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Introduction
In RAN1#91 meeting, the following agreements on NR-PBCH have been achieved [1],

	Agreement:
· Confirm working assumption on NR-PBCH payload size of 56 bits (including CRC).
Agreements:
· Confirm working assumption that a 4-bit PRB grid offset is carried by NR-PBCH
· Discuss further how to specify the shift
· FFS: Use of reserved values (e.g., to indicate presence of RMSI, etc.) and possible joint coding
· 8 bits for RMSI configuration in PBCH
· FFS whether or not to support joint coding (e.g., PRB grid offset+RMSI config., etc.) 
· If no RMSI is associated with SSB (if supported), FFS whether or not to reuse for other purposes
· Confirm the working assumption for PBCH 1st scrambling initialization, clarify that C_init = N^cell_ID
· The 2nd PBCH scrambling is a Gold sequence initialized by cell ID. 
· C_init = N^cell_ID

Agreement:
· Define the 3 MSB of SS/PBCH block index (or 3 reserved bits in FR1), 1 bit half radio frame index, 4 LSB of SFN from the PBCH payload as physical layer generated signals. The rest of the PBCH payload will be provided by upper layers with 80 msec TTI.




In addition, the following agreement was made during the email discussion “[91-NR-04] RMSI presence indication”[2]:

	Agreements:

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.




In this contribution, we discuss how no associated RMSI is indicated through reserved value(s) in SSB-subcarrier-offset, and if no RMSI is present, how to use RMSI-PDCCH-Config to indicate the next sync raster that UE should search for cell-defining SSB.
Discussion
Indication of the sync raster for cell-defining SSB
In RAN1#91, it was confirmed that NR-PBCH payload size of 56 bits (including CRC). The parameters in the NR-PBCH are listed in the following table:

Table 1: Contents and payload size of NR-PBCH

	NR-PBCH IEs
	Above 6 GHz (bits)
	Sub 6 GHz (bits)

	SFN
	10
	10

	MSB of SS block time index 
	3
	0

	Half radio frame index
	1
	1

	Indication of the first DL DMRS position
	1
	1

	SCS indicator of RMSI/OSI/Msg.2/Msg.4
	1
	1

	PRB grid offset (i.e., ssb-subcarrierOffset in TS 38.331)
	4
	5Note1

	[bookmark: _Hlk493074957]RMSI-PDCCH-Config (i.e., pdcchConfigSIB1 in TS 38.331)
	8
	8

	Identification that UE cannot camp on the cell
	1
	1

	Indicates that intraFreqReselection is not allowed 
	1
	1

	Reserved (RAN2)
	1
	1

	Spare
	1
	3

	CRC
	24
	24

	Total
	56
	56



Note 1: For sub-6GHz, 5 bits are needed for the PRB grid offset. Because for sub-6GHz there is no need to indicate SS block time index, 1 of the 3 bits for SS block time index can be used for the indication of the PRB grid offset.

As shown in Table 1, if a cell defining SS/PBCH block (CD-SSB) has associated RMSI, 8-bits parameter RMSI-PDCCH-Config is used for the configuration of the RMSI CORESET. A CD-SSB must be placed at an SS Raster. But, an SSB placed at an SS Raster may not necessarily be a CD-SSB. It can be a non CD-SSB that does not have associated RMSI. There are two cases that a non CD-SSB is positioned at the SS Raster:

· When SSB transmission periodicity is configured to be shorter than the RMSI transmission periodicity, some SSBs allocated at the same center frequency as the CD-SSB will not have the associated RMSI;

· The network transmits some SSBs purely for the RRM measurements. These SSBs are normally positioned at the RB boundaries of the common RB grid. However, it may happen that these SSB are placed at the frequency locations where RB boundaries of the common RB grid overlap with a SS Raster.

Because a non CD-SSB can be positioned at the SS Raster as decribed above, during cell search, a UE may detect non CD-SSB before CD-SSB. It was agreed in RAN1#91 that 

For an SSB on the SS 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 SS Raster that UE should search for cell-defining SSB.

The intention of the agreement is to inform a UE the exact location of the SS Raster with CD-SSBs during cell search, if it happens that a UE detects a non CD-SSB on the SS Raster.

