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1 Introduction
RAN2 is working on how to adjust the existing RRM framework for the sake of LAA. Something which needs to be addressed is how Layer-3 filtering should be done.
2 Layer 3 filtering

When the UE performs RRM measurements (e.g. RSRP measurements), the UE will apply layer 3 filtering. This filtering is done in RRC. RRC receives from the physical layer a new measurement sample (M), this new measurement is filtered by the following equation. One motivation for the filtering is to avoid the UE triggering a measurement report just due to a temporary spike in e.g. RSRP. The layer-3 filtering is done according to:
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On LAA cells the eNB will drop some transmissions and hence the UE will not have any signal to measure on as the UE will detect DTX and the physical layer will not report anything to RRC. RAN2 needs to decide what the UE should do in case of missed sample. We foresee the following possible alternatives:

A. UE assumes a missed sample takes the value of the last known sample.
B. UE assumes a missed sample takes the value of the currently Layer-3 filtered value.
C.  UE does not take missed samples into account, but adjusts the Layer-3 filtered value to compensate for missed samples.

These three alternatives are illustrated in the figures below.

2.1.1 Alternative A

In this alternative the UE will assume that a missed sample takes the value of the last known sample, i.e. Mn = Mn-1.
In the figure below it is shown what the UE would measure. It is shown real samples I solid blue bars and "assumed"/"fake" samples with dashed blue bars. The red dots indicate the current Layer-3 filtered value. As can be seen, when a sample is missed the UE assumes a sample equalling the previous real sample and the layer-3 filtered value would therefore approach the last real sample during a period of silence.
While assuming samples will ensure that the Layer-3 filtering mechanism always has a sample available to be averaged in to the Layer-3 filtered value, it would introduce artificial errors as the UE would make assumptions about the channel and these are in general not correct.

Observation 1 Alternative A would introduce artificial errors in the Layer-3 filtered value.
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2.1.2 Alternative B

In this alternative the UE will assume that a missed sample takes the value of the current averaged value, i.e. Mn = Fn-1.
In the figure below it is shown when a sample is missed the UE will assume a fake value which is set to the current Layer-3 filtered value. Also here, when the UE misses a sample the UE comes up with a fake value, which in this case will be assumed to be the current Layer-3 filtered value. When later a real sample is made the faked values will be biasing the Layer 3 filtered value and we assume it is not suitable to bias the Layer-3 filtered value with fake values as this would also introduce artificial errors. So, similarly to Alternative A, also this alternative would introduce artificial errors in the Layer-3 filtered value.

Observation 2 Alternative B would introduce artificial errors in the Layer-3 filtered value.
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2.1.3 Alternative C

With alternative C, the UE takes into account only real measurements and adjusts the Layer-3 filtered value to compensate for missed samples. The older the previous sample is the less weight should be given to the previous value. This is shown in the figure below where the UE would, after a long silent period, let the old value have little or no impact in to the resulting Layer-3 filtering.
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The UE would therefore, when a new sample is made, multiply the previous filtered value and the new sample weights such that samples have less impact the older they are. I.e.:
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3 Conclusion

With Alternative A and B the UE would make up fake samples and these fake samples are averaged in to the layer-3 filtered value and since this would introduce artificial errors to the layer-3 filtered value we think this should be avoided.

Proposal 1 Only real/actual samples should be averaged in to the Layer-3 filtered value.

However to handle silent periods during which no samples are made the UE should put less weight to the existing sampled value when it is old, and more weight to the new sample. We propose:
Proposal 2 When receiving a new sample the UE calculates the new Layer-3 filtered value by giving lower weights to the existing filtered value and higher weight to the new sample, if the existing filtered value is old.
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