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Introduction

This issue was discussed in RAN WG2 #28. See [1].

Discussion

The current description of event 1C does not include any provision for the case in which a member of the active set becomes very weak. Since event 1C is determined by the weakest member of the active set, if any active set cell becomes suddenly very weak, many cells will trigger event 1C. In case of "pilot pollution" there could be a dozen of reports due to the triggering of event 1C because a member of the active set is becoming weaker than a series of weak pilots.

We believe that the purpose of event 1C is to signal a cell that is a potential candidate in the active set, therefore, if a dozen of weak pilots is reported, potentially in a dozen of different messages, and UTRAN tries to add these pilots to the active set, a lot of resources could be wasted.
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Figure 2: Proposed correction to event 1C

In the above figure CPICH 1 and CPICH 2 are in the active set. CPICH 3 enters the reporting range and then it becomes better than the active CPICH 2, so triggering 1C. Then CPICH 2 becomes very weak and, according to the current description, CPICH 4, CPICH 5, CPICH 6 and CPICH 7 would trigger event 1C. In the figure it is proposed to limit the triggering of event 1C to the weakest CPICH in the active set, or to the reporting range of event 1A, whichever is lower, i.e. the red line. In this way, a pilot would not trigger event 1C unless it also meets the conditions for event 1A. In case Event 1A is not defined, the threshold defined in event 1E could be used as lower bound. If event 1A and 1E are not defined, the UE behaviour will be the same as in the current specification.

We understand that such corrections are quite significant, but we also believe that the current description of event 1C is incomplete, since it does not take into account the potential problem described above.

Conclusion

At RAN WG2 #28 more time was requested by several companies to analyse the problem here described and the proposed solution. A CR to TS 25.331 is attached.
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14.1.2.3
Reporting event 1C: A non-active primary CPICH becomes better than an active primary CPICH

When an intra-frequency measurement configuring event 1c is set up, the UE shall:

1>
create a variable TRIGGERED_1C_EVENT related to that measurement, which shall initially be empty;

1>
delete this variable when the measurement is released.
When event 1C is configured in the UE, the UE shall:

1>
if "Measurement quantity" is "pathloss" and Equation 1 below is fulfilled for one or more primary CPICHs, or if "Measurement quantity" is "CPICH Ec/N0" or "CPICH RSCP", and Equation 2 below is fulfilled for one or more primary CPICHs, for each of these primary CPICHs:

2>
if all required reporting quantities are available for that cell; and

2>
if the primary CPICH of the cell also fulfils Equation 1 ("Measurement quantity" is "pathloss") of event 1A or Equation 2 ("Measurement quantity" is "CPICH Ec/N0" or "CPICH RSCP") of event 1A, in case event 1A is defined; and

2>
if the primary CPICH of the cell also fulfils Equation 1 ("Measurement quantity" is "pathloss") of event 1E or Equation 2 ("Measurement quantity" is "CPICH Ec/N0" or "CPICH RSCP") of event 1E, in case event 1E is defined and event 1A is not defined; and

2>
if the equations below have been fulfilled for a time period indicated by "Time to trigger", and if the primary CPICH that is better is not included in the active set but the other primary CPICH is any of the primary CPICHs included in the active set, and if that first primary CPICH is not included in the "cells triggered" in the variable TRIGGERED_1C_EVENT:

3>
include that primary CPICH in the "cells recently triggered" in the variable TRIGGERED_1C_EVENT.

1>
if the value of "Replacement activation threshold" for this event is less than or equal to the current number of cells in the active set or equal to 0 and if any primary CPICHs are stored in the "cells recently triggered" in the variable TRIGGERED_1C_EVENT:

2>
if "Reporting interval" for this event is not equal to 0:

3>
if the IE "Periodical reporting running" in the variable TRIGGERED_1C_EVENT is set to FALSE:

4>
start a timer for with the value of "Reporting interval" for this event and set the IE "Periodical reporting running" in the variable TRIGGERED_1C_EVENT to TRUE.

3>
set "sent reports" for that primary CPICH in the variable TRIGGERED_1C_EVENT to 1.

2>
send a measurement report with IEs set as below:

3>
set in "intra-frequency measurement event results": "Intrafrequency event identity" to "1c"; and

3>
include in "cell measurement event results" all entries of the "cells recently triggered" in the variable TRIGGERED_1C_EVENT not in the active set as well as the "primary CPICH info" of all the primary CPICHs in the active set for which the measured value is worse (i.e. greater for pathloss and less for the other measurement quantities) than the one of the entry in "cell recently triggered" that has the best measured value. The "primary CPICH info" for those cells shall be ordered according to their measured value taking into account their cell individual offset, beginning with the best cell to the worst one;

3>
set the IE "measured results" and the IE "additional measured results" according to subclause 8.4.2.

2>
move all entries from "cells recently triggered" to "cells triggered" in the variable TRIGGERED_1C_EVENT.