When the carrier frequency is lower than 6GHz, the parameter PRB-grid-offset has 5 bits. It needs to indicate maximum 24 possible subcarrier-offsets between the boundary of the SSB PRB and the RMSI PRB (i.e., for the case when {SSB SCS, RMSI SCS}={15kHz, 30kHz}). Since 5 bits can indicate up to 32 possible values, there are 8 remaining values that can be used together with 8 bits parameter RMSI-PDCCH-Config for the indication of no RMSI present and the next SS Raster with CD-SSBs. The maximum number of the SS Raster positions can be indicated is 8*256 = 2048.

When the carrier frequency is above 6GHz, the parameter PRB-grid-offset has 4 bits. It indicates the total 12 possible subcarrier-offsets between the SSB and the RMSI. Since 4 bits can indicate up to 16 possible values, there are 4 remaining values that can be used together with 8 bits RMSI-PDCCH-Config for the indication of no RMSI present and the next SS Raster with CD-SSBs. The maximum number of the SS Raster positions can be indicated is 4*256 = 1024. 

In the LS from RAN4 [4], the following information is provided for the SS raster: 

· SS Raster will indicate the position of RE=#0(subcarrier #0) of RB#10 of the SS block
· SS Raster Definition for the 0-2.65GHz range
· SS Raster is defined as:
· Raster entry=N*900kHz+ M*5kHz, N=1:[2944], M=-1:1
· Raster entry numbering is in increasing order of frequency (first entry=895kHz, entry #2=900, entry #3=905, entry#4=1795kHz…)
· Total number of entries [8832]
· Raster applies to bands with 100kHz channel raster and 15kHz channel raster with 5MHz minimum bandwidth(bands might be defined in the future) in this frequency range
· For 10MHz minimum channel bandwidth a down selection factor of [6](1 entry in [6]) is used
· SS Raster Definition for the 2.4-24.25 GHz range
· SS Raster is defined as:
· Raster entry= 2400MHz+N*1.44MHz,N= 0:[15173]
· Raster entry numbering is in increasing order of frequency
· Total number of entries [15174]
· Raster applies to bands with 15kHz channel raster and 10MHz minimum bandwidth(n41, n77,n78, n79, etc) in this frequency range
· For 10MHz minimum channel bandwidth and 15kHz SS block SCS a down selection factor of [3] is applied
· For 40MHz minimum channel bandwidth and 30kHz SS block SCS a down selection factor of [21]
· SS Raster Definition for the 24.25-100GHz range
· SS Raster is defined as:
· Raster entry=[24250.08] MHz+N*[17.28]MHz, N= 0:[4383] 
· Raster entry numbering is in increasing order of frequency
· Total number of entries [4384]
· Raster applies to bands with 60kHz channel raster in this frequency range
· For 100MHz minimum channel bandwidth and 240kHz SS block SCS a down selection factor of [2] can be used

The LS provides separate SS Raster Definitions for three frequency ranges (FRs) of [0-2.65GHz], [2.4-24.25 GHz] and [24.25-100GHz]. Table 2 shows that there is actually no NR band operating in FR [6 - 24.25]. Thus, we only need to consider how to indicate the next SS Raster in the following frequency ranges: [ 0-2.65GHz], [2.4-6GHz] and [24.25-100GHz]. 

Table 2 Definition of frequency ranges (Table 5.1-1 in TS 38.101-1) 
	Frequency range designation
	Corresponding frequency range 

	FR1
	450 MHz – 6000 MHz

	FR2
	24250 MHz – 52600 MHz



Currently, for initial access, RAN1’s requirements are defined separately for below-6GHz and above-6GHz. Thus, we could have the following options on how to define the requirements for the indication of the next SS Raster positions:

·  Alt.1: [0-2.65GHz], [2.4-6GHz] and [24.25-100GHz] separately;
· Alt.2: above 6GHz and sub-6GHz separately;
· Alt.3: not depend on the frequency ranges;

Which option is used will depend on the number of next SS Raster positions that need to be presented for each of the options. 
As discussed above, the maximum number of the next SS Raster positions can be indicated by the use of remaining values in the parameter PRB grid offset  and the 8 bits RMSI-PDCCH-Config is limited to 8*256 = 2048 SS Raster positions for sub-6GHz and 4*256 = 1024 SS Raster positions for above-6GHz. From the RAN4 LS [4], the total number of SS Raster positions in each FR is much larger than these numbers. Thus, it is clear that using remaining values in the parameter PRB grid offset  and the 8 bits RMSI-PDCCH-Config cannot indicate the all SS Raster positions in each of the FRs [0-2.65GHz], [2.4-6GHz] and [24.25-100GHz].
Since there is no enough bits to indicate the all SS Raster positions in each of the FRs [0-2.65GHz], [2.4-6GHz] and [24.25-100GHz], we will then check if it is possible to indicate the next SS Raster positions within a band for all bands. Table 3 and 4 gives the bandwidths for the bands agreed so far in TS 38.101-1 and TS 38.101-2.

