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1. Introduction
With the current Layer 3 filtering mechanism defined in the RRC specification TS 36.331, some problems arise due to the fact that there can be only a few samples before which the filtered measurement needs to be evaluated and reported. One such scenario is the emergency handover situation, where there are not many measurement reports for the network to base a handover decision on. In such, scenarios, the current mechanism is deficient and it is possible to improve the reliability of handover and call drop performance by suitably modifying the Layer 3 filter. In this contribution, we describe this problem in detail and propose a modification that can mitigate the problem.
2. Emergency handover

Emergency handover situations can occur quite frequently in typical micro-cell urban deployments. A UE in connected mode that moves around a huge blocking object (eg. a series of skyscrapers) can suffer a large degradation in its serving cell power suddenly. A neighbor cell that was hitherto undetectable becomes identifiable by the UE at this moment. Assuming that the UE is configured measurement reporting to detect such events, the network relies on the Layer 1 and 3 filtering mechanisms to reliably identify such events quickly so that the UE can be handed over to a suitable cell and the call is not dropped. Irrespective of the mode that the UE is operating in (non-DRX or DRX) and the carrier frequency that has deployed neighbor cells which are suitable (intra-frequency or inter-frequency), the network does not know the exact instant at which the UE is able to identify a new neighbor cell and start measurements on it.
The network typically has the option of controlling the Layer 3 (L3) filter by configuring suitable time-to-trigger (TTT) and L3 coefficient (k). But, these offer limited help in emergency handovers situations. In emergency handovers, the network might have to handover the UE after one measurement report and in this scenario, the accuracy of L3 filtered RSRP/RSRQ measurement (sent after ascertaining that the triggering criterion holds for TTT amount of time) affects the handover performance. One can envision the following problems.
1. Missed-reporting:

Because of the inaccuracy in the L3 filtered measurement, the UE can fail to trigger a measurement report resulting in a dropped connection.

2. False-reporting: 

The inaccuracy in the measurements can lead to the reporting criterion being satisfied over the duration of TTT and a subsequent report being sent even when the actual signal level is outside the reporting range.

3. Handover inefficiency:

One neighbor cell can get falsely ranked higher than another neighbor cell (stronger than the first 
neighbor cell) leading to either handover failure or handover inefficiency.
To address these scenarios we propose a method for improving the L3 filtering to enable an UE to report more accurate RSRP/RSRQ measurements in Section 4 of this contribution. In the next section, we detail the current L3 filtering mechanism and discuss some problems associated with it.
3. Issues with current L3 filter
The L3 filter is defined as an infinite impulse response filter (IIR) on the L1 measurements in log-domain in [1] as below.
The filtering shall be performed according to the following formula.
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The variables in the formula are defined as follows:

Fn is the updated filtered measurement result

Fn-1 is the old filtered measurement result

Mn is the latest received measurement result from physical layer measurements, the unit used for Mn is the same unit as the reported unit in the MeasurementReport message or the unit used in the event evaluation.

a = 1/2(k/4), where k is the parameter received in the filterCoefficent field of the IE QuantityConfig. 
This log-IIR filter is used to stabilize the L1 measurements to provide some protection against noise in the measurements. Together with TTT, it is also used to check if a triggering condition holds for certain duration of time before a measurement report is actually sent on the UL.
There are problems with such a filtering mechanism when there are very few measurements. In particular, we note the following points.

1. The TTT criterion checks that the L3 evaluation is persistent over a window of time. Even in the non-DRX case, the number of successive L3 evaluations that the TTT checks for is quite small (= 3-5, for TTT = 100-200 ms). 

2. The log-IIR filter results in a biased estimate of the RSRP/RSRQ levels (for example, even in static channels). When there is insufficient L3 averaging, the bias and the variance in the averaged quantity can lead to large variations of the estimate around the nominal.

3. As described earlier, when for example, the user turns a corner resulting in change in signal levels, the base station does not know the exact instant the UE is able to detect a neighbor cell. This applies to both on intra-frequency and inter-frequency cell identification in both non-DRX and DRX modes. The base station therefore does not have a mechanism to send a RRC measurement reconfiguration message to change the L3 coefficient/TTT based on the situation. For example, it cannot dynamically program a larger TTT for the case when a cell is newly detected at the “right” instant.

4. When the UE has just found a cell, because of insufficient measurement history, the inaccuracy in the L3 filter output can lead to the following two problems.

· False triggering: The bias/variance in the estimate can lead to the reporting criterion being satisfied over the duration of TTT and a subsequent report being sent even when the actual signal level is outside the reporting range.

· Triggering failure: The actual signal level is in the reporting range, but the L3 filter evaluates to something outside the range at least once in the TTT duration leading to a failure to trigger a measurement report.

5. One way to address the problem of L3 filter bias/variance leading to false triggering/triggering failure when there is insufficient measurement history is to define better filtering mechanisms.

