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1.
Introduction
In this document, we investigate how current TS36.331[1] handles the numberOfReportsSent and related issues especially for event triggered reporting. 
2.
Discussion
The variable numberOfReportsSent is used by UE to determine whether the number of measurement report has now reached reportAmount that is configured by eNB to mandate the UE on how many times the UE shall report. Whenever UE sends measurement report, it shall increase the numberOfReportsSent unless the variable has not reached the reportAmount yet. 
Before starting discussion in detail, it is noted that reportAmount can be used for both ‘event triggered’ and ‘periodical’ reporting as defined in ASN.1 as follows:
	reportAmount
Number of measurement reports applicable for triggerType ‘event’ as well as for triggerType ‘periodical’. In case reportCGI is set to ‘TRUE’ only value 1 applies.


This means whenever reportAmount is hit by numberOfReportsSent, UE could assume anyhow the UE complete its obligatory reporting, in terms of number of transmissions of measurement reporting, that was configured by eNB. 
Regarding the handling of numberOfReportsSent, we identify some issues, and those issues are investigated in the below. 

Before we clarify issues, we first list up some selected UE behaviours regarding measurement as follows:
Note   One of agreed rule during measurements is that cellsTriggeredList is not involved in purely periodic reporting, but only in event triggered reporting. For purely periodic reporting, only ‘applicable cells’ are involved.
When a new cell is included in cellsTriggeredList: 

- During periodical reporting







not applicable
- During event triggered periodical reporting



reset numberOfReportsSent (ISSUE 1)
When a cell is removed from cellsTriggeredLis:t


- During periodical reporting







not applicable
- During event triggered periodical reporting



check if cellsTriggeredList is empty
When cellsTriggeredList is empty:

- During periodical reporting







not applicable
- During event triggered periodical reporting
remove the cellsTriggeredList from VarMeasurementReports and stop further reporting
(ISSUE 2)
When numberOfReportsSent reaches reportAmount:
- During periodical reporting
remove the entry for the concerned measId within  VarMeasurementReports

- During event triggered periodical reporting



do nothing (ISSUE 3)
As shown in the description above, the issues we are raising are related to the event triggered periodical reporting. To be more specific, raised issues are summarized as follows:

· ISSUE 1: Should numberOfReportsSent be reset whenever a cell is included in cellsTriggeredList ?

· ISSUE 2: Should the entry within VarMeasurementReports for the concerned measId be reset whenever cellsTriggeredList is empty?
· ISSUE 3: When numberOfReportsSent reaches reportAmount, the action to remove the entry within the VarMeasurementReports for this measId is specific to the periodical type of measurement.
ISSUE 1: Should numberOfReportsSent be reset whenever a cell is included in cellsTriggeredList ?
According to the current TS36.331, numberOfReportsSent seems to be tied with cellsTriggeredList. That is, whenever new cell is included in cellsTriggeredList (entry condition is satisfied), the numberOfReportsSent is reset. This implies that the definition of numberOfReportsSent would be the number of transmissions of measurement reports given that no additional cell was added to cellsTriggeredList since numberOfReportsSent was reset. Note that when a cell is removed from cellsTriggeredList (leaving condition is satisfied), the numberOfReportsSent is NOT reset.

The alternative definition could be such that numberOfReportsSent is tied with measId instead of cellsTriggeredList. If this alternative definition is applied, once measurement report for a certain measId begins to be sent, numberOfReportsSent continues to increase upon every transmission of measurement report for the measId. In this alternative, the definition of numberOfReportsSent is the number of transmission of measurement report corresponding to the measId for which UE has reported the measurement results since numberOfReportsSent was reset. The inclusion of entry in cellsTriggeredList would not reset numberOfReportsSent in this alternative.
For the comparison purpose, we list up two possible definitions on numberOfReportsSent:

Definition 1(current)


Number of transmissions of measurement reports given that no additional cell was added to cellsTriggeredList since numberOfReportsSent was reset.
Definition 2(alternative)