Table 3: Bandwidth of NR operating bands in FR1 (Based on Table 5.2-1 in TS 38.101-1)
	NR Operating Band
	Downlink (DL) operating band (FDL_low   –  FDL_high )
	Duplex Mode
	Total bandwdith

	n1
	2110 MHz
	–
	2170 MHz
	FDD
	60

	n2
	1930 MHz
	–
	1990 MHz
	FDD
	60

	n3
	1805 MHz
	–
	1880 MHz
	FDD
	75

	n5
	869 MHz
	–
	894MHz
	FDD
	25

	n7
	2620 MHz
	–
	2690 MHz
	FDD
	70

	n8
	925 MHz
	–
	960 MHz
	FDD
	35

	n20
	791 MHz
	–
	821 MHz
	FDD
	30

	n28
	758 MHz
	–
	803 MHz
	FDD
	45

	n38
	2570 MHz
	–
	2620 MHz
	TDD
	50

	n41
	2496 MHz
	–
	2690 MHz
	TDD
	194

	n50
	1432 MHz
	–
	1517 MHz
	TDD
	85

	n51
	1427 MHz
	–
	1432 MHz
	TDD
	5

	n66
	2110 MHz
	–
	2200 MHz
	FDD
	90

	n70
	1995 MHz
	–
	2020 MHz
	FDD
	25

	n71
	617 MHz
	–
	652 MHz
	FDD
	35

	n74
	1475 MHz
	–
	1518 MHz 
	FDD
	43

	n75
	1432 MHz
	–
	1517 MHz
	SDL
	85

	n76
	1427 MHz
	–
	1432 MHz
	SDL
	5

	n78 
	3300 MHz
	–
	3800 MHz 
	TDD
	500

	n77 
	3300 MHz
	–
	 4200 MHz
	TDD
	900

	n79 
	4400 MHz
	–
	5000 MHz
	TDD
	600




Table 4: Bandwidth of NR operating bands in FR2 (Based on Table 5.2-1 in TS 38.101-2)
	NR Operating Band
	Downlink (DL) operating band (FDL_low   –  FDL_high )
	Duplex Mode
	Total bandwdith

	n257
	26500 MHz
	–
	29500 MHz 
	TDD
	3000

	n258
	24250 MHz
	–
	27500 MHz
	TDD
	3250

	n260
	37000 MHz
	–
	40000 MHz
	TDD
	3000



From Table 3 and Table 4, the maximum bandwidths for NR bands operating in FR [0-2.65GHz] is 90 MHz; in FR [2.4-6GHz] is 900 MHz and [24.25-100GHz] is 3.25GHz. Thus, it is reasonable to use {90MHz, 900MHz, 3.25GHz} for the purpose of design of the indication of the sync-rater positions at this moment (Note: Larger bandwidths may be considered when the bands are introduced in the future). Assuming 90MHz, 900MHz, 3.25GHz} are used for the FRs {[0-2.65GHz], [2.4-6GHz], and [24.25-100GHz]}, we derive the maximum numbers of sync-raster positions in a band as follows:
· For a carrier in the FRs [0-2.65GHz]: 90MHz/900kHz*3=300
· For a carrier in the FRs [2.4-6GHz]: 900MHz/1.44MHz/3=208 (Note: Minimum BW is 10MHz for bands n78, n77, n79)
· For a carrier in the FRs [24.25-100GHz]: 3.25GHz/17.28MHz=188
Thus, it is possible to use the remaining values in the parameter PRB grid offset  and the 8 bits RMSI-PDCCH-Config to indicate the all SS Raster positions in each band in the FRs [0-2.65GHz], [2.4-6GHz] and [24.25-100GHz].
Proposal 1: When the reserved value(s) in SSB-subcarrier-offset and RMSI-PDCCH-Config of the detected non cell-defining SSB are used to indicate the next SS Raster that UE should search for cell-defining SSB, the maximum number of next SS Raster positions to be indicated is limited. The limitation can be set based on the maximum SS Raster position among the NR operating bands in the frequency range under consideration;
Proposal 2: Adopt one of the following options as the frequency range for defining the maximum number of next SS Raster positions
· Alt. 1: Based on three frequency ranges: [0-2.65GHz], [2.4-6GHz] and [24.25-100GHz] (Note: there is no NR operating bands within the FR [6GHz 24.25GHz]).
· Alt. 2: Based on two frequency ranges: sub-6GHz and above 6GHz;
· Alt. 3: Not depending on the frequency ranges;
 Proposal 3: The maximum number of next SS Raster positions to be indicated should not be smaller than the value 2N-1, where N is the maximum number of SS Raster positions in a band in the adopted frequency range. N is provided as follows:
· For Alt.1 in Proposal 2:
· For FR [0-2.65GHz]: N = 300
· For FR [2.4-6GHz]: N = 208
· For FR [24.25-100GHz]: N =188
· For Alt.2 in Proposal 2:
· For a sub-6GHz  band: N = 300
· For a above 6GHz band: N = 188
· For Alt.3 in Proposal 3:  
· N = 300

