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1. Introduction

At RAN2#31, it became apparent that an ambiguity in 25.331 has resulted in different assumption as to whether the layer 3 filtering for CPICH RSCP, CPICH Ec/Io, and path loss measurements is performed on the linear or logarithmic values. 

It was agreed in RAN#17 that both solutions (described in documents RP-020564, RP-020595) should be considered acceptable for release 99.  RAN4 was tasked to ensure that a single solution would be used in later releases (at the latest for Rel-5) for specific measurements. 

In addition RAN2 has prepared CR in R2-022696which details which L3 filtering applicable for each measurement and report quantity for REL_99.  This could be used as the bases for RAN4 to resolve UE internal measurement reporting events (UTRA carrier RSSI and UE transmit power), which are also ambiguous and shown in [] bracket. The relevant part of this CR is included in Annex A 

This paper discusses the differences between the use of logarithmic filtering (dB filtering) and linear filtering and the impact on the measurement results and proposes what these should be specified for future releases.

2. Differences between logarithmic filtering and linear filtering
The purpose of the standardised layer 3 filter is to give the network a means to fine tune the measurement reporting. Selection of the filter coefficient is a compromise between:

· The number of events triggered (and consequently the amount reporting over the radio interface) 

· Response time for triggering a report 

Figures 1-4 show the results of a very simple simulation, which is nevertheless also illustrative of the difference in behaviour between linear and logarithmic (“dB”) filtering for the fast fading case.  For slow fading scenario results are presented in RP-020641 
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Figure 1: 1 km/h single-ray Raleigh-fading process
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Figure 2: 3 km/h single-ray Raleigh-fading process
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Figure 3: 30 km/h single-ray Raleigh-fading process
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Figure 4: 120 km/h single-ray Raleigh-fading process
In all cases, the input to the averaging process is the observed power of a single-ray Rayleigh-fading process, observed at 1, 3, 30 and 120km/h respectively in Figures 1-4, assuming a carrier frequency of 1.9GHz. The simulation included a layer 1 filter which averaged the power over a 200ms measurement period. The sampling interval at the point after the layer 1 filter was 200ms as specified in the measurement model. The layer 3 filtering was performed using a single-pole IIR filter with coefficient 
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In the figures, the filtered output identified as “dB Filtering”, corresponds to the output 
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 when p(k) is expressed in dB. The filtered output identified as “Linear Filtering” corresponds to expressing 
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 in dB, after equation (1.1)

 is applied directly to the observed linear power observations.

It can be seen that –regardless of the velocity of the UE – the “dB-average” or dB filtering consistently under-estimates the true linear average of the power observations by between 1-2dB. 

It is expected that this difference will be less apparent in the following cases:

1. For stationary or very slow moving mobiles;

2. With larger values of the filter coefficient;

3. In multipath channel conditions as opposed to the single path channel considered above. This is show by the simulation results for vehicular A channel model in figures 5 - 8.
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Figure 5: 1 km/h Veh A Channel model
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Figure 6: 3 km/h Veh A Channel model
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Figure 7: 30 km/h Veh A Channel model
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Figure 8: 120 km/h Veh A Channel model
Based on the illustration above, some comments can be made about the system impact of using “dB filtering” as opposed to true linear filtering:

1. The offset of up to 1-2dB between the linear filtered result and the dB filtered result is likely to have little impact on the triggering of events that are comparisons between different cells as all cells will be subject to a similar offset  (for example, events 1a, 1b, 1c, 1d).

2. The offset will have some impact on the triggering of events that are a comparison between a cell measurement and an absolute threshold (for example, events 1e and 1f). Furthermore, as the offset caused by “dB filtering” is not apparent for stationary mobiles, the triggering of these events will have some dependency on whether the mobile is moving. 

3. The offset will have an impact on the results reported to the network. As mentioned in point 2 above, the measurements will have some dependency on whether the mobile is moving.

Also provided is a "transient response" curve to illustrate the "corner effect" based on a 20dB power step to both filtering methods. It can be observed from this figure that the dB filtering has a slower response to a step change that of logarithmic filtering.
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Obviously, without extensive system simulations it is very difficult to determine if this will have a significant impact on system capacity, dropped calls, etc. Furthermore, the impact will be dependent on algorithms used within the network. If the purpose of the L3 is used primarily to provide statistical information for network planning this difference is not significant. If however this is used for some form of time critical RRM then the layer 3 filter always introduces some extra delay with the dB filter filtering performing worse in this respect. 

It should also be indicated that the measurement performance requirements in RAN4 are currently specified with layer 3 filtering switch OFF.

3. Conclusions

This paper has described the difference in behaviour between dB filtering and linear filtering. It has been shown that for moving mobiles, dB filtering can produce an output that can underestimate the true linear average by up to 1-2dB for slow fading conditions. 

Therefore it is recommended that linear filtering should be used for the layer 3 filtering of CPICH RSCP, CPICH Ec/Io and path loss since these are more critical measurement from a RRM perspective and would impact system performance. 

For UE internal measurement reporting events the main aspects are UE transmit power and RSSI. Here are requirement are less critical from a RRM perspective, although previously simulation results were presented which use UE transmit power level as a trigger for compressed mode for inter –RAT handover.   However the accuracy of this measurement would appear to be impacted by the output power level and if compressed mode is used – clause 9.1.6 in TS25.133 and therefore it not clear if this is a reasonable assumption for a trigger point for initiating compressed mode.  So for this case further discussion would be useful on the impact of network performance and REL99/4/5 requirements. 

 So a proposal for REL5 would be 

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

	CPICH Ec/N0
	Yes
	Lin
	

	CPICH RSCP
	Yes
	Lin
	

	Pathloss
	Yes
	Lin
	

	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 / Lin] *
	

	GSM carrier RSSI
	Yes
	Log
	

	Observed time difference to GSM cell
	No
	-
	

	UE transmitted power
	Yes
	[Log / Lin] *
	

	UE Rx-Tx time difference
	No
	-
	


*  Network impact need to be understood

4. Annex A  

This section includes the current proposal from RAN2 as described in R2-022696

------------------------------- 

8.6.7.2   Filter coefficient

If the IE "Filter coefficient" is received, depending on the measurement quantity (see table 8.1) the UE shall apply filtering of the measurements for that measurement quantity according to the formula below. This filtering shall be performed by the UE before UE event evaluation. The UE shall depending on the reporting quantity (see table 8.1), also filter the measurements reported in the IE "Measured results", with the exception of SFN-SFN observed time difference, CFN-SFN observed time difference and UE Rx-Tx time difference type 1. The filtering shall not be performed for the measurements reported in the IE "Measured results on RACH" and for cell-reselection in connected or idle mode.

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 MEASUREMENT REPORT message or the unit used in the event evaluation.

a = 1/2(k/2), where k is the parameter received in the IE "Filter coefficient".

NOTE:
if k is set to 0 that will mean no layer 3 filtering.

In order to initialise the averaging filter, F0 is set to M1 when the first measurement result from the physical layer measurement is received.

The physical layer measurement results are sampled once every measurement period. The measurement period and the accuracy for a certain measurement is defined in [19] and [20].

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 UE shall support 2 different layer 3 filters per measurement type defined in sub-clause 8.4.0 (i.e. the UE shall be capable to apply at least 2 different L3 filters to intra-frequency measurement results, at least 2 different L3 filters to inter-frequency measurement results, etc). If a MEASUREMENT CONTROL message is received that would require the UE to configure more than 2 different layer 3 filters, the UE may:

1>
set the variable CONFIGURATION_INCOMPLETE to TRUE
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