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Discussion
1 Introduction

In RAN2#101, RAN2 discussed about new measurement event and modifying existing measurement events for interference detection [1]. Various methods are proposed but not yet agreed.

	=>
Introduce new measurement event/modify existing measurement events for interference detection


In this contribution, we summarize the various proposed methods and discuss compromised methods for interference detection.
2 Discussion
In RAN2#101 meeting, various methods for UL interference detection of aerial UE are proposed. Aerial UE detects numerous neighbour cells at high altitude [2] [3]. As aerial UE can see more cells, uplink power of aerial UE can affect to more cells. The neighbour cells would be far from serving cell and would not be connected to the serving cell with X2 interface. So, UE based UL interference detection is studied. UE can report the information of neighbour cell with existing events. However, the signal strengths of neighbour cells are similar (e.g. RSRP 90~95dBm) at high altitude. Therefore, the reports would be triggered frequently and the signalling overhead would be increased. For example, the first example of table1 shows that UE sends measurement report 4times when the event is triggered 4times and does not satisfy out condition. So, enhancements of existing events or new events of measurement report (MR) are required.
Observation 1: Enhancements of existing events or new events are required for interference detection.

At First, a solution to considering number of triggering cell is studied [6]. From the solution, UE reports MR only if number of triggering cell is above the received threshold. This solution can reduce the signalling overhead. However, if the number of triggering cell is less than the threshold, UE could not report MR even the signal strength of few neighbour cells are significantly high. Moreover, longer TTT can be considered for aerial UE in high altitude to tolerate the fluctuation of radio link quality of neighbour cells [7] [8]. If the first triggered cells satisfied leaving condition during TTT of the last triggered event, UE would not report measurement report because the number of triggering cell would be lower than the threshold. 

Observation 2: Soultion#2 can reduce the signalling overhead. However, UE may not report MR even the signal quality of few neighbour cells are significantly high. UE also may not report MR when the first triggered cells satisfied leaving condition during the UE wait the number of cells above the threshold.

Secondly, extending time-to-trigger (TTT) solution is studied [7]. From the solution, event triggered at first and if the same event is triggered for other cells during the TTT, the value of TTT would be extended and UE would report the information about all cells of first and second event together after extended TTT is expired. This solution also can reduce the signalling overhead. However, the extended TTT can cause delay. Moreover, if the first triggered cells satisfied leaving condition during extended TTT, UE would not report measurement report because the number of triggering cell would be lower than the threshold.
Observation 3: Soultion#3 can reduce the signalling overhead. However, UE may not report MR even the signal quality of few neighbour cells are significantly high. UE also may not report MR when the first triggered cells satisfied leaving condition during the UE wait the number of cells above the threshold.

Lastly, a new event of MR to report sum of neighbour cells RSRP is studied [4] [5]. From the event, UE reports MR when the sum of neighbour cells RSRP is above the received threshold. This method can reduce the signalling overhead. However, the UL interference is meaningful when the UL TX power of UE is high. Even the sum of neighbour cells RSRP is higher than the threshold, if the SINR is high, the UL TX power would be low. RSRQ can be used instead of SINR. The RSRQ is N*RSRP/RSSI, where N is number of RBs over the measurement bandwidth. The RSSI is Stot + Itot + Ntot, where ‘tot’ indicates that the power is measured over the 12 subcarriers of the measurement bandwidth. Therefore, the new event can be replaced by A5 event (i.e. serving cell is lower than threshold1 and neighbour cell is higher than threshold2, when the threshold1 is RSRQ and threshold2 is RSRP) if we can reduce the signalling of A5 event. Moreover, if the RSRP of first added cells are decreased during TTT, UE would not report measurement report because the RSRP sum of neighbour cells is lower than the threshold. However, the RSRP of leaved neighbour cells (i.e. PCI1, 2 in 4th example of table1) was large during quite a while. 
Observation 4: Soultion#4 can reduce the signalling overhead. However, the new event can be replaced by A5 event if we reduce signalling overhead of A5. UE may not report MR when the first triggered cells satisfied leaving condition during the UE wait the sum of cells above the threshold.
	No.
	Name
	Example
	Pros
	Cons

	#1
	Original Method
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	-eNB can receive all cells of triggered events
-No additional delay
	-If all cells are not triggered at same time, the signalling overhead would be increased