Option 2 is our preference.

 Proposal 4: Assume the maximum number of the next SS Raster positions is 2N-1. The offset for the indication of the next SS Raster can be defined by the pair of the values {PRB grid offset , RMSI-PDCCH-Config (m)} as shown in Table 5:

Table 5: Indication of the offset to the next sync-raster position
	PRB grid offset ()
	RMSI-PDCCH-Config (=m)
	Comments

	

	
	

	

	
	Used when 

	
	
	Used when 

	Offset to the next sync-raster with cell-defining SSB






In RAN1#91, the following agreement was made:

Agreement:
· Define the 3 MSB of SS/PBCH block index (or 3 reserved bits in FR1), 1 bit half radio frame index, 4 LSB of SFN from the PBCH payload as physical layer generated signals. The rest of the PBCH payload will be provided by upper layers with 80 msec TTI.
The above agreement was included in TS 38.212, where 3 MSB of SS/PBCH block index was mistakenly written as 3 LSB of SS/PBCH block index as shown in the following:

	[bookmark: _Toc500953330]7.1.1	PBCH payload generation



Denote the bits in a transport block delivered to layer 1 by , where   is the payload size generated by higher layers. The lowest order information bit  is mapped to the most significant bit of the transport block as defined in Section x.x of [TS38.321].

Generate the following additional timing related PBCH payload bits , where:

-	 are the  4th , 3rd, 2nd, and 1st LSB of SFN, respectively;


-	 is the half radio frame bit ;

-	 are the 3rd, 2nd, and 1st LSB of SS/PBCH block index, respectively.




In addition, the following agreement was made in RAN1#91:

Agreements:
· From RAN1, RMSI is assumed to be always PRB-aligned with PRB grid. However, the current 4-bit PRB grid offset in PBCH with 15kHz SCS can’t ensure the above assumption when RMSI has 30kHz SCS. Therefore, for FR1, RAN1 agrees to increase from 4-bit PRB grid offset to 5-bit PRB grid offset in PBCH where the 5-bit PRB gird offset in PBCH is in unit of subcarrier based on 15kHz SCS, while for FR2, there is still 4-bit PRB grid offset and RAN1 assumes the 4-bit PRB grid offset in PBCH is in unit of subcarrier based on RMSI numerology.  

Thus, the parameter ssb-subcarrierOffset in MIB will have 5 bits and 4 bits for FR1 (L<64) and FR2 (L=64) respectively.  the payload size generated by higher layers for L<64 will be 1 bit more than the case when when L=64. 

Therefore, we propose to make the following correction on the mistake.

	7.1.1	PBCH payload generation



Denote the bits in a transport block delivered to layer 1 by , where   is the payload size generated by higher layers. The lowest order information bit  is mapped to the most significant bit of the transport block as defined in Section x.x of [TS38.321].


Generate the following additional timing related PBCH payload bits , where:

-	 are the  4th , 3rd, 2nd, and 1st LSB of SFN, respectively;


-	 is the half radio frame bit ;


-	If L<64, are reserved. If L=64,  are the 1st 3rd, 2nd, and 3rd 1st LMSB of SS/PBCH block index, respectively. 








Let ; ; ; ; ; ;


for    to 

if  is an SFN bit

;

;

	elseif  is the half radio frame bit

	


	elseif   is one of the 3 MSB of SS/PBCH block index bits and  

;

;


elseif   is one of the 3 2 MSB of reserved bits and 

;

;
else

;

;
end if
end for



where  is the number of candidate SS/PBCH blocks in a half frame according to section 4.1 of [5, TS38.213], and the value of  is given by Table 7.1.1-1.