Number of transmissions of measurement reports corresponding to the measId for which UE has reported the measurement results since numberOfReportsSent was reset.
Potential problems with current definition:
Excessive Reporting
Under the dynamic radio condition, the cellsTriggeredList can be changed more frequently than ever. If the numberOfReportsSent is always reset upon the change of cellsTriggeredList due to entry inclusion, then it would take excessive time for numberOfReportsSent to reach reportAmount. That means UE would send measurement report much more times than reportAmount that was configured by eNB. We doubt how much the excessive measurement report would be a help for eNB. We note that the meaning of reportAmount is no more valid under the definition 1. 

Waste of radio resource

From the eNB perspective, it would be very hard or even impossible to know if the UE completes the measurement report in terms of configured number of reporting, since the eNB is not aware whether UE ever reset numberOfReportsSent or not. If UE continuously request the radio resource for its excessive reporting, significant radio resource would be wasted. I would stress the fact that the eNB has to always remember last measurement report sent by the UE in order to make a comparison on the number of reported cell so that it can guess whether numberOfReportsSent has been reset or not… which may not be the indented behaviour at the first place.
Consistency

the numberOfReportsSent is only reset when a new cell fulfils the entry condition. However, in case a cell is removed from cellsTriggeredList, the numberOfReportsSent is not reset.
Thus we propose to take the definition 2 as our underling assumption and corresponding UE behaviours to be proposed with the following reasons: 
· No excessive Reporting

If UE follows the definition 2, then UE would send measurement reports exact reportAmount times for the concerned measId. Thus we could keep reportAmount meaningful. 
· Ease of radio resource management 

eNB can easily knows if UE completes the measurement reports by comparing the number of measurement report it has received from the UE with the value reportAmount it had previously configured for this UE.
Proposal 1: Take definition 2 of numberOfReportsSent. Corresponding UE behaviours are suggested in the TP given in the last of this document. 
ISSUE 2: Should the entry within VarMeasurementReports for the concerned measId be reset whenever cellsTriggeredList is empty?
To investigate this issue, we extract a part of section 5.5.4.1:
	5.5.4.1
General


/* omitted */
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 VarMeasurementReports for this measId for a duration exceeding the value of timeToTrigger defined within the VarMeasurementConfiguration for this event:

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

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

4>
remove the entry within the VarMeasurementReports for this measId;
4>
stop the periodical reporting timer for this event, if running;


From the highlighted in yellow, we see the UE removes the entry within VarMeasurementReports for the measId upon the cellsTriggeredList being empty. The UE further blocks the transmission of measurement reporting by stopping the periodical timer. We have some concerns about this approach:
Potential Problems with current approach
Early Stop of Reporting 

Let’s take the example: eNB configured the UE to report 16 times for a certain measId that is linked with event triggering configuration. Now the UE just has sent 4 times and still have a long way to go (12 remaining reporting), but its cellsTriggeredList becomes empty temporary for some reason. The UE thus resets VarMeasurementReports. In this case, the eNB would not know whether the UE actually reset the VarMeasurementReports (so the remaining 12 times of measurement reporting are no longer expected by eNB)  or some radio link problem occurs during the transmission of measurement reporting (so eNB still expects the remaining 12 times of measurement reporting). We note that the meaning of reportAmount is no more valid with current approach.
Excessive Reporting

Let’s take another example: eNB configured the UE to report 4 times only. The UE has sent 3 consecutive reports, but its cellsTriggeredList becomes empty. It hence removes the entry for the concerned measId withinVarMeasurementReports. In case new cell(s) subsequently meet the criterion, the UE re-initiates the measurement reporting from the scratch until the number of transmission of measurement report reaches 4. If cellsTriggeredList becomes again empty before the numberOfReportsSent hits 4, then measurement still continues again and possibly again and so on. Note that during this scenario, the eNB is unable to evaluate the number of remaining reports to be sent by UE.
Thus we do not want UE to remove the entry cellsTriggeredList upon the entry being (temporary) empty. Instead, we propose to keep the cellsTriggeredList until the numberOfReportsSent hits reportAmount. The benefit would be such that:  

