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Discussion and Decision
Introduction
In RAN#58, it has been approved that one of the objectives of the mobility performance improvement in HetNet is to “improve overall HO performance with regard HO failure rate and Ping-pong in HetNet environments” [1]. Many solutions have been proposed to improve HO performance. In order to compare different solutions, RAN2 agreed to use set 3 in the calibration phase as a baseline during email discussion [4]. However, not all the companies submitted simulation results. Further understanding on signaling was discussed during RAN2#83 and it has been agreed in the RAN2 email discussion [83#12] that companies should submit stage 3 signaling to understand the standard impact of each solution. In this contribution, stage 3 details are provided for the solution [5] “fast handover with SToS/Ping-pong avoidance”.  

Discussion
In TS 36.331 [3] section 5.5.4.4, event A3 happens when a neighbor cell becomes offset better than PCell. If the condition remains true for a given period of time, indicated in Time To Trigger (TTT), the UE sends the measurement report to serving eNB and hence HO to target cell is triggered by the network, and a command is sent to the UE. 
Studies have shown that the majority of the HOF happens due to the failure of HO command delivery. The reason is that the signal reception from the serving cell degrades while the interference from target cell increases as the UE approaches the target cell. To avoid this, we need to HO early enough such that the HO command can be successfully sent to the UE from the serving cell. 
In this contribution, we discuss the stage 3 details of the solutions proposed in [5], fast handover with SToS/Ping-pong avoidance. A simple solution to improve HO performance is to use a short TTT when the channel condition is bad and a long TTT when the channel condition is good. In addition, a SToS/Ping-pong avoidance can be used by adjusting TTT based on the current time of stay of the UE. 

There are three options to implement the proposed solution with minimum signaling impact/overhead. Below is the detailed stage 3 signaling changes needed in RRC messages in 36.331 [3].
Option 1: Long and short TTT
Option 1 allows the network to configure two TTT values and an offsetThreshold to configure when the UE should use the optimal TTT value. The UE shall use shortTimeToTrigger if the neighbouring cell signal is offsetThreshold higher than the serving cell signal. Otherwise, the UE shall use the default timeToTrigger set by the network. Below we identify the detailed stage 3 changes (highlighted in red) in 36.331 [3]. 
ReportConfigEUTRA information element
-- 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





}



},




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,
-- Cond reportMDT



reportAddNeighMeas-r10



ENUMERATED {setup}

OPTIONAL
-- Need OR


]],

[[



shortTimeToTriger




TimeToTrigger


OPTIONAL,


offsetThreshold





INTEGER (0..30)


OPTIONAL

]]
}

ThresholdEUTRA ::=




CHOICE{


threshold-RSRP





RSRP-Range,


threshold-RSRQ





RSRQ-Range

}

-- ASN1STOP

	ReportConfigEUTRA field descriptions

	a3-Offset/ a6-Offset

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

	aN-ThresholdM

Threshold to be used in EUTRA measurement report triggering condition for event number aN. If multiple thresholds are defined for event number aN, the thresholds are differentiated by M.

	eventId

Choice of E‑UTRA event triggered reporting criteria.

	maxReportCells

Max number of cells, excluding the serving cell, to include in the measurement report.

	offsetThreshold

Threshold for TTT calculation. The UE shall follow section 5.5.6.3.

	reportAmount

Number of measurement reports applicable for triggerType event as well as for triggerType periodical. In case purpose is set to reportCGI only value 1 applies.

	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.

	shortTimeToTrigger

When Mn-Mp > offsetThreshold, time during which specific criteria for the event needs to be met in order to trigger a measurement report.

	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 IE value – 140 dBm.

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

	timeToTrigger

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

	triggerQuantity 
The quantities used to evaluate the triggering condition for the event. The values rsrp and rsrq correspond to Reference Signal Received Power (RSRP) and Reference Signal Received Quality (RSRQ), see TS 36.214 [48].

	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.


