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1 Introduction

In RAN 2  and in RAN plenary it has been discussed in what domain the Layer 3 filtering shall be performed.  In the RAN plenary #17 report, the following was decided:

“The following points were agreed:

-
Both solutions (described in documents RP-020564, RP-020595) should be considered acceptable for R'99, and therefore it is not necessary to clarify this in R'99 and this decision will not be revisited for R'99.

-
A single solution will be used in later releases (at the latest for Rel-5) for specific measurements. RAN4 will recommend which are the measurements for which a single solution is deemed necessary.

-
For the future releases (at the latest for Rel-5) a solution shall be chosen at RAN #18 and RAN4 is tasked to ensure a decision can be made.

· Based on the results in WG4 the necessity to correct WG2 Release 99 specification will be clarified. This activities will be provided in the RAN email exploder for information.”

In the RAN2 meeting #32 the CR for 25.331 in tdoc R2-022696 was agreed for R’99 where the following table is included.

“Table 8.6.7.2 lists for all measurement- and reporting quantities if L3-filtering is applicable or not. If L3-filtering is applicable for a certain measurement- or reporting quantity, the table lists if the UE shall apply the filtering on linear values (“Lin”), logarithmic values (“Log”) or either linear or logarithmic values (“Lin or Log”). In the last case, the choice between filtering on linear or logarithmic values is based on UE selection.

Table 8.6.7.2: L3 filtering applicable for each measurement- and reporting quantity

	Measurement- / Reporting quantity
	L3-filtering applicable
	Linear or logarithmic filtering
	Comment

	CPICH Ec/N0
	Yes
	Lin or Log
	

	CPICH RSCP
	Yes
	Lin or Log
	

	Pathloss
	Yes
	Lin or Log
	

	Cell synchronisation information
	No
	-
	

	Cell Identity
	No
	-
	

	Frequency quality estimate
	No
	-
	Although the frequency quality estimate itself is not filtered, the inputs to the frequency quality estimate calculation (CPICH Ec/N0 or CPICH RSCP) are filtered

	UTRA carrier RSSI
	Yes
	[Log]
	

	GSM carrier RSSI
	Yes
	Log
	

	Observed time difference to GSM cell
	No
	-
	

	UE transmitted power
	Yes
	[Log]
	

	UE Rx-Tx time difference
	No
	-
	


The task RAN4 have received from RAN plenary is to define in what domain the L3 filtering shall be performed for certain measurements for Rel-4 (or possibly Rel-5) and onwards.

2 Linear of Logaritmic filtering for the CPICH measurements and UTRA Carrier RSSI?

2.1 Performance Evaluations

In [Goldsmith] the issue regarding linear or logarithmic filtering is studied. Theoretical analyses as well as simulations are performed for a fading channel. In the article it is shown that the performance of the different methods when filtering a normal fading environment are very similar. 
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Fig. 3. A histogram for the dB emor 4 produced via simulaion of the
linear-powes method with the 1&D fle for o =8 B and X/A =40.
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Fig. 5. Same as Fig 3, for th log-power method with the RC fler




In the plots copied from the article an example with equivalent filters for linear and logarithmic values where it is seen that the standard deviation of the outputs of the two filters are almost identical. 

2.2 UTRA Carrier RSSI Measurement

Simulations have been performed which target both the inaccuracy (due to fading) of the measurement with a certain filtering and how the filtering affects how fast an event will be triggered. 

Simulations have been performed  in a Pedestrian A fading environment where the UE moves with 3 and 30 km/h respectively. The used L3 filter coefficient is equal to 5, meaning an exponential filter with forgetting factor (1-1/22.5)=0.82. 

2.2.1 Simulation Results from a “Static” environment. 

A “static” case, meaning the pathloss is constant, where the Utra Carrier RSSI is measured when the fading is based on a movement with 3 km/h is simulated and the results are shown in Figure 1 and Figure 2. In Figure 1 the resulting measurement results are presented after filtering and also the “ideal” average UTRA Carrier RSSI value is shown. In Figure 2 the CDF for the probability that the deviation from the true value is less than “x” is shown.
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Figure 1 “Static” simulation of  UTRA Carrier RSSI measurement
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Figure 2: CDF of the error using the Logarithmic and Linear filtering respectively.

These simulations indicate that the “logarithmic” filtering gives a slightly biased result; the result is below the “true” value. However the slopes of the linear and logarithmic CDFs are very similar, thereby also the standard deviation from the mean value is similar.

2.2.2 Simulation results for a “dynamic” environment

The scenario when testing how fast a change of the environment triggers an event is that the UE is driving away from and towards a Node-B, where no other Node-Bs contribute significantly to the RSSI level, passing two consecutive corners at 40 m and at 80 m. The results from these simulations are presented in Figure 3 to Figure 6.
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Figure 3 UE moving from a Node B with 3 km/h
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Figure 4 UE moving towards a Node-B with 3 km/h
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Figure 5 UE moving away from a Node-B with 30 km/h
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Figure 6 UE moving towards a Node-B with 30 km/h.