· No early stop of reporting & No excessive reporting

UE would send measurement report exact reportAmount times for the concerned measId. Thus we could keep reportAmount meaningful. eNB would hence know if UE completes the measurement reports by comparing the number of measurement report it has received from the UE with the value reportAmount it previous configured for the UE.
Proposal 2: Do not remove the entry cellsTriggeredList  upon the entry being empty. Instead, keep the cellsTriggeredList until the numberOfReportsSent hits reportAmount.
ISSUE 3: When numberOfReportsSent reaches reportAmount, the action to remove the entry within the VarMeasurementReports for this measId is specific to the periodical type of measurement. 

Proposal 3: Even in case of event-triggered reporting, when numberOfReportsSent reaches reportAmount, the UE has to remove the entry within the VarMeasurementReports for this measId
3.
Text Proposal
1st Modification begins

5.5.4.1
General

The UE shall:

1>
for each measId included in the measIdList within VarMeasurementConfiguration:
2>
if the triggerType is set to ‘event’ consider a neighbouring cell on the associated frequency/ set of frequencies (GERAN) to be applicable as follows:

3>
if the corresponding measObject concerns UTRA or CDMA2000: when the concerned cell is included in the cellsToAddModifyList defined within the VarMeasurementConfiguration for this measId (i.e. the cell is included in the white-list);

3>
if the corresponding measObject concerns GERAN: when the concerned cell matches the ncc-Permitted defined within the VarMeasurementConfiguration for this measId;

3>
if the corresponding measObject concerns EUTRA: when the concerned cell is not included in the blackListedCellsToAddModifyList defined within the VarMeasurementConfiguration for this measId;

2>
else consider a neighbouring cell on the associated frequency to be applicable as follows:

3>
if the corresponding measObject concerns UTRA or CDMA2000: when the concerned cell is included in the cellsToAddModifyList defined within the VarMeasurementConfiguration for this measId (i.e. the cell is included in the white-list) or the corresponding reportingConfig includes a purpose set to ‘reportStrongestCellsForSON’ or to ‘reportCGI’;

3>
if the corresponding measObject concerns GERAN: when the concerned cell matches the ncc-Permitted defined within the VarMeasurementConfiguration for this measId or the corresponding reportingConfig includes a purpose set to ‘reportStrongestCellsForSON’ or to ‘reportCGI’;

3>
if the corresponding measObject concerns EUTRA: when the concerned cell is not included in the blackListedCellsToAddModifyList defined within the VarMeasurementConfiguration 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 VarMeasurementConfiguration, is fulfilled for one or more applicable cells for a duration exceeding the value of timeToTrigger defined for this event within the VarMeasurementConfiguration while the VarMeasurementReports does not include an entry for this measId (a first cell triggers the event):

3>
include an entry within the VarMeasurementReports for this measId;

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

3>
include the concerned cell(s) in the cellsTriggeredList defined within the VarMeasurementReports for this measId, if not included;

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

2>
if the triggerType is set to ‘periodical’ and a (first) measurement result is available:

3>
include an entry within the VarMeasurementReports for this measId;

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

3>
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 VarMeasurementConfiguration, is fulfilled for one or more applicable cells not included in the cellsTriggeredList for a duration exceeding the value of timeToTrigger defined for this event within the VarMeasurementConfiguration (a subsequent cell triggers the event):


3>
include the concerned cell(s) in the cellsTriggeredList defined within the VarMeasurementReports for this measId, if not included;

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

2>
Upon expiry of the periodical reporting timer for this:
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 VarMeasurementReports for this measId for a duration exceeding the value of timeToTrigger defined within the VarMeasurementConfiguration for this event:

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




1st Modification ends

2nd Modification begins

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> 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, 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.

2nd Modification ends
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