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Discussion and decision
1. Introduction
The study on HetNet Mobility Enhancements for LTE [1] concluded that handover performance in HetNet deployments is not as good as in Homogeneous macro deployments.  In a dense HetNet environment, increased number of handovers and Radio Link Failures would lead to more outage time for the UE due to handover interruption, RLF recovery interruption and Qout during T310.
We have shown that interruption time due to T310 is significant and can cause bad user experiences, and we proposed T310 early termination enhancement to address the problem [2]. In this document we provide further simulation results for T310 early termination in light of the email discussion held before this meeting [3].
2. Discussion
Mobility in a Dense HetNet (10 picos/macro:
Pico placed randomly) is looked at. The simulations assumptions are aligned with the large area system simulation assumptions in [1], set 3 @ 30km/h), except for the following. We looked at the cases where target cell is prepared and unprepared for RRC connection re-establishment. If the instantaneous SINR is lower than the decoding threshold at TTT expriry or at the time of handover command, it is assumed that Measurement Report or handover command cannot be delivered to its destination node. If the Measurement Report was not successfully delivered, the RRC connection re-establishment is assumed to be “unprepared”.
	Parameter
	Value

	# pico cell per macro
	10

(Random placement)

	RRC connection re-establishment delay (target cell prepared)
	250 ms

	RRC connection re-establishment delay (target cell un-prepared)
	450 ms

	Decoding Threshold (instantaneous SINR)
	-8dB


We analysed different T310 schemes:

· No enhancement:




T310 value is always 1 second (baseline in [1])

· T310 = 0:






T310 value is always  0  

· Adaptive (TTT expiry):

RLF is detected at TTT expiry if T310 is already running; or T310 = 0 if TTT has expired before T310 start

· Adaptive (TTT expiry+160ms):

RLF is detected at TTT expiry if T310 is already running; or T310 = 160ms if TTT has expired before T310 start 

· Adaptive (TTT expiry) + always prepared:
Same as “adaptive (TTT expiry)” above, but the target cell of re-establishment is assumed to be always prepared.
We looked at the following metrics.

· Outage time:


The time during which T310 is running
· Interruption time:

Interruption time due to handover or RRC connection re-establishment
· Overall service interruption time:

Outage time + Interruption time
2.1. Overall service interruption time

The simulation result is shown below. From Figure-1 and Figure-2, it can be seen that adaptive T310 early termination decreases the overall service interruption time in exchange for increased procedure interruption time due to increased number of connection re-establishment events. The result in the Figure-2 can easily be explained; the longer you wait in the serving cell while seeing Qout, the smaller the number of connection re-establishment events is.
Adaptive (TTT expiry+160ms) was meant to improve handover success rate why waiting for handover comman after Measurement Report upon TTT expiry. However it does not seem to contribute to reducing the overall service interruption time as compared to the simple Adaptive (TTT expiry) scheme. “Adaptive (TTT expiry) + always prepared” can reduce the interruption time due to RRC connection re-establishment. This could be realized by e.g. UE context fetch, whose details can be found in [4].  Additional 160ms delay in Adaptive (TTT expiry+160ms) does not provide any gain if we assume the target cell is always prepared.
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Figure-1: Overall service interruption time (% of simulation time)
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Figure-2: Number of RRC connection re-establishment events (/UE/s)
Observation 1:
Adaptive T310 early termination decreases the overall service interruption time in exchange for increased number of connection re-establishment. This means that by enabling the adaptiveT310 early termination, the UE can be better served by a good serving cell, instead of being stuck in a bad (Qout) serving cell.
The following figure further shows the distribution of actual service interruption time. Each continuous outage and interruption time was considered as one service interruption instance.  It can be observed that without an enhancement almost 50% of interruptions are due to T310 (1 second) with unprepared connection re-establishment. Early termination of T310 reduces the duration of service interruptions.

[image: image3.emf]00.20.40.60.8100.511.52CDFNo enhancementAdaptive(TTT expiry)Adaptive(TTT expiry), all preparedT310=0msAdaptive(TTT expiry + 160ms)


Figure-3: Interruption time CDF [second]

Observation 2:
Adaptive T310 early termination shortens the length of each service interruption instance.
2.2. Time-of-Stay (ToS)
The following plots show Time-of-Stay CDF. It is very important to realize the fact that the current ToS metric includes the outage time, the time the UE is stuck during T310. So a long ToS is not necessarily a good thing. This result therefore should be looked at together with service interruption time reduction presented in the previous section. One finding from this result however is that there is no significant difference among different schemes, except for the obvious difference for no enhancement (T310 =1).
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Figure-4: Time-of-Stay CDF [second]
2.3. Ping-Pong
One can easily envision that Ping-Pong rate may increase if T310 is short or ealy terminated. In this section we look at Ping-Pong ToS, defined by the time in which the UE stays in the cell 2 when Ping-Pong occurs from cell 1 to cell 2 and back to cell 1. From Figure-5, again there is no significant difference among different schemes, especially around the Ping-Pong ToS of 1 second which is used as metric for Ping-Pong event definition in [1].
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Figure-5: Ping-Pong ToS [second]

2.4. Complexity analysis

Annex of this document provides a pseudo CR corresponding to the solution, “Adaptive (TTT expiry)”. It can be seen that the necessary change to the speification is very small, which should reflect the simplicity for UE implementation.