1>
if the timer for the periodical reporting has expired:

2>
if any primary CPICH is included in the "cells triggered" in the variable TRIGGERED_1C_EVENT, and not included in the current active set:

3>
if "Reporting interval" for this event is not equal to 0, and if "Amount of reporting" is greater than "sent reports" stored for that primary CPICH, in "cells triggered" in the variable TRIGGERED_1C_EVENT:

4>
increment the stored counter "sent reports" for all CPICH in "cell triggered" in variable TRIGGERED_1C_EVENT;

4>
start a timer with the value of "Reporting interval" for this event;

4>
send a measurement report with IEs set as below:

5>
set in "intra-frequency measurement event results": "Intrafrequency event identity" to "1c"; and

5>
include in "cell measurement event results" all entries of the variable TRIGGERED_1C_EVENT with value of IE "sent report" smaller than value of "Amount of reporting" and that are not part of the active set as well as the "primary CPICH info" of all the primary CPICHs in the active set for which the measured value is worse (i.e. greater for pathloss and less for the other measurement quantities) than the one of the entry in "cell recently triggered" that has the best measured value, ordering the "primary CPICH info" according to their measured value beginning with the best cell to the worst one;

5>
set the IE "measured results" and the IE "additional measured results" according to subclause 8.4.2.

4>
if "sent reports" in variable TRIGGERED_1C_EVENT is greater than "Amount of reporting" for all entries:

5>
set the IE "Periodical Reporting running" in the variable TRIGGERED_1C_EVENT to FALSE and disable the timer for the periodical reporting.

1>
if "Measurement quantity" is "pathloss" and Equation 3 below is fulfilled for a primary CPICH, or if "Measurement quantity" is "CPICH Ec/N0" or "CPICH RSCP", and Equation 4 below is fulfilled for a primary CPICH:

2>
if that primary CPICH is included in the "cells triggered" in the variable TRIGGERED_1C_EVENT:

3>
remove the entry of that primary CPICH from "cells triggered" in the variable TRIGGERED_1C_EVENT.

3>
if no entry in the variable TRIGGERED_1C_EVENT has a value of "sent reports" smaller than "Amount of reporting":

4>
stop the reporting interval timer;

4>
set the IE "Periodical reporting running" in the variable TRIGGERED_1C_EVENT to FALSE.

Equation 1 (Triggering condition for pathloss)
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Equation 2 (Triggering condition for all the other measurement quantities)
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Equation 3 (Leaving triggering condition for pathloss)
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Equation 4 (Leaving triggering condition for all the other measurement quantities)
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The variables in the formula are defined as follows:

MNew is the measurement result of the cell not included in the active set.

CIONew  is the individual cell offset for the cell becoming better than the cell in the active set if an individual cell offset is stored for that cell. Otherwise it is equal to 0.

For pathloss:

MInAS is the measurement result of the cell in the active set with the highest measurement result.

For other measurement quantities:

MInAS is the measurement result of the cell in the active set with the lowest measurement result.

CIOInAS  is the individual cell offset for the cell in the active set that is becoming worse than the new cell.

H1c is the hysteresis parameter for the event 1c.

If the measurement results are pathloss or CPICH-Ec/No then MNew and MinAS are expressed as ratios.

If the measurement result is CPICH-RSCP then MNew and MinAS  are expressed in mW.
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Figure 14.1.2.3-1 [Informative]: A primary CPICH that is not included in the active set becomes better than a primary CPICH that is in the active set

In this figure, the parameters hysteresis and time to trigger, as well as the cell individual offsets for all cells are equal to 0. In this example the cells belonging to primary CPICH 1 and 2 are in the active set, but the cells transmitting primary CPICH 3 and CPICH 4 are not (yet) in the active set.

The first measurement report is sent when primary CPICH 4 becomes better than primary CPICH 2. The "cell measurement event result" of the measurement report contains the information of primary CPICH 4 and CPICH 2.

Assuming that the active set has been updated after the first measurement report (active set is now primary CPICH 1 and primary CPICH 4), the second report is sent when primary CPICH 3 becomes better than primary CPICH 1. The "cell measurement event result" of the second measurement report contains the information of primary CPICH 3 and primary CPICH 1.

[…]

14.1.4.2
Cell replacement failure (FDD only)
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Figure 14.1.4.1-2: Periodic reporting triggered by event 1C

When a cell enters the replacement range and triggers event 1C, the UE shall transmit a MEASUREMENT REPORT to the UTRAN and typically this may result in the replacement of the weakest active cell. If the UTRAN is unable to replace the cell due to for example capacity shortage, it is beneficial to receive continuous reports in this case as well.

The UE shall revert to periodical measurement reporting if the UTRAN does not update the active set after the transmission of the measurement report. This is illustrated in Figure 14.1.4.1-2. During periodic reporting the UE shall transmit MEASUREMENT REPORT messages to the UTRAN at predefined intervals. The reports shall include reporting information of the cells in the current active set and of the monitored cell(s) in the replacement range.

Event-triggered periodic measurement reporting shall be terminated if:

1>
there are no longer any monitored cell(s) that satisfy all the conditions for triggering event 1C ; or

1>
the UTRAN has removed cells from the active set so that there are no longer the minimum amount of active cells for event 1C to be triggered (as defined by the replacement activation threshold parameter); or

1>
the UE has sent the maximum number of MEASUREMENT REPORT messages (defined by the amount of reporting parameter).

The reporting period is assigned by the UTRAN (with the Reporting interval parameter). If the reporting interval is set to zero, event-triggered periodic measurement reporting shall not be applied.

[…]
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