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1. Introduction 

In the current RRM requirements [1], RSRQ measurements are only defined in connected mode.  RSRQ measurements are used in this mode to trigger inter-frequency measurement gaps when the signal quality, as indicated by the RSRQ value, drops below a certain level.  
It was decided that RSRQ will not be used in idle mode and an LS [2] was sent to inform RAN1 about this decision. 

In [4] we discussed the signal quality evaluation in the presence of CSG cells and made a proposal to define RSRQ requirement for idle mode.  In this contribution, we address some of the concerns raised during the discussion of [4].  
2. Discussion
As it had been discussed, RSRQ measurements have the following shortcomings in both idle mode and connected mode settings:

· RSRQ doesn’t provide information about intra-frequency relative cell ranking beyond what is already known from the RSRP measurements.  This is due to the fact that the RSRP value for different cells is divided by the same RSSI value.  We note that when RSSI varies from symbol to symbol then the above argument strictly doesn’t hold, nevertheless, the resulting RSRQ differences won’t necessarily translate into meaningful cell ranking differences.  
· The RSRQ value of an unloaded cell at low geometry and the RSRQ of a loaded cell at high geometry can be the same; therefore, RSRQ does not define signal quality unambiguously.  We note though that since high cell load and low geometry both indicate a less desirable cell, the impact of this ambiguity may not be that great. 
We can also consider the following facts as motivation to keep the current assumption of using only RSRP in idle mode:

· Since the UE can select the best cell on its current frequency, the UE should be able to maintain adequate service quality in an interference limited scenario.  In a thermal limited scenario this statement doesn’t hold; however, the condition of insufficient link quality can be detected already based on RSRP in that case. 

· Existence of multiple DL channels used by a single service provider in a band is less likely in LTE than in WCDMA because multiple 5MHZ channels can be aggregated into a single LTE system.  Therefore inter-frequency LTE-to-LTE handovers might have lesser relevance.  
There are two points; however, which give rise to concerns regarding the current idle mode requirement structure: 
A. The assumption of a UE always being able to reselect to the best DL cells on its current serving frequency does not hold in the presence of CSG cells.  Even though fully functional CSG support is not part of Rel 8; however, Rel 8 UEs should be able to at least function in the presence of CSG cells. 

B. When the UE is close to a strong adjacent channel interferer, then due to ACIR, the service quality on the current serving frequency can be substandard, which the UE should be allowed to recognize

2.1. Further discussion of RSRQ measurements

In the following, we discuss some of the specific concerns that were raised regarding [4].  Some of these points are similar to the concerns listed above.  

2.1.1.   RSRQ as signal quality indicator

In an OFDM DL, the signal components coming from the same cell are always orthogonal; therefore, the signal from a serving cell should not be included in the interference.  Since the RSRQ = RSRP / RSSI definition doesn’t follow this criteria, the RSRQ is not a perfect measure of signal quality. 
In the following, we show a simple evaluation of the measurement bias caused by including the measured cell’s signal in the noise term.  
Figure 1 shows the ideal SNR, which is assumed equal to Geometry, and the measured RSRQ.  Figure 2 shows the difference as measurement bias in the SNR range of interest.  It can be seen that in the low SNR region, where the RSRQ-based triggering decisions have relevance, the measurement bias is less than 1dB. 

These calculations assumed 100% duty cycle and 0dB data-to-RS or control-to-RS power ratio.  Note that different data-to-RS power ratios would not impact the measurement bias in any way more significant than for example the impact on RSRP-based signal quality estimation.  The impact of non-uniform RSSI observations in time will be discussed in subsequent subsections.  
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Figure 1  SNR and RSRQ vs. DL Geometry
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Figure 2  SNR measurement bias vs. DL Geometry
2.2.   RSSI variations in time
When the UE makes measurements, it typically takes time samples as opposed to performing the measurements continuously.  The sampling in time can be sparse, especially in idle mode, where the measurement duty cycle can be  for example 1.28s or 2.56s.  Therefore there is a chance that the samples taken do not represent the longer term average SNR, therefore there is a risk that the UE performs unnecessary idle mode inter-frequency handovers just because the DL load (in the interfering cells) in the measurement slots was higher than their average. 

It should be pointed out; however, that for the UE operating in idle mode, the only observation available to receive paging information are those that are used for measurements.  Therefore it would not make the current link on the serving frequency any more suitable if there were other slots where the signal quality would be better than in those where the UE looks for paging.  Because of this reason, the subsampled signal quality measurements, irrespective of not being representatives of statistically accurate average SNR, are the correct metric to determine the suitability of the current link for paging reception. 
Since the purpose of idle mode RSRQ measurements is to detect out-of-coverage situation in the context of control signal reception, rather than to perform load balancing, our conclusion is that the RSSI variation is time due to load variations do not negate the usefulness of RSRQ measurements.  
2.3.  Comparison with RLF
Note that similar discussions were held regarding the impact of signal variation and insufficient averaging time on radio link failure (RLF) detection and recovery.  However, the conclusions in RAN4 have been different.  In the context of RLF, the results [5][6] showed that the DL radio link quality can be reliably estimated based on up to 3...20 measurement samples in the DRX mode.  
There are some differences between the definition of the RLF related measurements and RSRQ but those don’t necessarily translate into the difference between the perceived usefulness of RLF detection and idle mode RSRQ.  The definition of idle mode RSRQ could be modified to address concerns pertaining to these differences.     
2.4.   Other safety mechanisms

It’s worthwhile to explore whether there are other existing mechanisms that could help establish an idle mode DL suitability measure.  Some of the options mentioned previously were: 
· Decision based on observed PBCH frame error rate

· We don’t believe this mechanism is adequate, since the UE is not expected to read the PBCH after an initial synchronization; Introducing a requirement to require the UE to periodically read the PBCH would have an impact on battery life. 