	#2
	Multi-cell Trigger [6]
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-PCI 1, 2 was above the threshold neighbour cells
-After number of triggered cell is above the threshold, the signal quality of PCI 1, 2 becomes below the threshold. Then, UE cannot report the cells even if the neighbour cells were above the threshold for quite a while.
	-The signalling overhead is decreased
	-If the number of cells of first triggered event is not above the threshold, there would be additional delay for early detected cells
-UE does not report few strong cells above the threshold

	#3
	Multi-cell Trigger + Timer [7]
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-After number of triggered cell is above the threshold, the signal quality of PCI 1, 2 becomes below the threshold. Then, UE cannot report the cells even if the neighbour cells were above the threshold for quite a while.
	-The signalling overhead is decreased
	-If the number of cells of first triggered event is not above the threshold, there would be additional delay for early detected cells.
-UE does not report few strong cells above the threshold

	#4
	New trigger event to sum results [4][5]
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-After sum of triggered cell is above the threshold, the signal quality of PCI 1, 2 becomes below the threshold. Then, UE cannot report the cells even if the neighbour cells were above the threshold for quite a while.
	-The signalling overhead is decreased
-UE can report few strong cells above the threshold
	-If the sum of cells of first triggered event is not above the threshold, there would be additional delay for early detected cells.
-If we reduce the signalling overhead, A5 event can replace the new event

	#5
	Compromised Solution
	During TTT of the first triggered event, if the number of triggered cell is above the threshold (N) or the sum of neighbour cell quality is above the threshold (N*(Event Threshold of A4 or Threshold2 of A5)), UE reports measurement results of all cells of triggered events.
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	-The signalling overhead is decreased
-UE can report few strong cells above the threshold

-No additional delay
	-Less reliability for the last triggered cell. However, we need to focus on the rapid reporting rather than the reliability because the interference is severe in this case and the method is only for the interference detection (not for the mobility).


Table1: The examples of proposed methods
Therefore, we propose compromised solution which reduces signalling overhead and does not need extra delay. UE triggers an existing event (e.g. A4 or A5) which is for the interference detection of aerial UE in high altitude. During TTT of the first triggered event, if the number of triggered cell is above the threshold (N) or the sum of neighbour cell quality is above the threshold (N*(Event Threshold of A4 or Threshold2 of A5)), UE reports measurement results of all cells of triggered events. If the TTT of the first triggered event is expired, UE reports measurement results of all cells.
The compromised solution considered not only reducing signalling overhead but also rapid reporting. In the case of example#5, PCI3 has less reliability. However, if the number of cells is above the threshold, UE would affect to a lot of cells and UL interference would be large. Likewise, if the RSRP sum of neighbour cells is above the threshold, UE would strongly affect to the neighbour cells and UL interference would be strong to the neighbour cells. So, UE needs to report the results rapidly. Therefore, if the number of cells or sum RSRP of triggered cells is above the threshold, UE needs to focus on rapid reporting rather than reliability. In addition, the reported cells are included in cellsTriggeredList. So, once the UE reports the result, UE does not trigger same event due to the reported cells. If the A5 event is considered, the triggered cells are considerable even if the number of cells or sum of cells is below the threshold but the triggered cells do not need to be reported rapidly. So, in solution#5, UE sends MR when the TTT of the first triggered event is expired. If we consider long TTT value and A5 event, the signalling overhead would be reduced.
In conclusion, we propose the solution #5 to compromise the solutions.
Proposal 1: RAN2 to consider compromised solution #5 for interference detection measurement report.
3 Conclusion
In this contribution, we discussed 
Observation 1: Enhancements of existing events or new events are required for interference detection.

Observation 2: Soultion#2 can reduce the signalling overhead. However, UE may not report MR even the signal quality of few neighbour cells are significantly high. UE also may not report MR when the first triggered cells satisfied leaving condition during the UE wait the number of cells above the threshold.

Observation 3: Soultion#3 can reduce the signalling overhead. However, UE may not report MR even the signal quality of few neighbour cells are significantly high. UE also may not report MR when the first triggered cells satisfied leaving condition during the UE wait the number of cells above the threshold.

Observation 4: Soultion#4 can reduce the signalling overhead. However, the new event can be replaced by A5 event if we reduce signalling overhead of A5. UE may not report MR when the first triggered cells satisfied leaving condition during the UE wait the sum of cells above the threshold.