The performance of linear and logarithmic filtering are very close when the UE moves with 3km/h. When the UE moves with 30 km/h and the UE is moving away from the Node-B (Figure 5) the true UTRA Carrier RSSI decreases quite fast.. For this case the results from the Linear filtering is much slower than the Logarithmic filtering which will lead to that the event will be delayed compared to when the Logarithmic filtering would cause the event. When the UE moves towards the Node-B (Figure 6), the Linear filter gives a somewhat faster detection than the Logarithmic filter. The difference is much smaller in this case than when the UE moves away from the Node-B.

Simulations for the CPICH measurements have not been performed, however it should be possible to draw conclusions for these measurements as well. 

The CPICH_RSCP measurement will decrease or increase with the same rate as the UTRA Carrier RSSI measurement. Based on that there is only one Node-B that contributes to the signal level, the fading will also be the same. Therefore exactly the same conclusions can be drawn for CPICH_RSCP as for UTRA Carrier RSSI in this scenario.

The CPICH_Ec/Io measurement will, close to the “serving” Node-B, vary less with the distance to the Node-B. As long as only the “serving” Node-B  contributes to the signal levels this ratio will be constant. However, close to the cell boundary, when other Node-Bs will contribute to the total signal level, the measurement will decrease fast when moving away from the Node-B. For that case it is important to trigger an event relatively fast and with a linear filter the delay will be considerably longer than when a logarithmic filter is used. Of course the CPICH_Ec/Io-value will change fast also when moving towards a new cell but the difference between linear and logarithmic filtering is much smaller in this case. 

3  Linear or Logarithmic filtering of the Tx Power measurement.

In the RRC specification, 25.331, paragraph 8.6.7.2, the Layer 3 filter is defined and the samples that are input to the filter are defined as Mn. In this section the following is stated.
 “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 MEASUREMENT REPORT message or the unit used in the event evaluation.”
The threshold used for this event evaluation is “UE Transmitted Power Tx power threshold”. 

This threshold is defined in 25.331, paragraph 10.3.7.80, and it is defined in dBm. Also the Tx Power measurement is reported in dBm. 

Therefore from TS 25.331, section 8.6.7.2,  the conclusion seems to be that filtering should be in the logarithmic domain.

Simulations have been performed for this case as well. In Figure 7 the filtered UE Tx power measurement is shown for both the Linear and the Logarithmic Filter. The ideal average Tx power is here based on the average pathloss without taking the fading into account. Since the UE Tx power transmits with an “inverted” fading profile, the average power is higher than the “ideal” Tx power. From the plot in Figure 7 it is seen that the output from the linear filter gives a higher result than the output from the logarithmic filter.  However, the Logarithmic filter is not slower than the linear filter, therefore assuming a event threshold is tuned to the logarithmic filter an event can be trigged as fast as with a linear filter. Also the deviation from the average value of the two filters is in the same range. Thereby we do not see any advantage using a Linear Filter instead of using a Logarithmic Filter and therefore we suggest that a Logarithmic filter is used from Release 99 an onwards.
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Figure 7 UE Tx Power measurement using Linear and Logarithmic Filters.

4 Conclusion

Our proposal of in what domain the filtering of different reporting quantities shall be performed is given in the table below. For the CPICH measurement and Pathloss this should be included for Release-4. For UE Tx Power and  UTRAN Carrier RSSI this is proposed for Release-99.

	Measurement- / Reporting quantity
	L3-filtering applicable
	Linear or logarithmic filtering
	Comment

	CPICH Ec/N0
	Yes
	Log
	

	CPICH RSCP
	Yes
	Log
	

	Pathloss
	Yes
	Log
	

	Cell synchronisation information
	No
	-
	

	Cell Identity
	No
	-
	

	Frequency quality estimate
	No
	-
	Although the frequency quality estimate itself is not filtered, the inputs to the frequency quality estimate calculation (CPICH Ec/N0 or CPICH RSCP) are filtered

	UTRA carrier RSSI
	Yes
	Log
	

	GSM carrier RSSI
	Yes
	Log
	

	Observed time difference to GSM cell
	No
	-
	

	UE transmitted power
	Yes
	Log
	

	UE Rx-Tx time difference
	No
	-
	


5 Implementation Complexity

From UE implementation complexity point of view, the difference is minor. Independent on if the Filter is done in linear or logarithmic domain the UE need to calculate the logarithm of these values either when the reporting is performed or in the event evaluation. 

However, with a logarithmic measurement with mapping according the mapping table specified in 25.133, chapter 9.1 the bit-length in the filter decreases significantly compared with a linear filter covering the full range with a linear mapping and the same accuracy.  The GSM carrier RSSI filter is defined in the logarithmic domain and it is easier to handle all measurements in the same domain.
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