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1
Introduction
Lately there has been some discussion raised concerning the possible interaction between RRC-CONNECTED mode DRX and the Time-To-Trigger timer in connection with event evaluation: Is there some need for taking the DRX into account when TTT is in use. In this updated paper we will address the topic again based on [8] and our earlier contribution [7, 9].

2
Measurement Model
In [7] we presented a measurement model that could be applied also for E-UTRAN. [meas model paper] has been submitted for this meeting proposing the inclusion of the model into [1] therefore no further presentation will made except for an illustration of the model as reference.
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Figure 1: Measurement model
3
Time To Trigger and DRX
Time To Trigger is used in ‘Evaluation of reporting criteria’ and applied to measurements from C. [4] states:

‘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 VarMeasurementConfiguration, is fulfilled for one or more applicable cells for a duration exceeding the value of timeToTrigger defined for this event within the VarMeasurementConfiguration or:’

This will then result in UE sending a measurement report to network. Question is now how the DRX potentially may influence the Time To Trigger timer.
3.1
UE Measurements and DRX
[3] states the requirements for UE measurement performance. Currently the measurement requirement depends on the DRX used by the UE (when DRX has been configured). What [3] states is how fast the UE physical layer shall be capable of reporting measurements to higher layer and with what accuracy. [3] does not state exactly when the UE has to perform the actual measurements as long they are within the accuracy requirements.

This again means that the measurements performance requirements are made for point B in figure 1 and there are no requirements in [3] concerning the measurements performed at point A as long as they fulfil the accuracy requirements.

A potentially configured TTT in connection with an event triggered measurement event is using the measurement at point C as input. As can be seen from figure 1 and above explanation the input here depends on both UE implementation and the measurement interval – which might again be influenced by a possible configured DRX.

Our simulations [9] show following conclusion:

· UE with short cycle: Use of TTT timer gives a gain compared to no use of TTT timer (not to trigger too many handovers);
· UE with long DRX cycle: Use of none or shorter TTT timer gives gain compared to use of longer TTT timer (in order to reduce the handover delay);
So conclusion seems to be that the challenge appears when the measurements available at point C starts arrive with longer time intervals. One could assume that this challenge will only increase as the UE speed increases.

In order to be able to ensure well working mobility in RRC-CONNECTED mode with timely triggered measurement reports and at the same time make it possible for eNB to optimise the DRX usage for obtaining user friendly power consumption numbers, and thereby UE standby times, we believe we need to be able to offer some sort of solution.

3.2
Scaling of the Time To Trigger timer
In [6] we have earlier proposed to use scaling of TTT based on used DRX cycle. As the agreed DRX scheme in [2] potentially results in rather flexible UE active time and UE autonomous switching between long and short DRX and non-DRX, we propose that also possible changes to the TTT timer due to DRX changes are handled in an eNB controlled but UE autonomously switched way. This would mean that the eNB signals potential parameters to be used by the UE but the UE can change autonomously based on specified rules. This will save RRC signalling needs.

For example when DRX cycle is short or not used (e.g. either because it is not configured or UE is actively scheduled), the UE performs rather continuous intra-frequency measurements while during longer DRX cycles non-continuous intra-frequency measurements are performed.

So in order to ensure high quality measurements, it would be desirable that the UE would be able to autonomously adjust the TTT timer used for triggered reporting events to networks. This could be achieved by defining suitable parameter settings for different DRX cycles and the UE would then autonomously follow these settings when the DRX cycle is changed.

One example how this could be realized is:

· Time To Trigger timer (no DRX/continuous RX/TX) = X ms;
· Time To Trigger timer (DRX cycle) = a * DRX cycle ms;
Where ‘X’ and ‘a’ would be given in measurement control signalling.

The above very basic rule and behaviour would result in that the UE during active RX/TX (no DRX is applied as inactivity timer will keep the UE in continuous RX mode) will apply TTT timer of a given length, for more robust measurement report triggering and handover triggering. When no data transfer is actively ongoing and the UE is applying DRX, the measurement report triggering will be based on a number of DRX instances, thereby ensuring a minimum number of measurement opportunities for the UE to base its triggering on.

Alternative to only having one ‘X’ as an option above one could potentially allow for more than one ‘X’ value in order to separate handling of Short DRX and long DRX TTT timer length. 

3.3
Multiple Time To Trigger timers
Another simple solution, but basically similar solution as using scaling of one Time To Trigger timer, would be to define a TTT timer for each of the periods: active time (continuous reception and transmission), Short DRX (while DRX short cycle timer is active) and long DRX.