Proposal 1: RAN2 to consider compromised solution #5 for interference detection measurement report.
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ANNEX. Define new parameters for method#5

-- ASN1START

ReportConfigEUTRA ::=



SEQUENCE {


triggerType






CHOICE {



event







SEQUENCE {




eventId







CHOICE {





eventA1







SEQUENCE {






a1-Threshold





ThresholdEUTRA





},





eventA2







SEQUENCE {






a2-Threshold





ThresholdEUTRA





},





eventA3







SEQUENCE {






a3-Offset






INTEGER (-30..30),






reportOnLeave





BOOLEAN





},





eventA4







SEQUENCE {






a4-Threshold





ThresholdEUTRA





},





eventA5







SEQUENCE {






a5-Threshold1





ThresholdEUTRA,






a5-Threshold2





ThresholdEUTRA





},





...,





eventA6-r10






SEQUENCE {






a6-Offset-r10





INTEGER (-30..30),






a6-ReportOnLeave-r10



BOOLEAN





},





eventC1-r12






SEQUENCE {






c1-Threshold-r12




ThresholdEUTRA-v1250,






c1-ReportOnLeave-r12



BOOLEAN




},





eventC2-r12






SEQUENCE {





c2-RefCSI-RS-r12




MeasCSI-RS-Id-r12,






c2-Offset-r12





INTEGER (-30..30),






c2-ReportOnLeave-r12



BOOLEAN




},





eventV1-r14






SEQUENCE {






v1-Threshold-r14




SL-CBR-r14




},





eventV2-r14






SEQUENCE {






v2-Threshold-r14




SL-CBR-r14




}




},




hysteresis






Hysteresis,




timeToTrigger





TimeToTrigger



},



periodical







SEQUENCE {




purpose








ENUMERATED {















reportStrongestCells, reportCGI}



}


},


triggerQuantity





ENUMERATED {rsrp, rsrq},


reportQuantity





ENUMERATED {sameAsTriggerQuantity, both},


maxReportCells





INTEGER (1..maxCellReport),


reportInterval





ReportInterval,


reportAmount





ENUMERATED {r1, r2, r4, r8, r16, r32, r64, infinity},


...,


[[
si-RequestForHO-r9




ENUMERATED {setup}

OPTIONAL,
-- Cond reportCGI



ue-RxTxTimeDiffPeriodical-r9

ENUMERATED {setup}

OPTIONAL
-- Need OR


]],

[[
includeLocationInfo-r10

 

