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1. Introduction
In previous meetings, it is agreed that for SS block without associated RMSI on a sync raster, RMSI-PDCCH-Config is used to signal the next sync raster that UE should search for cell-defining SS block. In this contribution, we will share some views on remaining aspects on NR-PBCH based on previous agreements.

2. Discussion

Indication of the closest sync raster with CDSSB

According to the previous discussion, an indication of RMSI presence is provided by using reserved code points in SSB-subcarrier-offset, it is also agreed that an offset from a reference GSCN to the closest GSCN of cell-defining SSB (CDSSB) should be signaled by reusing RMSI-PDCCH-config if the detected SS block is not associated with RMSI. It brings some potential benefits, including reducing cell search delay and saving UE power consumption, especially in wideband deployment scenario. 

It is natural to use the GSCN of the detected non-CDSSB as the reference GSCN, but some companies are concerned whether UE can distinguish the SS raster entries within a cluster of three for the frequency range of 0-2700MHz and UE may need to perform PBCH demodulation three times. RAN4 has revisited the NR SS raster shift in RAN4#86 and made the following working agreements [1]:
•
Large shift is used for the SS raster in re-farming bands in the range of 70 - 100 kHz.

•
No RMSI signaling is defined for the shift.

As it cannot guarantee that the spacing between SS frequency and channel frequency is multiple of 15kHz (for FR1), 90kHz is not a valid value for SS raster shift.
At the carrier frequency range below 2700MHz, [-10ppm, 10ppm] ppm initial carrier frequency error is assumed. As the modified sync raster shift is larger than twice initial frequency error, UE can always differentiate the reference GSCN from the other ones in the same cluster.
Table 1. GSCN parameters for the global frequency raster
	Frequency range
	SS Block frequency position SSREF
	GSCN
	Range of GSCN

	0 – 2700 MHz
	N * 900 kHz + M * [SS raster shift] 

N = 1:3000, M=-1:1
	3N + M - 1
	1 – 8999 

	2400-24250 MHz
	2400 MHz + N * 1.44 MHz

N = 0:15173
	9000 + N
	9000-24173


Table 2. Applicable SS raster entries per operating band

	NR Operating Band
	SS Block SCS
	SS Block pattern1
	Range of GSCN

(First – <Step size> – Last)

	n38
	15kHz
	Case A
	[8572 - <1> -  8958]

	n41
	15kHz
	Case A
	[9069 - <3> -  9198]

	
	30 kHz
	Case C
	[9070 - <1> - 9198]


However, UE may still encounter some confusions on the correct reference GSCN when the detected non-CDSSB is found in overlapping part of two bands. As shown in Table 1, band n38 is defined in the frequency range of n41. For 15kHz SSB SCS, band n38 uses 900kHz sync raster and 70-100kHz SS raster shift to calculate GSCN and band n41 uses 1.44MHz sync raster with no shift. If SS raster shift is 70kHz, there is a chance that frequency locations of some SSBs on band n38 and n41 are too close for UE to distinguish. For example, the absolute frequency of GSCN=8619 (band n38) and GSCN=9129 (band n41) will be 2585.77MHz and 2585.76 MHz, respectively. Then the frequency offset between these two GSCNs is only 10kHz, which brings a great challenge to UE receiver in determining the correct reference GSCN. As shown in Table 3, we can also easily find that the frequency offsets are still small even if other candidate values(80/100kHz) is adopted as the SS raster shift, therefore, similar problems exist.

Table 3.  examples of frequency offset between sync rasters on n38 and n41

	band n38

[8572 - <1> -  8958]
	band n41

[9069 - <3> -  9198]
	minimum frequency offset between GSCN1 and GSCN2

	SS raster shift
	GSCN1
	SSref1(MHz)
	GSCN2
	SSref2(MHz)
	

	70kHz
	8619
	2585.77
	9129
	2585.76
	10kHz

	80kHz
	8619
	2585.78
	9129
	2585.76
	20kHz

	100kHz
	8632
	2590.10
	9132
	2590.08
	20kHz


As frequency offsets between some SSBs in the overlapping frequency are less than 27kHz, it is possible that UE may have a misunderstanding of which band is actually deployed. An incorrect band assumption will impact the entire GSCN offset indication mechanism. In case the detected SSB belongs to n38 but UE assumed it to be on n41, with the GSCN offset carried by PBCH, UE will hop to a definitely wrong frequency location where there may be no CDSSB. Worse still, UE might even jump outside of the band, when the GSCN offset is very large. 