4. Hybrid approach to L3 filtering

Towards mitigating the problems identified with the current log-IIR filtering mechanism, we propose some modifications to the L3 filter. We re-define the L3 filter as follows,
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where 
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 is a function that maps the first n  L1 measurements to an average. We denote this filter as the “hybrid L3 filter”.
Assume that 
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We then define
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In other words, we average both the numerator and denominator before taking the ratio and the logarithm. For the case of RSRP, this reduces to 
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, where 
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’s correspond to the L1 measurement of RSRP. For the case of RSRQ, 
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correspond to L1 measurements RSRP and RSSI respectively. 
In addition, the reporting criterion is modified as follows: 

1) For the duration of time 
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correspond to instants at which L1 updates measurements to L3 up until 
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 amount of time after the first measurement report for a new cell is received by Layer 3.
2) For 
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, a measurement report is sent if the triggering condition is satisfied only if the triggering condition holds for TTT amount of time. 
(Note: In the current reporting criterion, as per [1], rule 2) above applies for all 
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The quantity 
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 is signaled by the network. One option is to choose 
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 to be identically same as TTT.

A schematic diagram of the hybrid filter implementation is shown in Fig. 1. With this approach, there are two options for reporting the measurement if the triggering condition holds at 
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Option 1: The measurement report is sent at 
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Option 2: The measurement report is sent at 
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Option 1 might be preferred in non-DRX mode of operation. Option 2 might be preferred in DRX mode of operation.


[image: image23.emf]T

1 

ms

t=0

n=1 n=2

n=N

 

12

,,,

n

fMMM



 

1

1

nn

aFaM





n=N+1

Option 1: Measurement 

report sent at

n=N

Option 2: Measurement 

report sent at

n=N+1


Figure 1. A schematic diagram of the hybrid Layer 3 filter implementation. A measurement report can either be sent at n = N (Option 1) or at n = N+1 (Option 2) upon triggering at n = N.
We present simulation results comparing the performance of the hybrid L3 filter with the current log-IIR filter.
5. Simulation results
The following assumptions were made in generating the simulation results.

· A L1 reporting interval (i.e., time between two successive L1 reports of RSRP to L3) of 50 ms was chosen. This is consistent with the current RAN4 understanding that 4-5 L1 samples need to be averaged to construct an L1 RSRP estimate in a measurement duration of 200 ms, and therefore using sliding window averaging, L1 can report RSRP to L3 at 40-50 ms intervals.

· A time to trigger, 
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 = TTT = 200 ms was chosen. With the chosen 
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 and the L1 reporting interval, the switchover point evaluates to 
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· Two propagation channels, EPA 5 Hz and ETU 70 Hz were assumed.
· A practical RSRP estimator was used with a measurement BW of 6 physical resource blocks.
Two implementations were simulated.

Hybrid-1: The L1 filtered reports (obtained post-linear filtering over a measurement duration of 200 ms) 

sent from L1 to L3 are filtered linearly.

Hybrid-2: The measurements in L1 are filtered linearly over the duration of the L3 filter.
5.1 Failure to trigger
One of the potential problems with the current log-IIR L3 filtering is that, there can be situations where the serving cell power drops and there is a link failure, but the UE fails to trigger a measurement report soon enough. As a result, the network cannot issue a HO command and UE drops call. The UE then has to either try to re-establish connection with the old cell or reselect to a new cell.

In order to evaluate the impact of the hybrid L3 filtering approach, simulation results were generated with the following assumptions, in addition to that indicated above. 
· It is assumed that a reporting configuration under event A3: neighbor cell becomes 3 dB better than the serving cell is configured. The triggering quantity is RSRP.
· The network has access at the most to one measurement report before it can make a HO decision. Assuming that a neighbor cell was newly detected, the network is able to execute a HO after about 1000 ms (= time taken for detecting a new cell and performing one RSRP L1 measurement + 
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· Three sets of signal levels where serving becomes X dB worse than the best neighbor were simulated with

1) X = 6 dB

2) X = 5 dB

3) X = 4 dB

· Simulations were run for several L3 coefficients, 
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In the tables below, the probability of failure to trigger event is summarized for the two schemes – the log-IIR approach as per the current standard and the hybrid approach. This is also the probability of HO failure in an emergency HO scenario.
	k
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	X = 6 dB
	X = 5 dB
	X = 4 dB

	
	
	log-IIR
	Hybrid-1
	Hybrid-2
	log-IIR
	Hybrid-1
	Hybrid-2
	log-IIR
	Hybrid-1
	Hybrid-2

	0
	1
	40.26
	13.12
	11.42
	52.91
	22.91
	20.75
	66.27
	35.21
	33.85

	4
	0.5
	30.50
	
	
	43.36
	
	
	56.92
	
	

	8
	0.25
	24.59
	
	
	35.35
	
	
	48.69
	
	

	12
	0.125
	20.99
	
	
	30.88
	
	
	43.24
	
	