ENUMERATED {true}

OPTIONAL,
-- Need OR



reportAddNeighMeas-r10



ENUMERATED {setup}

OPTIONAL
-- Need OR


]],


[[
alternativeTimeToTrigger-r12

CHOICE {




release







NULL,




setup







TimeToTrigger



}












OPTIONAL,
-- Need ON



useT312-r12






BOOLEAN


OPTIONAL,
-- Need ON



usePSCell-r12





BOOLEAN


OPTIONAL, 
-- Need ON



aN-Threshold1-v1250




RSRQ-RangeConfig-r12

OPTIONAL, 
-- Need ON



a5-Threshold2-v1250




RSRQ-RangeConfig-r12

OPTIONAL, 
-- Need ON



reportStrongestCSI-RSs-r12


BOOLEAN


OPTIONAL,
-- Need ON


reportCRS-Meas-r12




BOOLEAN


OPTIONAL,
-- Need ON


triggerQuantityCSI-RS-r12


BOOLEAN


OPTIONAL

-- Need ON

]],


[[
reportSSTD-Meas-r13




BOOLEAN


OPTIONAL,

-- Need ON



rs-sinr-Config-r13




CHOICE {



release







NULL,



setup







SEQUENCE {





triggerQuantity-v1310



ENUMERATED {sinr}

OPTIONAL,
-- Need ON





aN-Threshold1-r13




RS-SINR-Range-r13

OPTIONAL, 
-- Need ON





a5-Threshold2-r13




RS-SINR-Range-r13

OPTIONAL, 
-- Need ON




reportQuantity-v1310



ENUMERATED {rsrpANDsinr, rsrqANDsinr, all}




}



}















OPTIONAL,
-- Need ON



useWhiteCellList-r13



BOOLEAN





OPTIONAL,
-- Need ON



measRSSI-ReportConfig-r13


MeasRSSI-ReportConfig-r13
OPTIONAL,
-- Need ON



includeMultiBandInfo-r13


ENUMERATED {true}


OPTIONAL,
-- Cond reportCGI



ul-DelayConfig-r13




UL-DelayConfig-r13


OPTIONAL
-- Need ON


]],


[[
ue-RxTxTimeDiffPeriodicalTDD-r13
BOOLEAN





OPTIONAL
-- Need ON


]],
[[
numberOfTriggeringCell-r14


INTEGER (2..maxCellReport)
OPTIONAL,
-- Need ON

]]

[[




purpose-v1430


ENUMERATED {reportLocation, sidelink, spare2, spare1}


















OPTIONAL
-- Need ON


]]

}

RSRQ-RangeConfig-r12 ::=


CHOICE {


release







NULL,


setup







RSRQ-Range-v1250

}

ThresholdEUTRA ::=




CHOICE{


threshold-RSRP





RSRP-Range,


threshold-RSRQ





RSRQ-Range

}
ThresholdEUTRA-v1250 ::=


CSI-RSRP-Range-r12
MeasRSSI-ReportConfig-r13 ::=
SEQUENCE {


channelOccupancyThreshold-r13


RSSI-Range-r13



OPTIONAL
-- Need OR

}

-- ASN1STOP

	ReportConfigEUTRA field descriptions

	a3-Offset/ a6-Offset/ c2-Offset

Offset value to be used in EUTRA measurement report triggering condition for event a3/ a6/ c2. The actual value is field value * 0.5 dB.

	alternativeTimeToTrigger

Indicates the time to trigger applicable for cells specified in altTTT-CellsToAddModList of the associated measurement object, if configured

	aN-ThresholdM/ cN-ThresholdM

Threshold to be used in EUTRA measurement report triggering condition for event number aN/ cN. If multiple thresholds are defined for event number aN/ cN, the thresholds are differentiated by M. E-UTRAN configures aN-Threshold1 only for events A1, A2, A4, A5 and a5-Threshold2 only for event A5.

	c1-ReportOnLeave/ c2-ReportOnLeave

Indicates whether or not the UE shall initiate the measurement reporting procedure when the leaving condition is met for a CSI-RS resource in csi-RS-TriggeredList, as specified in 5.5.4.1.

	c2-RefCSI-RS

Identity of the CSI-RS resource from the measCSI-RS-ToAddModList of the associated measObject, to be used as the reference CSI-RS resource in EUTRA measurement report triggering condition for event c2.

	channelOccupancyThreshold

RSSI threshold which is used for channel occupancy evaluation.

	eventId

Choice of E‑UTRA event triggered reporting criteria. EUTRAN may set this field to eventC1 or eventC2 only if measDS-Config is configured in the associated measObject with one or more CSI-RS resources. The eventC1 and eventC2 are not applicable for the eventId if RS-SINR is configured as triggerQuantity or reportQuantity.

	includeMultiBandInfo
If this field is present, the UE shall acquire and include multi band information in the measurement report.

	maxReportCells

Max number of cells, excluding the serving cell, to include in the measurement report concerning CRS, and max number of CSI-RS resources to include in the measurement report concerning CSI-RS.

	measRSSI-ReportConfig
If this field is present, the UE shall perform measurement reporting for RSSI and channel occupancy and ignore the triggerQuantity, reportQuantity and maxReportCells fields. E-UTRAN only sets this field to true when setting triggerType to periodical and purpose to reportStrongestCells.

	reportAmount

Number of measurement reports applicable for triggerType event as well as for triggerType periodical. In case purpose is set to reportCGI or reportSSTD-Meas is set to true, only value 1 applies.

	reportCRS-Meas
Inidicates that UE shall include rsrp, rsrq together with csi-rsrp in the measurement report, if possible.

	reportOnLeave/ a6-ReportOnLeave

Indicates whether or not the UE shall initiate the measurement reporting procedure when the leaving condition is met for a cell in cellsTriggeredList, as specified in 5.5.4.1.

