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1.0 Introduction

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

RAN#17 had given an action to RAN4 to investigate whether linear or logarithmic layer 3 filtering should be used for different UE measurements. RAN4 was tasked to develop a solution for each measurement for possibly Release 5 and onwards.

This document summarises the contributions on the discussion so far and proposed a way forward.

2.0
Background
At RAN4#25, several companies presented contributions on layer 3 filtering: Ericsson [7], Motorola [8], Nokia [9] and Qualcomm [10].  

In [7] simulation results comparing linear and logarithmic filtering were presented. Ericsson proposed logarithmic filtering for CPICH RSCP, CPICH Ec/Io, pathloss, UE Tx Power and UTRAN Carrier RSSI. In summary, [7] claimed that from a UE implementation complexity point of view, the difference is minor and stated that since the GSM carrier RSSI filter is defined in the logarithmic domain that it is easier to handle all measurements in the same domain. 

In [9] simulation results comparing linear and logarithmic filtering were presented. Nokia proposed logarithmic filtering for CPICH Ec/Io, CPICH RSCP, pathloss, UTRA carrier RSSI, UE Tx power and GSM carrier RSSI measurements. In summary, [9] claimed that from a UE complexity point of view it does not seem reasonable to require two different implementations since there is no gain in terms of performance.  Nokia also stated that there is nearly no difference between linear and logarithmic filtering when the length of layer 3 filtering is such that samples used in layer 3 filtering are highly correlated. However, in case of higher UE speeds log-normally distributed fading samples are no longer highly correlated over the whole layer 3 filtering period and thereby the difference between linear and logarithmic filtering increases. In these cases they believe linear filtering starts overestimating the signal level and therefore the UE would expect pathloss to be less than it is in reality. 

In [10] simulation results comparing linear and logarithmic filtering were presented. Qualcomm proposed to use linear filtering for measurements that are critical to system performance such as: CPICH RSCP, CPICH Ec/Io and pathloss. In summary, [10] claimed that the complexity of handling the conversion between linear and logarithmic filtering is not a valid argument as the technology used for implementing UMTS is not comparable to the time when GSM was rolled out. Qualcomm also stated that it is not a very strong argument to keep measurements in UMTS compatible to GSM just because of legacy reasons.  When filtering in the logarithmic domain is used, the layer 3 filtering output follows quite fast when the measured quantity drops very quickly. Output of filtering in the linear domain does not drop as fast in that situation. This behaviour does not mean that the filtering in the linear domain would overestimate the measured quantity; it just computes the right linear average according to the filtering coefficient. A much more critical case for the correct working of a CDMA system is the capability of reporting candidates for addition into the active set in a timely manor. So if the measured signal level rises very quickly beyond a configured threshold value, this should be reported as soon as possible.

In [8] simulation results comparing linear and logarithmic filtering were presented. Motorola proposed to use linear filtering for CPICH RSCP and CPICH Ec/Io since these are more critical measurements from a RRM perspective and would impact system performance.  In summary, [8] claimed that the impact on performance of the two options shows that linear filtering provides a more accurate estimation of the measurement. Motorola also believes that linear filtering is good from a soft handover point of view because cell addition to active set will be earlier and cell removal will be delayed, as compared to logarithmic filtering. Preference should be given to better call performance within one domain (UMTS or GSM) rather than across domains since the latter handover should probably be far less frequent.

3.0 Proposal

In our opinion there has been no strong technical arguments to support logarithmic filtering for all measurements and based on simulation results presented it can degrade the time for an active set update using CPICH Ec/Io and CPICH RSCP. 

Therefore Motorola proposes linear filtering for the layer 3 filtering of CPICH Ec/Io and CPICH RSCP since these are more critical measurements from a RRM perspective and would impact system performance. 

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

	CPICH Ec/No
	Yes
	Lin
	

	CPICH RSCP
	Yes
	Lin
	

	Pathloss
	Yes
	Log / 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 
	

	GSM carrier RSSI
	Yes
	Log
	

	Observed time difference to GSM cell
	No
	-
	

	UE transmitted power
	Yes
	Log 
	

	UE Rx-Tx time difference
	No
	-
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5.0
Annex A

The relevant requirements specified in the specifications are listed below. 

      1.
(TS25.302) 9.1
Model of physical layer measurements

This model sets the requirement on the behaviour of the measurement elaboration and reporting performed by L1 as well as filtering controlled by higher layers. It is not meant to be a requirement for implementation as long as the performance requirements in 25.133 are fulfilled. The measurement model for physical layer measurements is represented in the figure below.
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a. A: measurements (samples) internal to the physical layer in support to the measurements to be provided to higher layers;

b. Layer 1 filtering: internal layer 1 filtering of the inputs measured at point A. Exact filtering is implementation dependant. How the measurements are actually executed in the physical layer by an implementation (inputs A and Layer 1 filtering) in not constrained by the standard i.e. the model does not state a specific sampling rate or even if the sampling is periodic or not. What the standard specifies in [9] and [10] is the performance objective and measurement period at point B in the model. The performance objectives for the physical layer measurements are specified in [9] and [10];

c. B: A measurement reported by layer 1 after layer 1 filtering. The reporting rate at point B shall be sufficient to meet the performance objectives as defined in [9] and [10];

d. Layer 3 filtering: Filtering performed on the measurements provided at point B. The behaviour of the Layer 3 filters are standardised and the configuration of the layer 3 filters is provided by RRC signalling (UE measurements) or NBAP signalling (Node B measurements). Each filtered result at point C shall correspond to a Layer 3 filtering performed using a reporting period equal to one measurement period at point B;

e. C: A measurement after processing in the layer 3 filter. The reporting rate is identical to the reporting rate at point B and is therefore also measurement type specific. Although this is not shown in the figure, one measurement can be used by a multiplicity of evaluation of reporting criteria;
2.
(TS25.331) 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 25.133.

The UE shall support 2 different layer 3 filters per measurement type defined in subclause 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). 
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