Page 1



3GPP TSG-RAN2 Meeting #31 
R2-021878
Arlanda, Sweden, 19-23 August, 2002
Agenda Item:
6.13
Source: 
QUALCOMM Europe

Title: 
Corrections to event 1C formula

Document for:
Discussion and decision

Introduction

The formulas for event 1C have a "<" or ">" sign in the leaving condition and a "≤" or "≥" in the triggering condition. If two cells have an identical measured quantity for an extended period of time, the active set may continuously be updated due to the continuous triggering of event 1C.

Discussion

Let's assume that cell A and cell B have identical measured quantity and that the Cell Individual Offset (CIO) and Hysteresis (H) are all set to 0 by UTRAN. Only cell A is part of the active set. According to the equations 1 or 2 cell B will then trigger a measurement report for event 1C.

[…from TS 25.331v3.b.0…]

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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[…]

UTRAN will likely replace cell A with cell B in the active set.

If cell A and cell B have still identical measured quantity after the completion of the active set update procedure, cell A will trigger again a measurement report for event 1C, according to equation 1 or 2, because they both include the equality sign.

Again, UTRAN will likely replace cell B with cell A and the whole cycle will be repeated, endlessly.

Problems created by the current formulas of event 1C

We have shown how event 1C can be triggered endlessly if two cells have identical measured quantity. The ensuing cyclical active set update procedures would not improve the quality of the active set, and would not only waste processing resources in the S-RNC/UE, but also create unnecessary Iub/Iur traffic. Unfortunately, this is not the only problem created by the presence of "≤" or "≥" in equation 1 or 2.

In the cases described above, the UE will not include in the MEASUREMENT REPORT message the active set cell that has caused the triggering of event 1C. In fact, the UE procedure states:

[…from TS 25.331v3.b.0…]

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 equations 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, not taking into account the cell individual offset for each cell.

[…]

If cell A is part of the active set, and cell B, which is not in the active set, has identical measured value with respect to cell A, the UE will not include cell A in the MEASUREMENT REPORT message, since cell A is not worse than cell B, but just equal to cell B. As a result, UTRAN might be confused by such a report, since it may not know which active cell to replace.

Possible mitigation techniques

Use of long time to trigger value for event 1C

UTRAN could setup event 1C with a long time to trigger. This would minimize the possibility that two cells have identical measured values, resulting in a lower probability to trigger event 1C. However, a long time to trigger might delay the addition of good cells to the active set, potentially resulting in more dropped calls. Moreover, there are instances in which the measured values of two cells will remain identical for a long period of time, e.g. in the middle of a softer handover area. For these cases the long time to trigger would not solve our problems.

Use of a hysteresis (H) value larger than 0.

If the value H is larger than 0, the problems described in the previous sections would  not happen. However, also in this case the addition of good cells may be unnecessary delayed. As a consequence, the probability of dropping a call might increase in all the cases in which a very fast event reporting and soft handover execution are a necessity.

Reporting the quality of all cells in the active set in each MEASUREMENT REPORT message

UTRAN could ask to report, as an additional measurement, the measured quality of all the cells in the active set, whenever event 1C is triggered. This way UTRAN would know which is the cell to replace, but this would not avoid the transmission of useless MEASUREMENT REPORT messages, nor the unnecessary active set update procedures. Moreover, all the MEASUREMENT REPORT messages for event 1C would have to carry information on the whole active set, that may not be always needed, resulting in a waste of signalling resources and processing power.

Possible standard changes

As described above, none of the mitigation techniques are satisfactory. We propose below alternative standard fixes.

1. Correction of the formulas

"≤" and "≥" in equations 1 and 2 would have to be replaced with "<" and ">", respectively.

">" and "<" in equations 3 and 4 would have to be replaced with "≥" and "≤", respectively.

This would align the equations with the procedures of section 14.1.2.3. 

Backward compatibility analysis

If the UE implements the CR, it will simply not generate the useless MEASUREMENT REPORT messages described in the reason for change. 

If UTRAN does not implement it, it will expect a report also when two cells have identical measured values, and it will act accordingly. If such measurements are not sent anymore, UTRAN should have no problem to cope with this situation.
If UTRAN implement this CR it will have to cope with old UEs (which do not implement it), therefore, UTRAN development may not be affected at all by this CR.
2. Correction of the procedure

The UE shall always include in "cell measurement event results" the active set cell that is responsible for the triggering of event 1C. Also this change would align the equations with the procedures of section 14.1.2.3, but it would not avoid unnecessary transmissions of MEASUREMENT REPORT messages.

Conclusion

Even if both changes would align the formulas with the procedure for event 1C, only the first one would solve the general problem described in the introduction. It is proposed to correct the formulas as detailed in the attached CR.
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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 equations 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, not taking into account the cell individual offset for each cell.

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, taking into account the cell individual offset for each cell;

5>
set the IE "measured results" and the IE "additional measured results" according to subclause 8.4.2, not taking into account the cell individual offset for each cell.

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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