	reportQuantity

The quantities to be included in the measurement report. The value both means that both the rsrp and rsrq quantities are to be included in the measurement report. The value rsrpANDsinr and rsrqANDsinr mean that both rsrp and rs-sinr quantities, and both rsrq and rs-sinr quantities are to be included respectively in the measurement report. The value all means that rsrp, rsrq and rs-sinr are to be included in the measurement report. In case triggerQuantityCSI-RS is included, only value sameAsTriggerQuantity applies. If reportQuantity-v1310 is configured, the UE only considers this extension (and ignores reportQuantity i.e. without suffix).

	reportSSTD-Meas

If this field is set to true, the UE shall measure SSTD between the PCell and the PSCell as specified in TS 36.214 [48] and ignore the triggerQuantity, reportQuantity and maxReportCells fields. E-UTRAN only sets this field to true when setting triggerType to periodical and purpose to reportStrongestCells.

	reportStrongestCSI-RSs
Indicates that periodical CSI-RS measurement report is performed. EUTRAN configures value TRUE only if measDS-Config is configured in the associated measObject with one or more CSI-RS resources.

	si-RequestForHO

The field applies to the reportCGI functionality, and when the field is included, the UE is allowed to use autonomous gaps in acquiring system information from the neighbour cell, applies a different value for T321, and includes different fields in the measurement report.

	ThresholdEUTRA

For RSRP: RSRP based threshold for event evaluation. The actual value is field value – 140 dBm.

For RSRQ: RSRQ based threshold for event evaluation. The actual value is (field value – 40)/2 dB. 

For RS-SINR: RS-SINR based threshold for event evaluation. The actual value is (field value -46)/2 dB.

For CSI-RSRP: CSI-RSRP based threshold for event evaluation. The actual value is field value – 140 dBm.

EUTRAN configures the same threshold quantity for all the thresholds of an event.

	timeToTrigger

Time during which specific criteria for the event needs to be met in order to trigger a measurement report.

	triggerQuantity

The quantity used to evaluate the triggering condition for the event concerning CRS. EUTRAN sets the value according to the quantity of the ThresholdEUTRA for this event. The values rsrp, rsrq and sinr correspond to Reference Signal Received Power (RSRP), Reference Signal Received Quality (RSRQ) and Reference Signal Signal to Noise and Interference Ratio (RS-SINR), see TS 36.214 [48]. If triggerQuantity-v1310 is configured, the UE only considers this extension (and ignores triggerQuantity i.e. without suffix).

	triggerQuantityCSI-RS
The quantity used to evaluate the triggering condition for the event concerning CSI-RS. The value TRUE corresponds to CSI Reference Signal Received Power (CSI-RSRP), see TS 36.214 [48]. E-UTRAN configures value TRUE if and only if the measurement reporting event concerns CSI-RS.

	ue-RxTxTimeDiffPeriodical
If this field is present, the UE shall perform UE Rx-Tx time difference measurement reporting and ignore the fields triggerQuantity, reportQuantity and maxReportCells. If the field is present, the only applicable values for the corresponding triggerType and purpose are periodical and reportStrongestCells respectively.

	ue-RxTxTimeDiffPeriodicalTDD
If this field is set to TRUE, the UE shall perform UE Rx-Tx time difference measurement reporting according to EUTRAN TDD UE Rx-Tx time difference report mapping in TS 36.133 [16]. If the field is configured, the ue-RxTxTimeDiffPeriodical shall be configured. The field is applicable for TDD only.

	numberOfTriggeringCell-r14
If this field is present, the UE shall send the Measurement Report to the network when the triggered number of cells
is above the numberOfTriggeringCell-r14 or the sum of RSRP of triggered cells are above the 
numberOfTriggeringCell-r14*Threshold of the report configuration during timeToTrigger of the previously triggered 
event.

	useWhiteCellList
Indicates whether only the cells included in the white-list of the associated measObject are applicable as specified in 5.5.4.1. E-UTRAN does not configure the field for events A1, A2, C1 and C2.

	ul-DelayConfig

If the field is present, E-UTRAN configures UL PDCP Packet Delay per QCI measurement and the UE shall ignore the fields triggerQuantity and maxReportCells. The applicable values for the corresponding triggerType and reportInterval are periodical and (one of the) ms1024, ms2048, ms5120 or ms10240 respectively.The reportInterval indicates the periodicity for performing and reporting of UL PDCP Delay per QCI measurement as specified in TS 36.314 [71].
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