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	Reason for change:
	In the current spec, the field description and range of values for SSB-TimeOffset in NonCellDefiningSSB-r17 do not cover all possible configurations. 
For example, in the following configuration, which is not a corner case, CD-SSB has a periodicity of 20ms, and NCD-SSB has a periodicity of 40ms. The first CD-SSB after the first symbol of SFN=0 is transmitted at 10ms, and the first NCD-SSB after the first symbol of SFN=0 is transmitted at 5ms. Therefore, according to the current definition of ssb-TimeOffset, the time offset for NCD-SSB should be 35ms, because the first NCD-SSB after the first burst of CD-SSB after the first symbol of SFN=0 is transmitted 35ms later. However, 35ms is not included in the current set of values configurable for ssb-TimeOffset.  
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From the example above, it is not difficult to see that the current set of time offsets (i.e. 5ms, 10ms, 15ms) are not sufficient to cover all cases. They can only cover the case where both NCD-SSB and CD-SSB have a periodicity of 20ms. However, the range of periodicities for both CD-SSB and NCD-SSB is {5, 10, 20, 40, 80, 160}. Correspondingly, the range of all possible time offsets should be from 5ms to 155ms, in step of 5ms (duration of a half frame). 
Another issue is that the current wording of the field description seems to suggest that NCD-SSB can only be transmitted after CD-SSB (with respect to start of SFN=0), which clearly should not be the case. It can use a more precise wording to avoid such possible misinterpretations.


	
	

	Summary of change:
	1. Change the range of ssb-TimeOffset to INTEGER (1..64) * 5ms. But in the current version, only values up to 31 are used.
2. Reword the definition of ssb-TimeOffset by using a reference time for NCD-SSB. 
Impact analysis
Impacted 5G architecture options: 
Standalone, NR-DC, NE-DC, EN-DC, NGEN-DC
Impacted functionality: 

NCD-SSB
Inter-operability:
1.    If UE implements this and network does not, there is no inter-operabiliy issue.
2.    If network implements this and UE does not, UE may not be able to understand a time offset configured by network which is outside the current range of values.


	
	

	Consequences if not approved:
	Network can only configure NCD-SSB to have the same periodicity as CD-SSB and at most 20ms apart from CD-SSB.
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Start of the Change
· NonCellDefiningSSB
The IE NonCellDefiningSSB is used to configure a non-cell-defining SSB to be used while the UE operates in a a RedCap-specific initial BWP or dedicated BWP.

NonCellDefiningSSB information element

-- ASN1START

-- TAG-NONCELLDEFININGSSB-START

NonCellDefiningSSB-r17 ::=      SEQUENCE {

    absoluteFrequencySSB-r17        ARFCN-ValueNR,

    ssb-Periodicity-r17             ENUMERATED { ms5, ms10, ms20, ms40, ms80, ms160, spare2, spare1 }       OPTIONAL,   -- Need S

    ssb-TimeOffset-r17              INTEGER  (1..64)      OPTIONAL,   -- Need S

    ...

}
-- TAG-NONCELLDEFININGSSB-STOP

-- ASN1STOP

	NonCellDefiningSSB-r17 field descriptions

	absoluteFrequencySSB
Frequency of the non-cell-defining SSB. The network configures this field so that the SSB is within the bandwidth of the BWP configured in BWP-DownlinkCommon.

	ssb-Periodicity
The periodicity of this Non-Cell-Defining SSB. The network configures only periodicities that are larger than the periodicity of serving cell's CD-SSB. If the field is absent, the UE applies the SSB periodicity of the cell-defining SSB (ssb-periodicityServingCell configured in ServingCellConfigCommon).

	ssb-TimeOffset

The time offset between CD-SSB of the serving cell and this Non-Cell Defining SSB. It is defined as the time offset from the reference time, which is the first symbol of the first burst of CD-SSB after the first symbol of SFN=0 of the serving cell, to the first symbol of the first burst of this NCD-SSB after the reference time. The actual value of the time offset = field value * 5ms. In the current version, only field values up to 31 are used. If the field is absent, RedCap UE considers that the time offset between the CD-SSB of the serving cell and this Non-Cell Defining SSB is zero.
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