state: There is no RMSI at the SS raster, and the indication range of ‘N’ is from 0 to 255.
· 3rd state: There is no RMSI at the SS raster, and the indication range of ‘N’ is from 256 to 511.
· 4th state: There is no RMSI at the SS raster, and the indication range of ‘N’ is from 512 to 767.

Observation 2: 
· In the majority of cases, the 8 bits for RMSI-PDCCH-Config is enough to indicate the next sync raster which has corresponding RSMI
· Band n77 and n78 has 620 entries and 342 entries each.
· For Band n77 and n78, additional state is required to indicate the next sync raster.
· Remaining states of the indication of the SSB-subcarrier offset can be used to indicate the range of ‘N’ per the NR operating band.
· In terms of providing a guidance for the UE to search another band, one additional indication of no RMSI in the band is necessity.
Proposal 3: 
· Define the following four state for no RMSI indication and SS/PBCH search candidate among the state for SSB-subcarrier offset
· 1st state: No RMSI in the BAND
· 2nd state: There is no RMSI at the SS raster, and the indication range of ‘N’ is from 0 to 255.
· 3rd state: There is no RMSI at the SS raster, and the indication range of ‘N’ is from 256 to 511.
· 4th state: There is no RMSI at the SS raster, and the indication range of ‘N’ is from 512 to 767.

3. Conclusion
In this contribution, we discussed remaining details on PBCH contents. As a conclusion of the discussion, we summarize observation and proposals as follows:
RMSI CORESET Configuration with minimum bandwidth 10MHz
Proposal 1: 
· For 15 kHz SCS of SS/PBCH block with minimum channel bandwidth 10 MHz, new RMSI CORESET configuration should be designed.
· The new table is composed by two tables with 4bits or single table with 5bits. 
· In the case of two tables with 4bits configuration, the indication for selection of the table should be defined in MIB.
· The additional 1 bit is taken from the reserved bits for SS/PBCH block index.

Indication of the SS/PBCH block which has corresponding RMSI
Observation 1:
· In RAN4, the SS_Block frequency position is defined by a function of the lowest sync raster per NR operating band, multiple of sync raster, and raster offset. (i.e. {N*900 kHz + M*5 kHz} for the LTE re-farming band, {2400MHz+N*1.44MHz} for the NR band at FR1, and {[24250.08] MHz + N*[17.28] MHz} for the FR2).
Observation 2: 
· In the majority of cases, the 8 bits for RMSI-PDCCH-Config is enough to indicate the next sync raster which has corresponding RSMI
· Band n77 and n78 has 620 entries and 342 entries each.
· For Band n77 and n78, additional state is required to indicate the next sync raster.
· Remaining states of the indication of the SSB-subcarrier offset can be used to indicate the range of ‘N’ per the NR operating band.
· In terms of providing a guidance for the UE to search another band, one additional indication of no RMSI in the band is necessity.

Proposal 2:
· For the indication of the next sync raster, RAN1 follows the definition of SS_PBCH_frequency position in RAN4.
· RAN1 defines the lowest sync raster per NR operating band which is followed by the definition of RAN4 agreement
· RAN1 defines that RMSI-PDCCH-config is used to indicate the value of ‘N’ per NR operating band.
· The exact value of the raster offset ‘M’ for the next sync raster is not indicated to UE.
Proposal 3: 
· Define the following four state for no RMSI indication and SS/PBCH search candidate among the state for SSB-subcarrier offset
· 1st state: No RMSI in the BAND
· 2nd state: There is no RMSI at the SS raster, and the indication range of ‘N’ is from 0 to 255.
· 3rd state: There is no RMSI at the SS raster, and the indication range of ‘N’ is from 256 to 511.
· 4th state: There is no RMSI at the SS raster, and the indication range of ‘N’ is from 512 to 767.
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Appendix A.

	Agreements: (RAN1 AH1801) [1]
· The value of M (as in 38.101) for sync raster definition (i.e., 0, ±1) for FR1 is informed to UE 
· Up to RAN4 to decide the set of offset values for FR1
· As a working assumption, the indication is in RMSI
· If the minimum distance between adjacent sync rasters is large enough (w.r.t the intial frequency offset tolerance), the indication is no longer necessary

· Make the clarification that the existing Tables 13-1 and 13-2 in TS 38.213 are used for supporting the offset configurations for the bands with minimum channel bandwidths of 5MHz with SSB SCS = 15kHz;
· The corresponding TP (38.213)
· Table 13-1: Set of resource blocks and slot symbols of control resource set for Type0-PDCCH search space when {SS/PBCH block, PDCCH} subcarrier spacing is {15, 15} kHz with minimum channel bandwidth 5MHz
· Table 13-2: Set of resource blocks and slot symbols of control resource set for Type0-PDCCH search space when {SS/PBCH block, PDCCH} subcarrier spacing is {15, 30} kHz with minimum channel bandwidth 5MHz
· Make the clarification that the existing Tables 13-3 and 13-4 in TS 38.213 are for supporting the offset configurations for the bands with minimum channel bandwidths of 5MHz and 10MHz with SSB SCS = 30kHz;
· The corresponding TP (38.213):
· Table 13-3: Set of resource blocks and slot symbols of control resource set for Type0-PDCCH search space when {SS/PBCH block, PDCCH} subcarrier spacing is {30, 15} kHz with minimum channel bandwidth 5MHz and 10MHz
· Table 13-4: Set of resource blocks and slot symbols of control resource set for Type0-PDCCH search space when {SS/PBCH block, PDCCH} subcarrier spacing is {30, 30} kHz with minimum channel bandwidth 5MHz and 10MHz
· For the bands with minimum channel bandwidths of 40MHz, add new configuration tables for the following cases
· One for {SSB SCS, RMSI SCS} = {30, 15}kHz 
· One for {SSB SCS, RMSI SCS} = {30, 30}kHz 

	Agreements: (RAN1 #91-NR-04) [2]
For an SSB on the sync raster, the indication of no associated RMSI is done using reserved value(s) in SSB-subcarrier-offset. If no RMSI present, RMSI-PDCCH-Config is used to signal the next sync raster that UE should search for cell-defining SSB.




