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Introduction
During RAN1#91 meeting, the following were agreed on NR-PBCH [1]:
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
During email discussion after RAN1#91 meeting, the following were agreed on the indication of SSB sync raster if no RMSI is present: 
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.
The agreement has not been captured in the R15 specifications. In this contribution, the details of sync raster indication scheme in PBCH is discussed, before it can be captured in specification. 
Discussion
The synchronization raster indicates the frequency positions of the synchronization block that can be used by the UE for system acquisition. According to Table 5.4.3.3-1 in [2], the band that includes maximum number of synchronization raster is n77, which has total 620 synchronization raster. The offset of indicated raster has the range of {-619, … , -1, +1, … , +619}, 1238 location of synchronization raster in total. Therefore, only RMSI CORESET information cannot indicate all the synchronization raster in case of some operation bands. During email discussion, the reserved code points in the SSB-subcarrier-offset is also used to jointly indicate synchronization raster. Totally 1024 location of synchronization raster can be indicated, considering the 4 reserved code points in the SSB-subcarrier-offset and 8 bits RMSI CORESET information. However, it still cannot cover all the 1238 location of synchronization raster in case of band n77.
Observation: The current information bits used for synchronization raster indication cannot indicate all the synchronization raster in case of some band. 

Table 5.4.3.3-1: Applicable SS raster entries per operating band
	NR Operating Band
	SS  Block SCS
	Range of GSCN
(First – <Step size> – Last)

	n1
	15kHz
	7033 - <1> -  7224

	n2
	15kHz
	6433 - <1> -  6624

	n3
	15kHz
	6016 - <1> -  6258

	n5
	15kHz
	2896 - <1> -  2973

	
	30kHz
	2911 - <1> -  2961

	n7
	15kHz
	8734 - <1> -  8958

	n8
	15kHz
	3082 - <1> -  3192

	n20
	15kHz
	2635 - <1> -  2730

	n28
	15kHz
	2527 - <1> -  2670

	n38
	15kHz
	8566 - <1> -  8724

	n41
	15kHz
	8899 - <1> -  9030

	n50
	15kHz
	4774 - <1> -  5049

	n51
	15kHz
	4756 - <1> -  4764

	n66
	15kHz
	7033 - <1> -  7326

	
	30kHz
	7048 - <1> -  7317

	n70
	15kHz
	6649 - <1> -  6726

	n71
	15kHz
	2056 - <1> -  2166

	n74
	15kHz
	4915 - <1> -  5052

	n75
	15kHz
	4774 - <1> -  5049

	n76
	15kHz
	4756 - <1> -  4764

	n77
	30kHz
	9460 - <1> -  10079

	n78
	30kHz
	9460 - <1> -  9801

	n79
	30kHz
	10245 - <1> -  10613




A single bit in MIB is used to indicate the RMSI numerology, as follows.
· For sub-6GHz
· 0: 15kHz
· 1: 30kHz
· For >6GHz
· 0: 60kHz
· 1: 120kHz

If no RMSI is present, the RMSI numerology information bit can also be used to indicate synchronization raster. 
Therefore, there are mainly two options addressing the above issue in case of band n77.
· Option 1: Include RMSI numerology bit for joint synchronization raster indication
· Option 2: The granularity of indicated synchronization raster can be larger than 1
For option 1, the joint indication using RMSI numerology, SSB-subcarrier-offset and RMSI CORESET can cover 2048 location of synchronization raster. Then, option 1 can satisfy the indication of synchronization raster for all the bands in Table 5.4.3.3-1.
For option 2, not all the synchronization raster is indicated for some bands. For example, the granularity of indicated synchronization raster can be one and two for those synchronization raster near to and far from the synchronization raster of detected SS block, respectively.  Or the indicating information will indicate a group of synchronization raster, instead of one synchronization raster.
Proposal 1: Include one of the two options for synchronization raster indication, especially in case of band n77. 

Synchronization raster to SS block resource element mapping is shown in Table 5.4.3.2-1 in [2]. 

Table 5.4.3.2-1: Synchronization Raster to SS block Resource Element Mapping
	
Resource element index 
	0

	
Physical  resource block number  of the SS block

	




The frequency position of the frequency raster of SS block is defined as SSref with corresponding number GSCN, as shown in Table 5.4.3.1-1 in [2]. As shown in the table, the interval of synchronization raster is smaller than the bandwidth of SS block. The interval between the synchronization raster of detected SS block and the indicated synchronization raster should be larger than the bandwidth of SS block. Otherwise, no SS blocks will actually exist in the indicated synchronization raster. 

Table 5.4.3.1-1: GSCN parameters for the global frequency raster
	Frequency range
	SS_Block frequency position
	Range of SSREF

	0 – 2650 MHz
	N*900kHz+ M*5kHz, N=1:[2944], M=-1:1
	1 – [8832] 

	2400-24250 MHz
	2400MHz+N*1.44MHz,N= 0:[15173]
	[8833-24006]



Proposal 2: The interval between the synchronization raster of detected SS block and the indicated synchronization raster should be larger than the bandwidth of SS block.  
 
Conclusion
In this contribution, the details of sync raster indication scheme in PBCH is discussed. The detail scheme should be decided by RAN1 before it can be captured in the specification. The following are observed and proposed.
Observation: The current information bits used for synchronization raster indication cannot indicate all the synchronization raster in case of some band. 
Proposal 1: Include one of the two options for synchronization raster indication, especially in case of band n77. 
Proposal 2: The interval between the synchronization raster of detected SS block and the indicated synchronization raster should be larger than the bandwidth of SS block.  
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