· Decision based on observed PDCCH frame error rate

· Since it is not guaranteed that the UE receives control information for any period of time, the UE will not be able to establish PDCCH frame error rate by attempting to decode the PDCCH. 

· Decision based on observed PCFICH frame error rate

· Even though PCFICH is always sent, there is no reliable way to determine PCFICH decoding errors by the UE 
Based on the above, we believe that there is no adequate existing mechanism to detect DL link quality problems in idle mode.  
3.  Example text proposal
For information purposes, we give a possible description of an implementation of RSRQ-based cell selection criteria below. 
--------------Example text------------------------------------------------------------------------------------------------------
5.2.3.2 Cell Selection Criteria

The cell selection criterion S is fulfilled when: 
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Where:
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Where: 

the signalled value QrxlevminOffset and QrxlevminOffset are only applied when a cell is evaluated for cell selection as a result of a periodic search for a higher priority PLMN while camped normally in a VPLMN [5]. During this periodic search for higher priority PLMN the UE may check the S criteria of a cell using parameter values stored from a different cell of this higher priority PLMN.
	Srxlev
	Cell Selection RX level value (dB)

	Squal
	Cell Selection quality value (dB)

	Qrxlevmeas
	Measured cell RX level value (RSRP) 

	Qqualmeas
	Measured cell quality value (RSRQ)

	Qrxlevmin
	Minimum required RX level in the cell (dBm)

	Qrxlevminoffset
	Offset to the signalled Qrxlevmin taken into account in the Srxlev evaluation as a result of a periodic search for a higher priority PLMN while camped normally in a VPLMN [5]

	Qqualmin
	Minimum required quality level in the cell (dB)

	QqualminOffset
	Offset to the signalled Qqualmin taken into account in the Squal evaluation as a result of a periodic search for a higher priority PLMN while camped normally in a VPLMN [5]

	Pcompensation 
	[FFS]


5.2.4


Cell Reselection evaluation process
5.2.4.1
Reselection priorities handling

Absolute priorities of different E-UTRAN frequencies or inter-RAT frequencies may be provided to the UE in the system information or in the RRC message releasing the RRC connection. If priorities are assigned via dedicated signalling, the UE shall ignore all the priorities provided in system information. The UE shall delete priorities provided by dedicated signalling when:
· the UE enters RRC_CONNECTED state; or

· the optional validity time of dedicated priorities (T320) expires; or

· a PLMN selection is performed on request by NAS [5].

NOTE:
Equal priorities between RATs are not supported.

UE shall only perform reselection evaluation for E-UTRAN frequencies and inter-RAT frequencies that are given in system information and for which the UE has a priority provided.
5.2.4.2
Measurement rules for cell re-selection 

Following rules are used by the UE to limit needed measurements:
· If SServingCell > Sintrasearch, UE may choose to not perform intra-frequency measurements.

· If SServingCell <= Sintrasearch, UE shall perform intra-frequency measurements.
· The UE shall apply the following rules for E-UTRAN inter-frequencies and inter-RAT frequencies which are indicated in system information and for which the UE has priority provided as defined in 5.2.4.1:
· For an E-UTRAN inter-frequency or inter-RAT frequency with a reselection priority higher than the reselection priority of the current E-UTRA frequency the UE shall perform measurements of higher priority E-UTRAN inter-frequencor inter-RAT frequencies according to [10].
· For an E-UTRAN inter-frequency with a equal or lower reselection priority than the reselection priority of the current E-UTRA frequency and for inter-RAT frequency with lower reselection priority than the reselection priority of the current E-UTRAN frequency:
· If SServingCell > Snonintrasearch UE may choose not to perform measurements of E-UTRAN inter-frequencies or inter-RAT frequencies of equal or lower priority.
· If SServingCell <= Snonintrasearch  the UE shall perform measurements of E-UTRAN inter-frequencies or inter-RAT frequencies cells of equal or lower priority according to [10].

Where SServingCell =min(Srxlev, Squal) for the serving cell.
--------------End example text---------------------------------------------------------------------------------
4. Conclusions

We proposed introducing RSRQ measurements in idle mode.  If this is accepted then RAN4 could develop procedure details, which could be based on the existing idle mode RSRP measurement requirements.   
Note that it is not expected that any simulation work would be necessary in order to adopt this proposal.  
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Srxlev = Qrxlevmeas – (Qrxlevmin – Qrxlevminoffset) - Pcompensation
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Srxlev > 0   AND   Squal > 0
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Squal = Qqualmeas – (Qqualmin + QqualminOffset)



Srxlev = Qrxlevmeas – (Qrxlevmin + QrxlevminOffset) – Pcompensation 