Table 1.  Probability of failure to trigger event (in percentage) in EPA 5 Hz channel, where X = neighbor cell signal level – serving cell signal level. TTT = 200ms. Note that the maximum value k can take is TBD.
	k
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	X = 6 dB
	X = 5 dB
	X = 4 dB

	
	
	log-IIR
	Hybrid-1
	Hybrid-2
	log-IIR
	Hybrid-1
	Hybrid-2
	log-IIR
	Hybrid-1
	Hybrid-2

	0
	1
	29.20
	4.29
	3.08
	47.35
	13.06
	10.90
	66.71
	28.58
	26.46

	4
	0.5
	19.07
	
	
	34.31
	
	
	55.04
	
	

	8
	0.25
	13.38
	
	
	26.30
	
	
	44.12
	
	

	12
	0.125
	11.46
	
	
	22.57
	
	
	38.87
	
	


Table 2.  Probability of failure to trigger event (in percentage) in ETU 70 Hz channel, where X = neighbor cell signal level – serving cell signal level. TTT = 200ms. Note that the maximum value k can take is TBD.
We make the following observations:
1) The failure to trigger probability increases with decreasing X as expected.

2) hybrid filtering clearly outperforms log-IIR filtering for all choices of k.
3) Since, k and TTT are configured by the network and cannot be optimized on the fly, the improvement in failure probability due to hybrid filtering can range from a factor of 2 to 6.
5.2 Correct triggering

We next show that there is an improvement in correct triggering probability if the hybrid L3 filter implementation is adopted. 
We make the following additional assumptions to the ones made in Section 4. 

· We look at a single neighbor cell that changes in level to X dBm and becomes newly detectable. 

· It is assumed that reporting is configured such that the UE is expected to trigger a report if it measures RSRP greater than or equal to X-Y dBm, and simulations were run with 

1. Y = 1 dB

2. Y = 2 dB

3. Y = 3 dB 

· It is assumed that there are no RF calibration errors.

In the tables below, the correct reporting probability is shown.
	k
	
[image: image32.wmf]a


	Y = 1 dB
	Y = 2 dB
	Y = 3 dB

	
	
	log-IIR
	Hybrid-1
	Hybrid-2
	log-IIR
	Hybrid-1
	Hybrid-2
	log-IIR
	Hybrid-1
	Hybrid-2

	0
	1
	31.60
	68.24
	70.02
	50.67
	84.06
	85.96
	67.01
	92.19
	93.87

	4
	0.5
	41.28
	
	
	61.41
	
	
	75.85
	
	

	8
	0.25
	50.51
	
	
	68.92
	
	
	81.49
	
	

	12
	0.125
	56.56
	
	
	73.54
	
	
	84.64
	
	


Table 3. Correct triggering probability (in percentage) in EPA 5 Hz channel. TTT = 200ms. Note that the maximum value k can take is TBD.
	k
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	Y = 1 dB
	Y = 2 dB
	Y = 3 dB

	
	
	log-IIR
	Hybrid-1
	Hybrid-2
	log-IIR
	Hybrid-1
	Hybrid-2
	log-IIR
	Hybrid-1
	Hybrid-2

	0
	1
	29.84
	69.70
	71.70
	55.48
	87.86
	89.71
	74.26
	96.50
	97.46

	4
	0.5
	42.0
	
	
	67.41
	
	
	83.36
	
	

	8
	0.25
	51.45
	
	
	74.66
	
	
	88.22
	
	

	12
	0.125
	58.12
	
	
	78.81
	
	
	89.91
	
	


Table 4.  Correct triggering probability (in percentage) in ETU 70 Hz channel. TTT = 200ms. Note that the maximum value k can take is TBD.
We make the following observation:

4) Hybrid filtering clearly outperforms log-IIR filtering for all choices of k and for all values of Y.
6. Summary of proposed modifications

Based on the discussion and the simulation results presented, we have the following proposal.

Proposal 1: The Layer 3 filter defined in [1] be changed to the hybrid implementation described in Section 4. 
7. RAN4 specification impact to TS 36.133

All performance requirements for RAN4 RRM tests have been developed under the assumption of no Layer 3 filtering. So, no performance impact is foreseen. Also, no change to TS 36.133 is required.

8. RAN2 specification impact to TS 36.331

The Layer 3 filter is currently defined in TS 36.331. An LS needs to be sent to RAN2 detailing the changes if the proposals are acceptable to RAN4.
8. Conclusion

The current Layer 3 filtering mechanism has poor performance resulting in dropped calls in a emergency handover situation. This contribution presented a discussion of this problem. To address this problem, we presented a modification to Layer 3 filtering. It was shown with simulation results that the proposed modification has significant performance improvement over the current Layer 3 mechanism. If the suggested modifications are acceptable to RAN4, an LS can be drafted requesting that the corresponding text in TS 36.331 be changed.
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