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1 Introduction

In this contribution, we discuss how to design validity area in NR early measurements and its further enhancements.
2 Discussion
 In RAN2#107bis meeting, it was agreed to introduce validity area in NR early measurements. The validity area only can be configured via dedicated signalling. However, also it was agreed that only non-camping frequencies (i.e. frequencies not candidate for cell reselection) can be provided in the dedicated signalling. As validity area means to maintain the dedicated early measurement configuration if current serving cell is included in the validity area, the validity area cannot be included in the carrier frequency list in RRCRelease as below [1].
MeasIdleConfig information element

-- ASN1START

MeasIdleConfigSIB-r15 ::= SEQUENCE {


measIdleCarrierListEUTRA-r15
EUTRA-CarrierList-r15,


...

}

MeasIdleConfigDedicated-r15 ::= SEQUENCE {


measIdleCarrierListEUTRA-r15
EUTRA-CarrierList-r15



OPTIONAL,
-- Need OR


measIdleDuration-r15

ENUMERATED {sec10, sec30, sec60, sec120,













sec180, sec240, sec300, spare},


...

}

EUTRA-CarrierList-r15 ::= SEQUENCE (SIZE (1..maxFreqIdle-r15)) OF MeasIdleCarrierEUTRA-r15

MeasIdleCarrierEUTRA-r15::=


SEQUENCE {


carrierFreq-r15





ARFCN-ValueEUTRA-r9,


allowedMeasBandwidth-r15


AllowedMeasBandwidth,


validityArea-r15




CellList-r15




OPTIONAL,
-- Need OR

measCellList-r15




CellList-r15




OPTIONAL,
-- Need OR


reportQuantities




ENUMERATED {rsrp, rsrq, both},


qualityThreshold-r15



SEQUENCE {



idleRSRP-Threshold-r15



RSRP-Range




OPTIONAL,
-- Need OR



idleRSRQ-Threshold-r15



RSRQ-Range-r13



OPTIONAL
-- Need OR


}
















OPTIONAL, 
-- Need OP


...

}

CellList-r15 ::=

SEQUENCE (SIZE (1.. maxCellMeasIdle-r15)) OF PhysCellIdRange

-- ASN1STOP

 Therefore, it is required to decouple the validity area from the carrier frequency list in RRCRelease.
Proposal 1: Validity area is decoupled from carrier frequency configuration to perform early measurements included in RRCRelease message.
 If the validity area is decoupled from the carrier frequency configuration, it needs to be located at the same level of the carrier frequency list. For example (yellow-highlights are changed parts):
MeasIdleConfig information element

-- ASN1START

MeasIdleConfigSIB-r15 ::= SEQUENCE {


measIdleCarrierListEUTRA-r15
EUTRA-CarrierList-r15,


...

}

MeasIdleConfigDedicated-r15 ::= SEQUENCE {


measIdleCarrierListEUTRA-r15
EUTRA-CarrierList-r15



OPTIONAL,
-- Need OR


measIdleDuration-r15

ENUMERATED {sec10, sec30, sec60, sec120,













sec180, sec240, sec300, spare},

validityArea-r16



ValidityArea-r16




  OPTIONAL,

-- Need OR
}

EUTRA-CarrierList-r15 ::= SEQUENCE (SIZE (1..maxFreqIdle-r15)) OF MeasIdleCarrierEUTRA-r15

MeasIdleCarrierEUTRA-r15::=


SEQUENCE {


carrierFreq-r15





ARFCN-ValueEUTRA-r9,


allowedMeasBandwidth-r15


AllowedMeasBandwidth,


validityArea-r15




CellList-r15




OPTIONAL,
-- Need OR

measCellList-r15




CellList-r15




OPTIONAL,
-- Need OR


reportQuantities




ENUMERATED {rsrp, rsrq, both},


qualityThreshold-r15



SEQUENCE {



idleRSRP-Threshold-r15



RSRP-Range




OPTIONAL,
-- Need OR



idleRSRQ-Threshold-r15



RSRQ-Range-r13



OPTIONAL
-- Need OR


}
















OPTIONAL, 
-- Need OP


...

}

CellList-r15 ::=

SEQUENCE (SIZE (1.. maxCellMeasIdle-r15)) OF PhysCellIdRange

ValidityArea-r16 ::=

SEQUENCE {


validityAreaCarrierListNR

NR-ValidityAreaCarrierList-r16

OPTIONAL, -- Need OR

...
}
-- ASN1STOP

Text proposal 1: Proposed new location of validity area
 As the validity area shall be able to configure number of frequencies and cell list of each frequency, the ValidityArea-r16 needs to include another carrier frequency list.
Proposal 2: New validity area decoupled from the early measurement frequency configuration includes carrier frequency list.
 When the validity area is configured, the UE maintains the early measurement configuration included in RRCRelease until validity timer expires. As the early measurement target frequency list is fixed, the UE needs to perform early measurements on all the frequencies configured in RRCRelease. However, if a UE containing dedicated early measurement configuration performs cell reselection, some of early measurement target frequencies are not interested by the new serving cell.

