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1. Introduction
In RAN1 #90b, it is agreed to introduce 4 bits in PBCH to indicate PRB grid offset between RMSI CORESET and SSB:

Agreements:

· (working assumption) NR-PBCH has a payload size of 56 bits (including CRC)

· 10-bit SFN is carried by NR-PBCH

· (working assumption) 4-bit PRB grid offset is carried by NR-PBCH
It is typically simple to design PRB grid offset indication if RMSI and SSB adopt the same numerology (SCS), however the design would be a bit complicated if RMSI and SSB adopt different numerologies. In this contribution, details on PRB grid offset indication are discussed for both same and different SCSs.

2. General discussion on past agreements
It is agreed that RMSI numerology may be flexible and also indicated in PBCH in RAN1 #90b:

Agreements:

· A single bit is used in NR-PBCH for indicating the numerology for RMSI, Msg.2/4 for initial access and broadcasted OSI

· For sub-6GHz

· 0: 15kHz

· 1: 30kHz

· For >6GHz

· 0: 60kHz

· 1: 120kHz

Moreover, in this contribution, single SCS would be assumed for a given frequency band according to the agreements in RAN1 #90b:

Agreements:

· For both sub-6 and above-6, reduce the PBCH to X PRB per symbol and add Y PBCH PRBs to SSS symbol with no other redesign

· Working assumption: 

· X=20 

· Y=2*(24-X) 

· Same mapping rule(frequency-first, time-second) for data and DMRS is applied

· Working assumption: The same DMRS density in the PBCH PRB in the SSS symbols is assumed 

· For sub-6: Single SCS assumption with the exception of bands with LTE/NR DL coexistence and 5 MHz minimum bandwidth (band 5 and band 66)

· For above-6: RAN1 assumes a single SCS per band. If dual SCS is deemed critically necessary by RAN4 for a band, the total number of hypothesis shall not be increased, or insignificantly increased compared to single SCS

It is noted that SSB SCS can be 15/30 kHz for sub 6GHz bands, and 120/240 kHz for above 6GHz bands. The exact SCS value depends on specific band. Therefore, the following RMSI/SSB numerology combinations are possible given current agreements:
Table 1: RMSI/SSB numerology combinations for below 6 GHz

	SSB SCS = 15 kHz
	SSB SCS = 15 kHz

	RMSI SCS = 15 kHz
	RMSI SCS = 30 kHz
	RMSI SCS = 15 kHz
	RMSI SCS = 30 kHz


Table 2: RMSI/SSB numerology combinations for above 6 GHz

	SSB SCS = 120 kHz
	SSB SCS = 240 kHz

	RMSI SCS = 60 kHz
	RMSI SCS = 120 kHz
	RMSI SCS = 60 kHz
	RMSI SCS = 120 kHz


Following sections discuss how to signal PRB grid offset for the above RMSI/SSB numerology combinations.
3. Discussion for below 6 GHz
For the cases that RMSI and SSB adopt the same numerologies, it is straightforward to signal PRB grid offset as illustrated in Figure 1. Therefore totally 12 values to be indicated in 4 bits in this case.
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Figure 1. PRB grid offset indication for the case that RMSI and SSB adopt the same SCS
However, when RMSI and SCS adopt different numerologies, the design is more complicated. The case for SSB SCS = 15 kHz and RMSI SCS = 30 kHz is shown in Figure 2.
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Figure 2. PRB grid offset for the case SSB SCS = 15 kHz and RMSI SCS = 30 kHz

Since SSB SCS = 15 kHz, there are totally 24 sync raster within the PRB of RMSI, as RAN4 has agreed that sync raster is on subcarrier level. 4 bits cannot accommodate all sync raster candidates in this case. However, noting the RMSI numerology is 30 kHz, it is not very meaningful to deploy sync raster not aligned with RMSI subcarriers, otherwise there will be a fractional RMSI subcarrier offset between RMSI and SSB PRBs.
The case for SSB SCS = 30 kHz and RMSI SCS = 15 kHz is shown in Figure 3. There are totally 6 sync raster within a RMSI PRB, therefore only 6 values are needed in this case.
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Figure 3. PRB grid offset for the case SSB SCS = 30 kHz and RMSI SCS = 15 kHz

Based on the above discussion, the following table is proposed for PRB grid offset indication for below 6 GHz:

 Table 3: PRB grid offset indication for below 6 GHz

	PRB grid offset indicator
	SS block = 15 kHz
	SS block = 30 kHz

	
	RMSI SCS = 15 kHz
	RMSI SCS = 30 kHz
	RMSI SCS = 15 kHz
	RMSI SCS = 30 kHz

	0
	0
	0
	0
	0

	1
	1
	2
	1
	1

	2
	2
	4
	2
	2

	3
	3
	6
	3
	3

	4
	4
	8
	4
	4

	5
	5
	10
	5
	5

	6
	6
	12
	Reserved
	6

	7
	7
	14
	Reserved
	7

	8
	8
	16
	Reserved
	8

	9
	9
	18
	Reserved
	9

	10
	10
	20
	Reserved
	10

	11
	11
	22
	Reserved
	11

	12
	Reserved
	Reserved
	Reserved
	Reserved

	13
	Reserved
	Reserved
	Reserved
	Reserved

	14
	Reserved
	Reserved
	Reserved
	Reserved

	15
	Reserved
	Reserved
	Reserved
	Reserved


4. Discussion for above 6 GHz
The discussion for above 6 GHz is similar to below 6 GHz. For the cases of SSB SCS and RMSI SCS are both 120 kHz, first column of table 3 can be reused. For the cases that SSB SCS = 120 kHz and RMSI SCS = 60 kHz, the third column of table 3 can be reused. For the cases that SSB SCS = 240 kHz and RMSI SCS = 120 kHz, the third column of table 3 can be reused as well.

For the case that SSB SCS = 240 kHz and RMSI SCS = 60 kHz, PRB grid offset is illustrated in Figure 4.
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Figure 3. PRB grid offset for the case SSB SCS = 240 kHz and RMSI SCS = 60 kHz

There are totally 3 sync rasters within a RMSI PRB, therefore there are only three values for PRB grid offset indication.
Based on the above discussion, the following table is proposed for PRB grid offset indication for above 6 GHz.

Table 3: PRB grid offset indication for above 6 GHz
	PRB grid offset indicator
	SS block = 120 kHz
	SS block = 240 kHz

	
	RMSI SCS = 60 kHz
	RMSI SCS = 120 kHz
	RMSI SCS = 60 kHz
	RMSI SCS = 120 kHz

	0
	0
	0
	0
	0

	1
	1
	1
	1
	1

	2
	2
	2
	2
	2

	3
	3
	3
	Reserved
	3

	4
	4
	4
	Reserved
	4

	5
	5
	5
	Reserved
	5

	6
	Reserved
	6
	Reserved
	Reserved

	7
	Reserved
	7
	Reserved
	Reserved

	8
	Reserved
	8
	Reserved
	Reserved

	9
	Reserved
	9
	Reserved
	Reserved

	10
	Reserved
	10
	Reserved
	Reserved

	11
	Reserved
	11
	Reserved
	Reserved

	12
	Reserved
	Reserved
	Reserved
	Reserved

	13
	Reserved
	Reserved
	Reserved
	Reserved

	14
	Reserved
	Reserved
	Reserved
	Reserved

	15
	Reserved
	Reserved
	Reserved
	Reserved


It can also be further discussed if the case SSB SCS = 240 kHz and RMSI SCS = 60 kHz should be supported at all.
5. Conclusions
It is proposed to adopt the following table for PRB grid offset indication; the offset is indicated with granularity of SS Block SCS.
	PRB grid offset indicator
	SS block SCS = 15 kHz
	SS block SCS = 30 kHz
	SS block SCS= 120 kHz
	SS block SCS= 240 kHz

	
	RMSI SCS = 15 kHz
	RMSI SCS = 30 kHz
	RMSI SCS = 15 kHz
	RMSI SCS = 30 kHz
	RMSI SCS = 60 kHz
	RMSI SCS = 120 kHz
	RMSI SCS = 60 kHz
	RMSI SCS = 120 kHz

	0
	0
	0
	0
	0
	0
	0
	0
	0

	1
	1
	2
	1
	1
	1
	1
	1
	1

	2
	2
	4
	2
	2
	2
	2
	2
	2

	3
	3
	6
	3
	3
	3
	3
	Reserved
	3

	4
	4
	8
	4
	4
	4
	4
	Reserved
	4

	5
	5
	10
	5
	5
	5
	5
	Reserved
	5

	6
	6
	12
	Reserved
	6
	Reserved
	6
	Reserved
	Reserved

	7
	7
	14
	Reserved
	7
	Reserved
	7
	Reserved
	Reserved

	8
	8
	16
	Reserved
	8
	Reserved
	8
	Reserved
	Reserved

	9
	9
	18
	Reserved
	9
	Reserved
	9
	Reserved
	Reserved

	10
	10
	20
	Reserved
	10
	Reserved
	10
	Reserved
	Reserved

	11
	11
	22
	Reserved
	11
	Reserved
	11
	Reserved
	Reserved

	12
	Reserved
	Reserved
	Reserved
	Reserved
	Reserved
	Reserved
	Reserved
	Reserved

	13
	Reserved
	Reserved
	Reserved
	Reserved
	Reserved
	Reserved
	Reserved
	Reserved

	14
	Reserved
	Reserved
	Reserved
	Reserved
	Reserved
	Reserved
	Reserved
	Reserved

	15
	Reserved
	Reserved
	Reserved
	Reserved
	Reserved
	Reserved
	Reserved
	Reserved
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