Observation 3:
Adaptive T310 early termination can be specified with very small changes in the standard.
3. Conclusion
In this document we provided further simulation results for T310 early termination in light of the email discussion held before this meeting [3]. The following observations were made from the results.
Observation 1:
Adaptive T310 early termination decreases the overall service interruption time in exchange for increased number of connection re-establishment. This means that by enabling the adaptiveT310 early termination, the UE can be better served by a good serving cell, instead of being stuck in a bad (Qout) serving cell.
Observation 2:
Adaptive T310 early termination shortens the length of each service interruption instance.
Although always using short T310 value (T310 = 0) provides the most service interruption reduction gain in the simulation, we do not consider it is realistic configuration that can be used in real network based on the analysis in [5]. 
Pseudo CR provided in this document has shown that T310 early termination can be specified with small changes to TS36.331.

Observation 3:
Adaptive T310 early termination can be specified with very small changes in the standard.
Therefore we propose the following.
Proposal 1:

Introduce RRC connection re-establishment procedure with adaptive T310 early termination

Proposal 2:
Adaptive
T310 early termination should be such that RLF is detected at TTT expiry if T310 is already running; or T310 value of 0 is used if TTT has expired before T310 start
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Annex (Pseudo CR to TS36.331 implementing the solution “Adaptive (TTT expiry)”)

5.3.11.1
Detection of physical layer problems in RRC_CONNECTED

The UE shall:

1>
upon receiving N310 consecutive "out-of-sync" indications for the PCell from lower layers while neither T300, T301, T304 nor T311 is running:

2>
if the t310-EarlyTerminamtion is configured in the reportConfig for a measId and if the cellsTriggeredList defined within the VarMeasReportList for this measId is not empty:

3>
initiate the connection re-establishment procedure as specified in 5.3.7;
2>
else:

3>
start timer T310;

NOTE:
Physical layer monitoring and related autonomous actions do not apply to SCells.

[…]
5.5.4
Measurement report triggering

5.5.4.1
General

The UE shall:

1>
for each measId included in the measIdList within VarMeasConfig:
2>
if the corresponding reportConfig includes a purpose set to reportStrongestCellsForSON:

3>
consider any neighbouring cell detected on the associated frequency to be applicable;

2>
else if the corresponding reportConfig includes a purpose set to reportCGI:

3>
consider any neighbouring cell detected on the associated frequency/ set of frequencies (GERAN) which has a physical cell identity matching the value of the cellForWhichToReportCGI included in the corresponding measObject within the VarMeasConfig to be applicable;

2>
else:

3>
if the corresponding measObject concerns E-UTRA:

4>
if the ue-RxTxTimeDiffPeriodical is configured in the corresponding reportConfig:

5>
consider only the PCell to be applicable;
4>
else if the eventA1 or eventA2 is configured in the corresponding reportConfig:

5>
consider only the serving cell to be applicable;
4>
else:

5>
consider any neighbouring cell detected on the associated frequency to be applicable when the concerned cell is not included in the blackCellsToAddModList defined within the VarMeasConfig for this measId;

5>
for events involving a serving cell on one frequency and neighbours on another frequency, consider the serving cell on the other frequency as a neighbouring cell;

3>
else if the corresponding measObject concerns UTRA or CDMA2000:

4>
consider a neighbouring cell on the associated frequency to be applicable when the concerned cell is included in the cellsToAddModList defined within the VarMeasConfig for this measId (i.e. the cell is included in the white-list);

NOTE 0:
The UE may also consider a neighbouring cell on the associated UTRA frequency to be applicable when the concerned cell is included in the csg-allowedReportingCells within the VarMeasConfig for this measId, if configured in the corresponding measObjectUTRA (i.e. the cell is included in the range of physical cell identities for which reporting is allowed).

3>
else if the corresponding measObject concerns GERAN:

4>
consider a neighbouring cell on the associated set of frequencies to be applicable when the concerned cell matches the ncc-Permitted defined within the VarMeasConfig for this measId;

2>
if the triggerType is set to event and if the entry condition applicable for this event, i.e. the event corresponding with the eventId of the corresponding reportConfig within VarMeasConfig, is fulfilled for one or more applicable cells for all measurements after layer 3 filtering taken during timeToTrigger defined for this event within the VarMeasConfig, while the VarMeasReportList does not include an measurement reporting entry for this measId (a first cell triggers the event):
3>
if the t310-EarlyTermination is configured in the corresponding reportConfig for this measId and timer T310 is running:
4>
initiate the connection re-establishment procedure as specified in 5.3.7;
3>
else
4>
include a measurement reporting entry within the VarMeasReportList for this measId;

