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1. Introduction
During the RRM adhoc session in RAN4#42bis the parameters associated to LTE measurement quality were discussed. During these discussions [4] it was agreed to use a 1.25 MHz measurement bandwidth, but no conclusions were reached on the time-domain filtering parameters. This contribution discusses the trade-offs further and suggests a way forward for an agreement to be captured in TR 36.801 [1].
2. Discussion
The parameters discussed in the following subsections have an effect on the LTE signal strength measurement quality (RSRP, LTE carrier RSSI and any other measurements still under consideration). A summary for the proposed values is summarized in Table 1.
2.1.  L1 Measurement Bandwidth: 
For the purposes of LTE measurement performance specification and testing the reference measurement bandwidth has been agreed to be 1.25 MHz.
A reference measurement bandwidth for LTE RSRP measurement specification has been agreed during last RAN4#42bis [4]. Considering that from a network operation perspective we can only see a really marginal benefit in having wider LTE measurement BW as an option for some UEs, since this performance will not be guaranteed across the overall UE population. In addition, this marginal benefit brings in significant additional burden in e.g. the proposed need for additional signalling required to signal measurement bandwidth related information and additional UE testing cost to ensure that UEs do behave according to the measurement BW being signalled.

2.2. L1 Measurement Period
This parameter is used for UTRAN in 25.133 [2]. This parameter represents the time interval over which a number of evenly spread measurement samples are taken and reported to L3. Note that this parameter also determines the minimum amount of time-domain filtering that is applied to a given measurement.

‘L1 Measurement Period’ a misleading name since implies reporting rate, and it is not defined as a being a reporting rate. This parameter would be better named as ‘L1 Averaging Period’. The current and proposed L1 averaging periods for different 3GPP air interface technologies is summarised in Table 1. 
	3GPP system
	L1 Averaging 
Period
	Number of measurement samples averaged
	L1 Reporting period
	Additional Filtering

	GSM/GPRS
	480 ms
	At least 3
	480 ms
	No

	UTRAN
	200 ms
	Not explicit, must meet performance tests.
	Not explicit, must meet performance tests.
	L3 filtering

Overall time constant between 200 ms (L3 filtering disabled) and in excess of 100 s for k=19


	LTE
	[200 ms]
	[Not explicit, must meet performance tests.]
	[Not explicit, must meet performance tests.
	[Required, use realistic time constant range up to no more than 5 s approx.]


Table 1 – Comparison of relevant measurement-related parameters for existing and future 3GPP systems. Values in brackets are proposed values for LTE.
2.3. L1 Measurement Reporting Period 

This parameter describes the periodicity of L1 measurement reporting to L3 (this parameter has also been called the 'sliding window step' in some ongoing RAN4 discussions). In UTRAN specifications this parameter is only referenced in TS25.302 section 9.1 [5], but its value is implementation-specific. 
This parameter sets the maximum measurement sampling uncertainty for detecting a step-change in power for a cell being measured. For the UTRAN case unless this parameter is shorter than the Measurement Period the requirements for some event-triggered reporting delays cannot be met. As an example, in UTRAN the maximum delay for a UMTS measurement reported by L1 to exceed a configured threshold after a step change in power is 200 ms and the measurement is also 200 ms. The only way to guarantee that a measurement reporting delay of 200 ms will be met in all situations is by having a measurement reporting rate that is smaller than the measurement period.
We propose to continue to keep this parameter implementation-specific.

2.4. Additional Time-Domain Filtering
In some low-speed and low delay spread deployment scenarios it is beneficial for the network to increase the amount of time-domain filtering in order to average out time-domain fading as shown in [7]and improve network performance [8]. This additional filtering can be achieved in a number of ways:
· Configurable L1 Averaging Period

· Additional L3 filtering as specified for UTRAN in [6]. 
In GSM networks no additional time-domain filtering is applied in addition to L1 filtering before measurements are reported. 
In UTRAN L3 filtering is optionally applied on each of the samples received by the PS. We believe that the amount of configuration flexibility allowed in terms of filter time constants for UTRAN is unnecessarily high in this area and could be reduced to a small set of carefully studied values. The set of filtering values currently used in the field by UTRAN network deployments is much smaller that the range of allowed values in [6].
Note that in order to maintain the filtering time constant when the reporting rate is smaller than the measurement period the standard filter coefficients specified in TS 25.331 [6] cannot be used. These filter coefficients are specified at a sampling rate equal to the measurement period, whereas they should be specified for a reference reporting period. Such a specification can lead to incorrect implementations on the filter resulting inconsistent filter time constant behaviour across different UE implementations.
Given the above it may be simpler to specify a small set of L1 averaging periods and no L3 filtering. Either way, filtering time constants in excess of 5 seconds will lead to exceedingly slow event-triggered measurement reports.
3. Conclusions
As a result of the discussion above we have the following recommendations:
· A reference measurement bandwidth for LTE RSRP measurement specification has been agreed during last RAN4#42bis [4]. Considering that from a network operation perspective we can only see a really marginal benefit in having wider LTE measurement BW as an option for some UEs, since this performance will not be guaranteed across the overall UE population. In addition, this marginal benefit brings in significant additional burden in e.g. the proposed need for additional signalling required to signal measurement bandwidth related information and additional UE testing cost to ensure that UEs do behave according to the measurement BW being signalled.
· ‘L1 Averaging Period’ is a better term for what is currently named ‘Measurement Period’ for UTRAN and we believe it should be adopted to help prevent the inconsistencies discussed above. 

· The working assumption for the LTE L1 Averaging Period for intra-frequency measurements is proposed to be equal to 200 ms.

· The L1 reporting period for LTE measurements is proposed to be implementation-specific and subject to compliance with all the measurement general requirements and associated tests.
· The option for operators to configure additional filtering should be allowed. This may be achieved by either by having multiple L1 averaging filtering or by performing L3 filtering on L1 measurement reports. In either case, care should be taken in only allowing necessary configuration flexibility (i.e. a sufficient but not excessive set of parameters restricting the filter time constant to no more than 5 seconds). 
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� The overall time constant has been calculated as � EMBED Equation.3  ���with a = 1/2(k/2).
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