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1
Introduction

In LTE Rel-8, the parameter s-Measure is used to reduce the amount of neighbor cell measurements when the RSRP of the Rel-8 serving cell is sufficiently high [1]. In this way the UE power is saved as it reduces the unnecessary measurement of the neighboring cells. The Rel-8 s-Measure criterion is tied to the Rel-8 Serving Cell RSRP level. In Rel-10, the UE may now be served by several cells (PCell and SCells), and there is therefore a need to clarify how to define the s-Measure criterion in case of UEs supporting carrier aggregation. The definition of s-Measure has already been discussed in [3]and [4].
2
Carrier Aggregation and s-Measure criterion
In Rel-8, the parameter ​s-Measure can be used to reduce the UE measurement activity when the Serving Cell is sufficiently strong. UE performs the measurements of the neighbouring cells in Rel-8 on the intra/inter frequencies and RATs indicated in the concerned measObject if one of the conditions is satisfied:

Condition 1: s-Measure is not configured; or 
Condition 2: s-Measure is configured and the serving cell RSRP, after layer 3 filtering, is lower than this value.
As shown here, the Rel-8 s-Measure criterion is tied to the Rel-8 Serving Cell RSRP level. It is used as a serving reference for the Rel-8 measurement events A3, A5 and B2. In Rel-10, the UE may now be served by several cells (PCell and SCells), and there is therefore a need to clarify how to evaluate the s-Measure criterion in case of UEs supporting carrier aggregation. 
The simplest question is whether s-Measure affects measurements on each CC individually, or whether measurement activity is controlled by e.g. only PCell RSRP level.  Having s-Measure follow PCell only, i.e. the PCell RSRP level would determine the measurement activity on all CCs, would not be sufficient. Since the signal level especially in case of deployments like Scenario 3 where the SCell coverage is not a true subset of the PCell coverage. Thus, the s-Measure should at least be applied individually for the intra-frequency measurements of each CC. 
Also, since the “Best CC” options were ruled out in the measurement e-mail discussion in RAN2#69bis [2], it would be natural to have the s-Measure follow the PCell for inter-frequency and inter-RAT measurements (just as it does for Rel’8/9):

As for intra-frequency measurements, as shown in Figure 1, there are (at least) three alternatives of how s-Measure could be utilised with UEs supporting carrier aggregation:

Alternative 1: Same s-Measure value for the PCell and SCells.
Alternative 2: Same s-Measure for all SCells and a different one for the PCell.
Alternative 3: Completely different s-Measure values for PCell and SCells.
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Figure 1: CCs and their individual s-Measure Values
Alternative 1 would mean that the intra-frequency measurements on each cell would be stopped individually depending on the common s-Measure threshold. Alternative 2 would have one s-Measures for the PCell and one s-Measure for the SCells (but the s-Measure would be applied indiv. Finally, Alternative 3 gives the most flexibility for network to configure the measurement rules for each serving cell.

Alternative 1 would be the simplest: There is only one s-Measure that is applied to all CCs, so the network has least configuration effort (only one value), but there is a lack of flexibility: Same threshold value might not be good for all CCs. Alternative 2 would allow more flexibility and separation of PCell and SCell thresholds, and Alternative 3 would be even more flexible,  giving network enough flexibility to configure measurement events with different s-Measure values for their respective CCs. 
When evaluating the alternatives, it should be remembered that the goal of s-Measure is to allow UE power savings by allowing UE to stop measurements when they are not needed. And if the network does not want to allow UE to do this, it only need not configure the s-Measure. From power consumption point of view, the ideal situation would be that each CC is configured with a well-chosen s-Measure threshold that enables UE to stop monitoring the neighbour cells on that CC. However, since there are currently only intra-frequency measurements for SCCs, it may not save so much power to reduce the measurements of neighbour cells on SCCs, since UE would anyway be required to measure the SCells themselves. And as for PCC, the most savings would likely come from stopping inter-frequency/RAT measurements linked to PCell, which is enabled by all of the alternatives, all of the alternatives would be fine. While several s-Measure thresholds enable more flexible network operation, the more s-Measures there can be, the more complex the UE implementation and the network configuration become. And while alternative 3 might, in the best case, be able to reduce the UE power consumption the most (assuming very well configured s-Measure thresholds), from practical viewpoint it also requires most fine-tuning and signalling, and therefore runs the risk of the network never using it. Therefore, Alternative 1 or Alternative 2 could be preferable as being less complex. Based on the above discussion, we propose the following:   

Proposal 1: The current s-Measure would be based on PCell for inter-frequency/RAT measurements, just as it does for Rel’8/9.
Proposal 2: RAN2 is invited to discuss which of the alternatives 1-3 given would give the best power savings for CA. 
4
Conclusion

In the present contribution, we have analyzed the Rel-8 s-Measure parameter and its application to Rel-10 when a UE can be served by multiple downlink cells (PCell and SCells). In LTE Rel-8, the parameter s-Measure is used to reduce the neighbor cell measurements when the RSRP of the Rel-8 serving cell is sufficiently high.

We hereby analyze the possibilities of how s-Measure is tied with CCs of the UEs supporting carrier aggregation and finally propose the following:
Proposal 1: The current s-Measure would be based on PCell for inter-frequency/RAT measurements, just as it does for Rel’8/9.
Proposal 2: RAN2 is invited to discuss which of the alternatives 1-3 given would give the best power savings for CA. 
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