Table 7.1.1-1: Value of PBCH payload interleaver pattern 
	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	


	0
	16
	4
	8
	8
	24
	12
	3
	16
	9
	20
	14
	24
	21
	28
	27

	1
	23
	5
	30
	9
	7
	13
	2
	17
	11
	21
	15
	25
	22
	29
	28

	2
	18
	6
	10
	10
	0
	14
	1
	18
	12
	22
	19
	26
	25
	30
	29

	3
	17
	7
	6
	11
	5
	15
	4
	19
	13
	23
	20
	27
	26
	31
	31








Conclusion
In this contribution, we discussed how to indicate a non cell-defining SSB without associated RMSI and the next sync raster that UE should search for cell-defining SSB by the use of the reserved value(s) in SSB-subcarrier-offset and the RMSI-PDCCH-Config.
Proposal 1: When the reserved value(s) in SSB-subcarrier-offset and RMSI-PDCCH-Config of the detected non cell-defining SSB are used to indicate the next SS Raster that UE should search for cell-defining SSB, the maximum number of next SS Raster positions to be indicated is limited. The limitation can be set based on the maximum SS Raster position among the NR operating bands in the frequency range under consideration;
Proposal 2: Adopt one of the following options as the frequency range for defining the maximum number of next SS Raster positions
· Alt. 1: Based on three frequency ranges: [0-2.65GHz], [2.4-6GHz] and [24.25-100GHz] (Note: there is no NR operating bands within the FR [6GHz 24.25GHz]).
· Alt. 2: Based on two frequency ranges: sub-6GHz and above 6GHz;
· Alt. 3: Not depending on the frequency ranges;
 Proposal 3: The maximum number of next SS Raster positions to be indicated should not be smaller than the value 2N-1, where N is the maximum number of SS Raster positions in a band in the adopted frequency range. N is provided as follows:
· For Alt.1 in Proposal 2:
· For FR [0-2.65GHz]: N = 300
· For FR [2.4-6GHz]: N = 208
· For FR [24.25-100GHz]: N =188
· For Alt.2 in Proposal 2:
· For a sub-6GHz  band: N = 300
· For a above 6GHz band: N = 188
· For Alt.3 in Proposal 3:  
· N = 300

Option 2 is our preference.

 Proposal 4: Assume the maximum number of the next SS Raster positions is 2N-1. The offset for the indication of the next SS Raster can be defined by the pair of the values {PRB grid offset , RMSI-PDCCH-Config (m)} as shown in Table 5:

Table 5: Indication of the offset to the next sync-raster position
	PRB grid offset ()
	RMSI-PDCCH-Config (m)
	Comments

	

	
	If m=0, there is no offset.

	

	
	Used when 

	
	
	Used when 

	Offset to the next sync-raster with cell-defining SSB






==================== Start of Text Proposal (TS 38.212) ==========================
7.1.1	PBCH payload generation



Denote the bits in a transport block delivered to layer 1 by , where   is the payload size generated by higher layers. The lowest order information bit  is mapped to the most significant bit of the transport block as defined in Section x.x of [TS38.321].


Generate the following additional timing related PBCH payload bits , where:

-	 are the  4th , 3rd, 2nd, and 1st LSB of SFN, respectively;


-	 is the half radio frame bit ;


-	If L<64, are reserved. If L=64,  are the 1st 3rd, 2nd, and 3rd 1st LMSB of SS/PBCH block index, respectively. 








Let ; ; ; ; ; ;


for    to 

if  is an SFN bit

;

;

	elseif  is the half radio frame bit

	


	elseif   is one of the 3 MSB of SS/PBCH block index bits and  

;

;


elseif   is one of the 3 2 MSB of reserved bits and 

;

;
else

;

;
end if
end for



where  is the number of candidate SS/PBCH blocks in a half frame according to section 4.1 of [5, TS38.213], and the value of  is given by Table 7.1.1-1.

Table 7.1.1-1: Value of PBCH payload interleaver pattern 
	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	


	0
	16
	4
	8
	8
	24
	12
	3
	16
	9
	20
	14
	24
	21
	28
	27

	1
	23
	5
	30
	9
	7
	13
	2
	17
	11
	21
	15
	25
	22
	29
	28

	2
	18
	6
	10
	10
	0
	14
	1
	18
	12
	22
	19
	26
	25
	30
	29

	3
	17
	7
	6
	11
	5
	15
	4
	19
	13
	23
	20
	27
	26
	31
	31



==================== End of Text Proposal  ==========================
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