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1. Introduction
It was agreed in [1] that the UE shall ignore the broadcasted IFRI if broadcasted from CSG cells, i.e. in case the CSG cell is not accessible, the UE may reselect to another suitable cell (i.e. second-best suitable cell) in the same frequency instead of barring the frequency. It was pointed out in [2] that this might lead to problems in reselection performance towards macro cells.

In this contribution, we present our simulation results to confirm the findings presented in [2]. Methods that use RSRQ as an additional metric for idle state cell reselection have been proposed in RAN4 [5].
2. Scenario and Simulation Assumptions

We consider a dense-urban model that was used for HNB studies in [3]. The dense-urban model corresponds to densely-populated areas where there are multi-floor apartment buildings with smaller size apartment units.  In the dense-urban model, blocks of apartments are dropped into the three center cells of a macro cell layout with ISD of 1 km. Each block is 50mx50m and consists of two buildings (north and south) and a horizontal street between them as shown in Figure 1. The width of the street is 10 meters. Each building has K floors. K is chosen randomly between 2 and 6. In each floor, there are 10 apartment units in two rows of five. Each apartment is 10mx10m (i.e., approximately 1076 square feet) and has a one-meter-wide balcony. The minimum separation between two adjacent blocks is 10m. The probability that a HUE is in the balcony is assumed to be 10%. We drop 2000 apartment units in each cell which corresponds to a 6928 households per square kilometer. This represents a dense-urban area. Taking into account various factors such as wireless penetration (80%), operator penetration (30%) and HeNB penetration (20%), we assume a 4.8% HeNB penetration which means 96 of the 2000 apartments in each cell have a HNB installed from the same operator.

MUEs are also dropped randomly into the three center cells of the 57-cell macro layout such that 30% of the MUEs are indoor. In addition, we enforce a minimum path loss of 38 dB between UEs and HeNBs (i.e., one-meter separation). In the dense-urban model, we use the 3GPP micro-urban model for the outdoor path loss computation. The free-space component for the micro-urban model is given by
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The other propagation models are similar to the ones in [4].
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Figure 1 Top view of the apartment block in dense-urban model

3. Idle State Measurement and Cell Reselection

In the idle state, a UE may choose not to performance intra-frequency measurements if SServingCell > Sintrasearch, where Sservingcell is defined as RSRP of the serving cell. In an operator deployed network. If SServingCell ≤ Sintrasearch, UE shall perform intra-frequency measurements. Similarly, if SServingCell <= Snonintrasearch  the UE shall perform measurements of E-UTRAN inter-frequencies or inter-RAT frequencies cells of equal or lower priority. Proper S​intrasearch and Snonintrasearch thresholds could be set based on the tail distribution of serving cell RSRP measurements.

The cell-ranking criterion Rs for serving cell and Rn for neighbouring cells is defined by:
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where:

	Qmeas
	RSRP measurement quantity used in cell reselections.

	Qoffset
	For intra-frequency: Equals to Qoffsets,n, if Qoffsets,n is valid, otherwise this equals to zero.

For inter-frequency: Equals to Qoffsets,n plus Qoffsetfrequency, if Qoffsets,n is valid, otherwise this equals to Qoffsetfrequency.


The UE shall perform ranking of all cells that fulfill the cell selection criterion S. The cells shall be ranked according to the R criteria specified above, deriving Qmeas,n and Qmeas,s and calculating the R values using averaged RSRP results. If a cell is ranked as the best cell the UE shall perform cell re-selection to that cell. If this cell is found to be a HeNB that the UE has no access to, this cell shall not be considered as a candidate cell. In all cases, the UE shall reselect the new cell, only if the new cell is better ranked than the serving cell during a time interval Treselections.
4. Simulation Results

First, we simulate an operator deployed network with no femto cells. Simulation parameters are shown below

· Macro Power = 43dBm

· Dense-urban Model with ISD of 1km

· Noise Power = -99dBm

· 2 Drops.

The RSRP distribution of “would be” HUEs and MUEs are shown in Figure 2 (a). Here “would be” HUEs refer to the set of indoor UEs that have a HeNB in their apartment, but with the HeNB turned off (in the first simulation.) Since all “would be” HUE are indoor users, their RSRP measurement are shown to be in general lower than the MUEs. The RSRQ distribution is also shown in Figure 2 (b). Considering paging channel outage point to be SINR = -6 dB, the corresponding RSRQ in a fully loaded network is close to -7 dB. Based on the RSRQ CDF, 10% MUEs and 15% HUEs will have poor paging performance in this scenario. 
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Figure 2 RSRP for macro cell only deployment

We then consider the network performance by randomly installing one HeNB in the apartment of each of the HUEs. The HeNB transmit power is 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 [10]. Since HeNBs are not operator deployed, the RF condition throughout the cell could vary drastically in an unpredictable manner.  It could be costly and ineffective to perform drive test and optimize the cell reselection criteria when HeNBs are deployed. On the other hand, the deployment of HeNB will not change the MUE serving cell RSRP. Hence, it is reasonable to assume that the Snonintrafrequence optimized before the HeNB deployment is reused for cell reselection.
The serving cell RSRP CDF for mixed macro eNB and HeNB deployment is shown in Figure 3 (a), and the corresponding RSRQ CDF is shown in Figure 3 (b). It is observed that the RSRP levels for HUEs are at least 25 dB above Snonintrafrequency, while the MUE RSRP levels remain the same. The RSRQ levels for HUEs are shown to be improved significantly with the outage probability dropping from 15% to less than 2% ( -7 dB RSRQ threshold). 

However, the RSRQ levels for MUEs are shown to be reduced significantly reduced due to the CSG restriction of HeNBs. More specifically 50% of MUEs are shown to have RSRQ < -7 dB and experience poor paging performance. Note that the interference scenarios for HNB and HeNB are quite different, where the collision of LTE acquisition signals, PBCH, PDCCHs could lead to worse performance impact for LTE HUEs.

Since current spec relies on RSRP to trigger cell reselection in idle state, the MUEs in outage condition are not required to start intra-frequency or inter-frequency cell reselection procedure while the RSRP measurements remains above the reselection threshold. The fundamental issue is that a high RSRP level from the serving cell does not ensure good channel condition, especially in the presence of CSG cells. Depending on the interference scenario, a UE could be in excellent radio condition or complete outage with the same RSRP measurement. In this example, effectively 50% of MUEs will be outage but the UE behaviour is undefined with only RSRP-based cell selection metric.

Based on the above, we believe that there is no adequate existing mechanism to detect DL link quality problems in idle mode.  
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Figure 3 RSRP for mixed macro and femto cell deployment
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Rs = Qmeas,s + Qhysts 







Rn = Qmeas,n - Qoffset � 




