3.4
Simple hybrid Time To Trigger timer solution
Based on the two above earlier proposal one very simple and well working solution [RAN4 simulation paper] would be to apply TTT (for averaging the measurements) when DRX is shorter than TTT and set ‘a’ in first proposal to ‘1’ when DRX is longer than TTT:

· Time To Trigger timer (non-DRX/DRX cycle < TTT) = X ms;
· Time To Trigger timer (DRX cycle > TTT) = DRX cycle ms;
This solution would mean that when UE is actively scheduled (during active time) or applying shorter DRX cycle the measurements at point C will be averaged applying TTT before triggering measurement report sending. In situations where the applied DRX cycle is larger than the given TTT value the UE will use the next DRX cycle on-duration occurance for triggering measurement report sending. In this solution there is only a need for one TTT timer value and as ‘a’ is set to one there is no need for this additional parameter. This solution should also be well aligned with the LS from RAN4 [8]
4
Conclusion
In this paper we use the measurement model for explaining the linking between DRX, measurements and Time To Trigger timer and the current conclusions we have concluded from our simulations.

Conclusion was:

· UE with no or short DRX cycle: Use of TTT timer gives a gain compared to no use of TTT timer (not to trigger too many handovers);
· UE with long DRX cycle: Use of none or shorter TTT timer gives gain compared to use of longer TTT timer (in order to reduce the handover delay);
And based on this we propose that the Time To Trigger timer is given as a number of ‘X’ ms when DRX period is shorter than a certain threshold - TTT - while 1 DRX period when DRX cycle is above the set TTT threshold:

· Time To Trigger timer (no DRX/continuous RX/TX/DRX cycle < TTT) = X ms;
· Time To Trigger timer (DRX cycle > TTT) = DRX cycle ms;
This would represent a simple solution solution with only one parameter: TTT. Additionally it should be noted that TP provided below does not mandate UE to start RACH immediately after a sample even when DRX > TTT
UPDATE:

After offline discussion it was agreed that following behaviour would be acceptable by RAN4 (at least few companies) as well as several RAN2 companies:

When TTT expires RRC  is allowed to wait until next active time period before providing the report to lower layers.
Beginning of Text Proposal
5.5.5
Measurement reporting

For the measId for which the measurement reporting procedure was triggered, the UE shall set the measuredResults within the MeasurementReport message as follows:

1>
set the IE measId to the measurement identity that triggered the measurement reporting;

1>
if the triggerType is set to ‘event’:
2>
set the neighbouringMeasResults to include all cells included in the cellsTriggeredList as defined within the VarMeasurementReports for this measId
1>
else:

2>
set the neighbouringMeasResults to include the applicable cells;

1>
ordered as follows:

2>
for each included cell include the filtered measured results in accordance with the reportConfigList defined in variable VarMeasurementConfiguration for that measId, as follows:

3>
If for E-UTRA the reportQuantity is set as ‘both’:

4>
 include the E-UTRA cells in order of decreasing triggerQuantity, i.e. the best cell is included first;

3>
else:

4> include the cells in order of decreasing reportQuantity, i.e. the best cell is included first.

1>
increment the numberOfReportsSent as defined within the VarMeasurementReports for this measId by 1;

1>
if the numberOfReportsSent as defined within the VarMeasurementReports for this measId is less than reportAmount as defined within the corresponding reporting configuration as defined in variable VarMeasurementConfiguration:

2>
stop the periodical reporting timer, if running;

2>
start the periodical reporting timer with the value of reportInterval as defined within the VarMeasurementConfiguration for this measId;

1>
else if the numberOfReportsSent as defined within the VarMeasurementReports for this measId is equal to reportAmount as defined within the corresponding reporting configuration as defined in variable VarMeasurementConfiguration:

2>
if the triggerType is set to ‘periodical’:

3> remove the entry within the VarMeasurementReports for this measId;
1>
if the measured results are for CDMA HRPD:

2>
set the hrpdPreRegistrationStatus to the UE’s cdma upper layer’s HRPD preRegistrationStatus;

1>
if the measured results are for CDMA 1xRTT:

2>
set the hrpdPreRegistrationStatus to `0’;

1>
submit the MEASUREMENT REPORT message to lower layers for transmission no later than during the next Active Time as defined in [6], upon which the procedure ends.

Editor's note:
It is FFS if, for the case of a SON report of the strongest cell(s) on the carrier, the UE is required to report more than one cell.

End of Text Proposal
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