1.1.1    5.5.6.3
measurement related parameters used in fast HO
When event A3 is triggered, the the UE shall calculate a new timeToTrigger based on the following condition:
The UE shall:

1>
if the measurement of set (neighbouring cell RSRP – serving cell RSRP) exceeds the offsetThreshold configured by the E-UTRAN:

2>
set timeToTrigger to the value of shortTimeToTrigger;
1>
else

2>
use the timeToTrigger;
Option 2: SToS/Ping-pong Avoidance
Option 2 allows the network to configure the UE with a dynamic TTT values based on the current Time of Stay of the UE to reduce the ping-pong effect at the UE. The UE shall use timeToTrigger if either the neighbouring cell signal is offsetThreshold higher than the serving cell signal or if the UE has stayed in the current cell for more than ToS-threshold. Otherwise, the UE shall set timeToTrigger to ToS-threshold – Time of Stay in current cell. Below shows detailed stage 3 changes (highlighted in red) in 36.331 [3]. 
ReportConfigEUTRA information element
-- 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





}



},




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,
-- Cond reportMDT



reportAddNeighMeas-r10



ENUMERATED {setup}

OPTIONAL
-- Need OR


]],

[[



ToS-threshold





INTEGER (0..10)


OPTIONAL,


offsetThreshold





INTEGER (0..30)


OPTIONAL

]]

}

ThresholdEUTRA ::=




CHOICE{


threshold-RSRP





RSRP-Range,


threshold-RSRQ





RSRQ-Range

}

-- ASN1STOP

	ReportConfigEUTRA field descriptions

	a3-Offset/ a6-Offset

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

	aN-ThresholdM

Threshold to be used in EUTRA measurement report triggering condition for event number aN. If multiple thresholds are defined for event number aN, the thresholds are differentiated by M.

	eventId

Choice of E‑UTRA event triggered reporting criteria.

	maxReportCells

Max number of cells, excluding the serving cell, to include in the measurement report.

	offsetThreshold

Threshold for event evaluation. When the offset exceed this threshold, new timeToTrigger should be calculated following 5.5.6.2. 

	reportAmount

Number of measurement reports applicable for triggerType event as well as for triggerType periodical. In case purpose is set to reportCGI only value 1 applies.

	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.

	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 IE value – 140 dBm.

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

	timeToTrigger

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

	ToS-threshold
The Time of Stay threshold to evaluate how long the UE stays in current cell. When the Time of Stay in the current cell exceeds this threshold, new timeToTrigger should be calculated following 5.5.6.2.

	triggerQuantity 
The quantities used to evaluate the triggering condition for the event. The values rsrp and rsrq correspond to Reference Signal Received Power (RSRP) and Reference Signal Received Quality (RSRQ), see TS 36.214 [48].

	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.


1.1.2    5.5.6.3
measurement related parameters used in fast HO

Definition: The “Time of Stay of the current cell” is the duration from when the UE successfully sends a “handover complete” (i.e. RRCConnectionReconfigurationComplete)-message to the cell in RRC connected more or the UE cell re-select to a cell in RRC IDLE mode, to the current time of the UE (i.e. when the UE enters event A3). 

When event A3 is triggered, the UE shall calculate a new timeToTrigger based on the following condition:

The UE shall:

1>
if the measurement offset (neigbouring cell RSRP – serving cell RSRP) exceeds the offsetThreshold configured by the E-UTRAN or if Time of Stay of the current cell exceeds ToS-threshold:

2>
use the timeToTrigger;
1>
else

2>
set time to trigger = ToS-threshold – Time of Stay of the current cell;
Conclusion

In this contribution, two options of stage 3 signalling of the proposed solution are provided. Both options only require adding two fields at the RRC report configuration. This minimum changes and signalling allow “Fast HO solution” provides the best HO performance without compromise the UE ping-pong rate. We kindly ask RAN2 to adopt one the options to provide overall HO performance enhancement for Hetnet in Rel-12.
Proposal: RAN2 to adopt one of the options of fast HO mechanism described in Section 3 to provide overall HO performance enhancement for Hetnet in Rel-12. 
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