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1. Introduction
Under current Rel-8 procedures, the UE ignores the broadcasted IFRI if broadcasted from CSG cells, i.e. in case the CSG cell is not accessible, the UE reselects to another suitable cell (i.e. second-strongest cell) in the same frequency instead of barring the frequency. However, since then, it has been pointed out that this UE behaviour has some drawbacks, in terms of the service provided to a UE that has ignored a CSG cell as required by the standard [2]. Further simulation results in this contribution confirm the problems shown in [2].
The problem is particular to LTE, because in UMTS RSRQ is used for idle state suitability, and UEs that are too close to a non-allowed CSG cell will find the frequency unsuitable due to the heavy interference.
Among the solutions discussed over email [6], the following categorization is possible.
Table 1: Categorization of solutions
	When to invoke special UE behaviour
	What is the special UE behaviour

	3.1: Interference calculations
	3.2: Barring the frequency for a maximum of 300s (UE allowed to come back before 300s if conditions change)

	3.3 Pathloss based solution
	3.5: De-prioritization of affected frequency layer

	3.4: RSRP Difference solution
	


Regarding the first question about when to invoke the special UE behaviour, there is no consensus currently, but many companies share the feeling that some solution needs to be adopted. This is consistent with the RAN4 recommendation in [7] was to consider the interference scenario due to non-allowed CSG cells. It will be useful to get some input from RAN4 on this topic, regarding the best condition to use to trigger the special UE behaviour.

Regarding the second question about what the special UE behaviour should be, both 3.2 and 3.5 are overall similar solutions. However, 3.5 is a “softer” solution that forces the UE to leave the frequency only if another suitable frequency/RAT can be found. 
2. Simulation Results

2.1. 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].

Other simulation parameters are given below:

· Macro Power = 43dBm

· Dense-urban Model with ISD of 1km

· Noise Power = -99dBm
· 2 Drops.
· Outage criteria: consider a UE to be ‘in outage’ if the SNR for the UE is below -6dB.  
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Figure 1 Top view of the apartment block in dense-urban model

2.2. Results
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 according to two cases. A fixed power of 8 dBm, which is the minimum Tx power upper limit in all cases for adjacent operator channel protection according to 25.104 [10]. Also, we consider a HeNB power adjustment algorithm, that determines HeNB power as per the following two conditions.
- To maintain an SINR of -6dB for a MUE located 80dB away from HeNB
- To make sure the HeNB is not causing unnecessary interference to others by enforcing an SIR cap of -5dB for HUE at 80dB away from HeNB.
The number of UEs in outage is given below. These UEs will suffer from poor paging reception, and also poor link quality in case a connection is initiated.
Table 1: Number of UEs in Outage
	Scenario
	Number of UEs in outage

	8dBm fixed transmit power for HeNB
	55

	HeNB power based on power adaptation
	23


2.3. Summary of simulation results

The results presented above show that under Rel-8 rules, a significant number of UEs experience outage-like conditions. This is in line with the observation in [2] that ignoring the non-allowed CSG cells in the ranking process is undesirable.
Since the expertise for identification of affected UEs is in RAN4, we should request RAN4 to specify a condition where the UE takes steps to leave the frequency. While some example conditions such as “difference of RSRP with configurable threshold”, or “path loss based”, or “interference based” have already been discussed in RAN2, it is desirable to get RAN4 input on the right condition to be used. 

Proposal 1: Request RAN4 to identify a condition under which a UE should take steps to alleviate the interference from a non-allowed CSG cell.
3. Modifications to cell reselection/measurement
For UEs that are affected by interference from the CSG cell, the affected frequency should be assigned the lowest frequency priority value (lower than the network configured values). 

· This de-prioritization should be valid for a maximum of 300 seconds
De-prioritization has the advantage (as noted by Inter-digital [6]) that the UE leaves the frequency only if another RAT/frequency is available. 

Proposal 2: When the RAN4 specified condition is met, the UE shall implicitly de-prioritize the affected frequency to the lowest priority value (lower than the network configured values) for a maximum of 300 seconds. 
If the above proposal is acceptable, some changes to the measurement rules will also be required. Currently, a UE is allowed to not perform measurements on CSG cells, as identified by the PCI split. These rules should be changed to
· UE may continue to ignore CSG cells for ranking purpose, but is required to measure PCI values for CSG cells

· UE should measure the CSG PCI space to check for the RAN4 specified condition.
Proposal 3: Make necessary changes to current rules that allow the UE to omit measurement of the CSG PCI space, and require measurement of these PCIs to the extent required for checking the RAN4 specified condition.
4. Summary

Proposal 1: Request RAN4 to identify a condition under which a UE should take steps to alleviate the interference from a non-allowed CSG cell.

Proposal 2: When the RAN4 specified condition is met, the UE shall implicitly de-prioritize the affected frequency to the lowest priority value (lower than the network configured values) for a maximum of 300 seconds. 
Proposal 3: Make necessary changes to current rules that allow the UE to omit measurement of the CSG PCI space, and require measurement of these PCIs to the extent required for checking the RAN4 specified condition.
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