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1. Introduction 

In the idle state, a UE may choose not to performance inter-frequency measurements if SServingCell > Snonintrasearch, where Sservingcell is defined as RSRP of the serving cell [1]. However, RSRP level does not translate into channel quality in many scenarios. In the RAN4#50bis meeting, an idle state RSRQ measurement was proposed for Rel 8 to improve the paging performance of macro UE on frequencies with co-existing CSG cells [2]. Based on RSRP measurements, close to 50% MUE was observed to stay on the same frequency even when the paging channel becomes unreliable. In this contribution, we further investigate the need of RSRQ measurement in conjunction with HeNB DL power control algorithm.
2. Discussion
Macro UE idle state performance has been studied for densely-populated areas with multi-floor apartment buildings [2].  In the previous study, the HeNB transmit power was set to a fixed 8 dBm, which is the minimum Tx power upper limit in all cases for adjacent operator channel protection according to 25.104 [3]. It has been shown in HNB studies that HeNB power control could be used to reduce the MUE coverage outage [4]. More specifically, the power control algorithm tries to determine the proper transmit power in order to reduce MUE outage on the same carrier frequency. 
2.1. HeNB Tx power control

The specific HeNB power control algorithm studied in the contribution is as following:

· HeNB measures RSRP and SINR from the macro base station and neighboring HeNB. Assuming the HeNB has a small coverage area, a close by MUE or non-serving HUE is assumed to have similar RSRP and SINR as the measurements.

· HeNB power is determined by three conditions:

1. To maintain an SINR of -6 dB for a MUE located 80dB away from HeNB, taking into account the additional interference from the HeNB.
2. To maintain an SINR of -5 dB for a non-serving HUE located 80dB away from HeNB, taking into account the additional interference from the HeNB.
3. If the conditions above could not be met, transmit at the minimum Tx power (-10 dBm).
· This is an iterative process where HeNBs updates the transmit power periodically based on previous measurements.
The algorithm shown above is expected to reduce MUE outage by reducing potential interfering HeNB transmit power. One obvious trade-off is the shrinking of HeNB coverage, i.e., some HUE will be off-loaded to the eNB due to smaller HeNB transmit power.

We compare the MUE performance with a fixed transmit power of 8 dBm and adaptive power control algorithm shown above. The detailed layout model and simulation assumptions could be found in [2]. Some of the key assumptions are eNB power (43dBm), HeNB power (-10 to 10 dBm), site-to-site distance of 1 km, and femto penetration rate of 5%.

2.2. Simulation results

First, it is assumed that a fixed Tx power of 8 dBm is used for all HeNBs. The serving cell RSRP and RSRQ statistics for mixed macro eNB and HeNB deployment are shown in Figure 1 (a), and Figure 1 (b), respectively. It is clear that HeNBs provide significant performance enhancement to HUEs by boosting the serving cell RSRP. On the other hand, this may cause service outage to MUEs close to HeNBs as shown in Figure 1 (b).

Since current spec relies on RSRP to trigger cell reselection in idle state, the MUEs in outage condition are not required to start inter-frequency cell reselection procedure while the RSRP measurements remains above the reselection threshold. Note that the inter-frequency reselection threshold Snonintrasearch (RSRP) is set to -102 dBm based on macro only layout [2]. The RSRP statistics shown in Figure 1(a) indicate that the condition of Sserving < Snonintrasearch will trigger 10% of MUEs to perform inter-frequency search and potentially move to a better frequency. However, 50% of MUEs are shown in Figure 1 (b) to have RSRQ < -7 dB which corresponds to -6 dB SINR and poor paging performance. This implies that 40% of MUEs will remain in outage without inter-frequency reselection.
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Figure 1 RSRP and RSRQ for mixed macro and femto cell deployment with 8 dBm HeNB
Next we study the effect of adaptive HeNB power setting. The HeNB transmit power statistics are shown in Figure 2, where 82% of HeNBs are shown to be transmitting at the minimum Tx power of -10 dBm. HeNB transmit power is found to be much lower than the 8 dBm fixed Tx power in order to provide additional protection to MUE.
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Figure 1 HeNB transmit power statistics

The serving cell RSRP and RSRQ statistics with adaptive HeNB power setting are shown in Figure 3 (a), and Figure 3 (b), respectively. It is shown that the HUE RSRP is substantially lower compared to the case of fixed Tx power, but is still much higher than the MUE RSRP in general. The fraction of MUEs in poor coverage (with RSRQ < -7 dB) is shown to reduce to 20% compared to 50% without power control. Since 10% of MUEs will perform cell reselection based on RSRP trigger, there will be 10% MUEs remain in outage without doing inter-frequency cell reselection.
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Figure 2 RSRP and RSRQ for adaptive HeNB power setting
Based on the results shown above, we reaffirmed the fact that there is no adequate existing mechanism to detect DL link quality problems in idle mode even with adaptive HeNB power setting. We proposed to use RSRQ as an additional metric to trigger cell reselection. In this example, if an RSRQ threshold of -7 dB will trigger all outage users to perform inter-frequency cell reselection. 

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

Existing RSRP based cell reselection metric was shown to be ineffective in femto deployment. In more deployment, 40% of MUEs experience poor performance in idle state without triggering cell reselection [2]. In this contribution, we demonstrated that adaptive HeNB power setting algorithm could be used to reduce MUE outage at the cost of shrinking HeNB coverage. With the same deployment model, the fraction of MUEs remains in poor coverage without cell reselection is shown to be 10%.
We propose to use RSRQ as an additional metric for idle state cell reselection, which could effectively trigger all poor coverage MUE in idle state to perform inter-frequency reselection. The performance of RSRQ based trigger could be compared to an alternative scheme [5] that modifies the default IFRI handling procedure. In [6], the IFRI based algorithm is found to generate some unnecessary cell-reselections. Unlike the RSRQ proposal in this document, the IFRI based approach does not directly channel quality into account when triggering cell-reselection.
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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 