4>
set the numberOfReportsSent defined within the VarMeasReportList for this measId to 0;

4>
include the concerned cell(s) in the cellsTriggeredList defined within the VarMeasReportList for this measId;

4>
initiate the measurement reporting procedure, as specified in 5.5.5;

2>
if the triggerType is set to event and if the entry condition applicable for this event, i.e. the event corresponding with the eventId of the corresponding reportConfig within VarMeasConfig, is fulfilled for one or more applicable cells not included in the cellsTriggeredList for all measurements after layer 3 filtering taken during timeToTrigger defined for this event within the VarMeasConfig (a subsequent cell triggers the event):

3>
set the numberOfReportsSent defined within the VarMeasReportList for this measId to 0;

3>
include the concerned cell(s) in the cellsTriggeredList defined within the VarMeasReportList for this measId;

3>
initiate the measurement reporting procedure, as specified in 5.5.5;

2>

if the triggerType is set to event and if the leaving condition applicable for this event is fulfilled for one or more of the cells included in the cellsTriggeredList defined within the VarMeasReportList for this measId for all measurements after layer 3 filtering taken during timeToTrigger defined within the VarMeasConfig for this event:

3>
remove the concerned cell(s) in the cellsTriggeredList defined within the VarMeasReportList for this measId;

3>
if reportOnLeave is set to TRUE for the corresponding reporting configuration or if a6-ReportOnLeave is set to TRUE for the corresponding reporting configuration:

4>
initiate the measurement reporting procedure, as specified in 5.5.5;

3>
if the cellsTriggeredList defined within the VarMeasReportList for this measId is empty:

4>
remove the measurement reporting entry within the VarMeasReportList for this measId;

4>
stop the periodical reporting timer for this measId, if running;

2>
if the purpose is included and set to reportStrongestCells or to reportStrongestCellsForSON and if a (first) measurement result is available:

3>
include a measurement reporting entry within the VarMeasReportList for this measId;

3>
set the numberOfReportsSent defined within the VarMeasReportList for this measId to 0;

3>
initiate the measurement reporting procedure, as specified in 5.5.5;

NOTE 1:
If the purpose is set to reportStrongestCells and reportAmount > 1, the UE initiates a first measurement report immediately after the quantity to be reported becomes available for the PCell. If the purpose is set to reportStrongestCells and reportAmount = 1, the UE initiates a first measurement report immediately after the quantity to be reported becomes available for the PCell and for the strongest cell among the applicable cells. If the purpose is set to reportStrongestCellsForSON, the UE initiates a first measurement report when it has determined the strongest cells on the associated frequency.

2>
upon expiry of the periodical reporting timer for this measId:

3>
initiate the measurement reporting procedure, as specified in 5.5.5;

2>
if the purpose is included and set to reportCGI and if the UE acquired the information needed to set all fields of cgi-Info for the requested cell:

3>
include a measurement reporting entry within the VarMeasReportList for this measId;

3>
set the numberOfReportsSent defined within the VarMeasReportList for this measId to 0;

3>
stop timer T321;

3>
initiate the measurement reporting procedure, as specified in 5.5.5;

2>
upon expiry of the T321 for this measId:

3>
include a measurement reporting entry within the VarMeasReportList for this measId;

3>
set the numberOfReportsSent defined within the VarMeasReportList for this measId to 0;

3>
initiate the measurement reporting procedure, as specified in 5.5.5;

NOTE 2:
The UE does not stop the periodical reporting with triggerType set to event or to periodical while the corresponding measurement is not performed due to the PCell RSRP being equal to or better than s-Measure or due to the measurement gap not being setup.

NOTE 3:
If the UE is configured with DRX, the UE may delay the measurement reporting for event triggered and periodical triggered measurements until the Active Time, which is defined in TS 36.321 [6].
[...]
–
ReportConfigEUTRA
The IE ReportConfigEUTRA specifies criteria for triggering of an E‑UTRA measurement reporting event. The E‑UTRA measurement reporting events are labelled AN with N equal to 1, 2 and so on.

Event A1:
Serving becomes better than absolute threshold;

Event A2:
Serving becomes worse than absolute threshold;

Event A3:
Neighbour becomes amount of offset better than PCell;

Event A4:
Neighbour becomes better than absolute threshold;

Event A5:
PCell becomes worse than absolute threshold1 AND Neighbour becomes better than another absolute threshold2.

Event A6:
Neighbour becomes amount of offset better than SCell.

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,
-- Need OR



reportAddNeighMeas-r10



ENUMERATED {setup}

OPTIONAL
-- Need OR

]]

[[
t310-EarlyTermination-r12


ENUMERATED {setup}

OPTIONAL,
-- Need OR

]]
}

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.

	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.

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. EUTRAN sets the value according to the quantity of the ThresholdEUTRA for this 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.


	Conditional presence
	Explanation

	reportCGI
	The field is optional, need OR, in case purpose is included and set to reportCGI; otherwise the field is not present.
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