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1 Introduction

During RAN2#91bis, RAN2 made the following conclusions:

Agreements

=>
The UE adapts the filter coefficient to adapt to missed measurements (no additional configurable parameters provided for this)

=>
FFS: UE resets the filter when it was last updated more than a configurable time ago.

A subsequent email discussion was started to discuss the FFS. In this contribution we want to indicate our view on the L3 filtering and the potential reset.

2 Varying delay between samples from L1
36.331 already has some consideration for the case that input from L1 is not received every 200ms. The following text can be found in section 5.5.3.2:

-------

2>
adapt the filter such that the time characteristics of the filter are preserved at different input rates, observing that the filterCoefficient k assumes a sample rate equal to 200 ms;

NOTE 4:
The filter input rate is implementation dependent, to fulfil the performance requirements set in [16]. For further details about the physical layer measurements, see TS 36.133 [16].

--------

The text so far in 36.331 is to address an implementation in which the L1 provides the measurement results with a rate different from once every 200ms to the L3-filter e.g. every 40ms.  The text is not really intended to cover a situation in which the L1 measurement results are received at with varying time intervals, which is the situation we will experience in LAA.

The UE measurement performance, and thus also system performance, will directly depend on how the UE applies the filtering. For this reason we think it would be good to specify in detail how the UE has to perform the filtering.  Therefore following proposal:
	tn : time at which Mn is delivered to the L3-filter by L1
a = 1/2(k/4)
a0 = 1

an = (1-a) ((tn-tn-1)/200ms)  , for n > 1
Proposed updated filtering formula:



Fn = an * Fn-1 + (1-an) * Mn 



Note that the proposed formula can replace the existing formula since it will produce the same results as the legacy specification for the case when L1 values are received  with a fixed periodicity.

Proposal 1:  
Replace the existing L3-filtering in section 5.5.3.2 with the proposed updated L3-filtering formula.

3 New problem in LAA: reset needed ?
LAA brings introduces a new problem:

· Legacy: so far if the UE is not able to detect SS or CRS for a cell it was able to perform a measurement on before (i.e. UE moving out of coverage), the L1 will report the lowest measurement result to the L3 filter.  This will e.g. lead to the triggering of an RRC event like “going below threshold”.

· LAA: if now the UE is not able to detect SS/DRS for a prolonged period of time, in our understanding the UE will not be able to make a hard decision on whether this is due to LBT or due to going out of coverage.  Thus we understand that, in deviation from legacy behaviour, when going out of coverage L1 will not provide any L1 measurement results to the L3-filter.

In our RAN1 contribution R1-155470  we simulated the likelyhood the UE is not able to received a DRS for a certain period while in coverage, assuming a 40ms DMTC period. The figure below shows the case of multiple DRS transmission attempts per DMTC (in accordance with RAN1 decisions).
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Figure 1: Likelyhood of L1 DRS measurement spacing
As one can see, it is quite unlikely that the L3-filter will not receive a L1  measurement result for an LAA for a longer period of time while in coverage due to LBT. I.e. even if the LAA cell is highly loaded, still the probability of receiving a L1 result at least within e.g. 600ms > 99%.

As a result, we can conclude that if the UE does not receive a L1 measurement result for a longer period of time (e.g. 600ms), it is likely that the UE went out of LAA cell coverage.

Proposal 2:  
Agree that if the UE is not able to receive any L1 measurement result for a longer period of time (e.g. 600ms), this should be considered caused by going out of coverage and not due to LBT.

Based on proposal 2, we propose that the eNB can configure the UE with a timer value Tfilterstop. If the L3 filter does not receive a value from L1 for longer than this timer, it shall conclude that the absence of L1 measurement results is not related to LBT but due to going out of coverage. We propose a configurable timer value since different networks might want to use different values e.g. if LAA carriers are lowly loaded, a shorter time value might be preferable.  
What should be the L3-filtering actions when the timer expires ? If the L3-filter would just consider the lowest measurement value as the next L1 input to the L3-filter, the L3-filter would be performing unnecessary averaging thereby potentially delaying UE event reports. The same is true for the case the UE receives a first measurement report again after a period of no L1 measurements. Therefore the following proposals:

Proposal 3:
It is proposed that eNB configures a Tfilterstop timer value.

· Every time the L3-filter receives a L1 measurement result for an LAA-cell, the corresponding timer is (re-) started.

· When the timer expires, L3-filtering is stopped for this measurement quantity and the output of the L3-filter is set to the lowest measurement value.

Proposal 4:
When a new L1 measurement result is received while L3-filtering is stopped, the L3-filtering considers this measurement result as the first  input to the L3-filter, and L3-filtering is again started.

4 Resulting behaviour

Figure 2 / Table 1 show the resulting behaviour when the proposals from this contribution are taken into account for two hypothetical RSRP LAA measurement examples: 
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Figure 2: LAA RSRP L3-filtering result example
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Table 1: LAA RSRP L3-filtering result example

As can be seen in figure2/table1, which is a kind of worst case example because due to LBT many L1 measurement results are skipped, while measurement results are received from L1, Fn-LAA1 and Fn-LAA2 examples follows the normally filtered Fn quite well. When the L1 is no longer able to obtain measurement results (UE walked out of coverage), the filtered values Fn-LAAx follow with some delay (Tfilterstop = 600ms).
5. Conclusion
RAN2 is requested to discuss and if possible agree on the following proposals:
Proposal 1:  
Replace the existing L3-filtering in section 5.5.3.2 with the proposed updated L3-filtering formula.

Proposal 2:  
Agree that if the UE is not able to receive any L1 measurement result for a longer period of time (e.g. 600ms), this should be considered caused by going out of coverage and not due to LBT.

Proposal 3:
It is proposed that eNB configures a Tfilterstop timer value.

· Every time the L3-filter receives a L1 measurement result for an LAA-cell, the corresponding timer is (re-) started.

· When the timer expires, L3-filtering is stopped for this measurement quantity and the output of the L3-filter is set to the lowest measurement value.

Proposal 4:
When a new L1 measurement result is received while L3-filtering is stopped, the L3-filtering considers this measurement result as the first  input to the L3-filter, and L3-filtering is again started.