Observation 1: In the overlapping range of band n38 and n41, an incorrect band assumption will lead to ambiguity of the GSCN offset indication mechanism.
Therefore, including a band indicator as part of the PBCH is beneficial as it helps UE to identify the correct reference GSCN and make sure the GSCN offset and RMSI CORESET configuration can be determined with no ambiguity, which can be beneficial from the perspective of delay and complexity.
It is worth noting that c0, which is used to indicate the half radio frame, is also used for initialization of PBCH-DMRS in below 3GHz case, where the maximum number of SSBs in a SSB burst set is 4, UE can acquire the value of c0 immediately once SSB index is successfully detected through PBCH-DMRS. There is no necessity to use 1 bit to indicate HFI in PBCH explicitly in this case. Therefore, this bit can be reused to help UE to identify which band is actually deployed. 

Proposal 1: In band n38 and n41, 
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(half frame indicator) in PBCH payload can be used to indicate the band number.
Auxiliary information for CDSSB:

From the perspective of deployment, SS blocks of different cells are probably to be transmitted on the same sync raster. As a result, even if the location of the next sync raster is indicated in PBCH, UE still needs to search on the sync raster and select a cell to access. For instance, as shown in Figure 1, UE is indicated to retune to f1 on which two cells are transmitting SS blocks simultaneously, SSB1 corresponding to cell A is a CDSSB and SSB2 of cell B is transmitted for measurement, then UE may select cell B instead of cell A when the RSRP/RSRQ of SSB2 is stronger. The cell search delay could become larger if more cells are expected to be deployed in the same frequency.
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Figure 1. Multiple cells transmitting SS blocks on the same sync raster
It is worth noting that, in principle, most of the have already been agreed information elements carried by NR-PBCH are mainly used for initial access or cell camping. However, for SS blocks without associated RMSI like SSB0, those information elements would be no longer be necessary to be kept in MIB since UE cannot obtain RMSI. Therefore, reserved bits and some information elements, such as the upper layers generated part, are available to be reused for delivering some auxiliary information of the cell defining SS block on the pointed sync raster, by which the complexity and delay of cell search can be reduced without damaging the performance of MIB combining. For example, reuse 7MSB of Systemframenumber, dmrs-TypeA-Position and 2 reserved bits to indicate a complete PCI or one part of the PCI information (such as ID of PSS/SSS sequence) of the cell-defining SS block. 

For bands with LTE/NR DL coexistence (e.g band 5 and band 66), both 15kHz SS SCS and 30k SS SCS can be deployed within the same band according to current RAN4 agreements, thus SCS of SS blocks on the next sync raster may be different with that of current SS blocks, then subCarrierSpacingCommon can also be reused to indicate the SCS of SS block on the next sync raster, it would be a guarantee of no duplicate cell search which is beneficial for UE.

Proposal 2: For SS block without associated RMSI, following alternatives can be taken into consideration:

· Alt.1 UE should assume the indicated CDSSB and the reference non-CDSSB belong to the same cell.
· Alt.2 Some have already been agreed but useless bits in PBCH can be used for delivering some auxiliary information of the closet CDSSB. For example:
· reuse 7MSB of Systemframenumber, dmrs-TypeA-Position and 2 reserved bits to indicate PCI of the cell defining SS block on the next sync raster.

· subCarrierSpacingCommon can also be reused to indicate the SCS of SS block on the next sync raster to avoid duplicate cell search on the next sync raster. 
3. Conclusion

This contribution has discussed some remaining issues on NR-PBCH with the following proposals:
Observation 1: In the overlapping range of band n38 and n41, an incorrect band assumption will lead to ambiguity of the GSCN offset indication mechanism.
Proposal 1: In band n38 and n41, 
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 (half frame indicator) in PBCH payload can be used to indicate the band number.

Proposal 2: For SS block without associated RMSI, following alternatives can be taken into consideration:
· Alt.1 UE should assume the indicated CDSSB and the reference non-CDSSB belong to the same cell.
· Alt.2 Some have already been agreed but useless bits in PBCH can be used for delivering some auxiliary information of the closet CDSSB. For example:
· reuse 7MSB of Systemframenumber, dmrs-TypeA-Position and 2 reserved bits to indicate PCI of the cell defining SS block on the next sync raster.

· subCarrierSpacingCommon can also be reused to indicate the SCS of SS block on the next sync raster to avoid duplicate cell search on the next sync raster. 
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