For example, suppose a UE receives f1, f2 and f3 to perform early measurement via RRCRelease reselects to a neighbour cell, but the new serving cell may not be capable of f1 to setup CA/DC. In this case, the UE still performs early measurement on the frequency f1 even though the serving cell is not interested on its measurement results. This issue could be up to network implementation how to configure frequency list in the dedicated configuration, but we should consider variety cases of network deployment and some cases cannot be solved by the network configuration.
Therefore, we propose to enable the validity area to change the early measurement target frequency based on the UE’s current serving cell. If the network configures different measurement target frequencies based on UE’s serving frequency, the unnecessary early measurement may be reduced.
Observation 1: While a UE configured with dedicated early measurement configuration, the UE needs to perform all the configured early measurement target frequencies. This may occur unnecessary early measurement if the serving cell is not capable of CA/DC setup with a frequency among the target frequencies.
 In addition to the text proposal above, we can consider to add target frequency list in each frequency included in the validity area. (e.g. measEarlyTargetCarrierListNR in the text proposal below) Cyan-highlighted are added to the text proposal 1 above. 
MeasIdleConfig information element

-- ASN1START

MeasIdleConfigSIB-r15 ::= SEQUENCE {


measIdleCarrierListEUTRA-r15
EUTRA-CarrierList-r15,


...

}

MeasIdleConfigDedicated-r15 ::= SEQUENCE {


measIdleCarrierListEUTRA-r15
EUTRA-CarrierList-r15



OPTIONAL,
-- Need OR


measIdleDuration-r15

ENUMERATED {sec10, sec30, sec60, sec120,













sec180, sec240, sec300, spare},

validityArea-r16



ValidityArea-r16




  OPTIONAL,

-- Need OR
}

EUTRA-CarrierList-r15 ::= SEQUENCE (SIZE (1..maxFreqIdle-r15)) OF MeasIdleCarrierEUTRA-r15

MeasIdleCarrierEUTRA-r15::=


SEQUENCE {


carrierFreq-r15





ARFCN-ValueEUTRA-r9,


allowedMeasBandwidth-r15


AllowedMeasBandwidth,


validityArea-r15




CellList-r15




OPTIONAL,
-- Need OR

measCellList-r15




CellList-r15




OPTIONAL,
-- Need OR


reportQuantities




ENUMERATED {rsrp, rsrq, both},


qualityThreshold-r15



SEQUENCE {



idleRSRP-Threshold-r15



RSRP-Range




OPTIONAL,
-- Need OR



idleRSRQ-Threshold-r15



RSRQ-Range-r13



OPTIONAL
-- Need OR


}
















OPTIONAL, 
-- Need OP


...

}

CellList-r15 ::=

SEQUENCE (SIZE (1.. maxCellMeasIdle-r15)) OF PhysCellIdRange

ValidityArea-r16 ::=

SEQUENCE {


validityAreaCarrierListNR

NR-ValidityAreaCarrierList-r16

OPTIONAL, -- Need OR
}
NR-ValidityAreaCarrierList-r16 ::=

SEQUENCE {


validityAreaNR

CellListNR-r16





OPTIONAL, -- Need OR
measEarlyTargetCarrierListNR

NR-CarrierList-r16

OPTIONAL, -- Need OR
}
-- ASN1STOP

Text proposal 2: Added per-frequency target frequency list in the validity area
 In the cyan-highlighted, target frequency and validity area cell list are added in each frequency of validity area.
Suppose a UE receives early measurement configuration via RRCRelease and validity area consists of camping frequency F1, F2 and F3. Early measurement target frequency includes two non-camping frequencies – F4 and F5. Each frequency in the validity area includes target frequencies as following:






Figure 1: Example of validity area with flexible target frequency list
1. Each frequency in the validity area includes validity cell list in which UE maintains the dedicated early measurement configuration. Therefore, the UE maintains the configuration while camping on a cell B, C of F1, Cell A, C of F2, and cell A, C, D of F3.
2. Based on the serving cell, UE performs early measurements on the corresponding target frequency list.

- While the UE is camping on a cell B, C of F1, the UE performs early measurement on a frequency of F2 and F4.
- While the UE is camping on a cell A, C of F2, the UE performs early measurement on a frequency of F1, F3 and F4.
- While the UE is camping on a cell A, C, D of F3, the UE performs early measurement on a frequency of F1, F4 and F5.
According to the text proposal 2 above, if target frequencies are added to each validity area frequency, the network can flexibly configure early measurement target frequencies based on UE’s serving cell and frequency. This mechanism can reduce unnecessary early measurements by the UE, so that UE can save power consumption and reduce signalling load upon reporting the early measurement results to the network.
Proposal 3: Consider providing per-frequency early measurement target frequency list. UE changes its target frequencies to perform early measurements based on its serving cell and frequency.
3 Conclusion
In conclusion, we propose the followings:
Proposal 1: Validity area is decoupled from carrier frequency configuration to perform early measurements included in RRCRelease message.

Proposal 2: New validity area is decoupled from the early measurement frequency configuration includes carrier frequency list.

Observation 1: While a UE configured with dedicated early measurement configuration, the UE needs to perform all the configured early measurement target frequencies. This may occur unnecessary early measurement if the serving cell is not capable of CA/DC setup with a frequency among the target frequencies.

Proposal 3: Consider providing per-frequency early measurement target frequency list. UE changes its target frequencies to perform early measurements based on its serving cell and frequency.
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