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1. Introduction 

Existing spec mandates that a UE shall ignore the broadcasted IFRI if broadcasted from CSG cells, while the CSG cells are ignored in the cell ranking. It was pointed out that this may result in UE camping on a cell that has high RSRP level, but suffers from heavy interference which causes lower connection quality for UE initial access and paging [1]. The proposed fix is such that if the UE reselects a non-accessible CSG cell the UE will bar the whole frequency layer for 300 seconds. In this contribution, we simulated the performance of the original algorithm in [1] and other alternatives.
2. Discussion
The baseline algorithm simulated in this contribution is based on the relative ranking of non-allowed CSG cells and macro serving cell. In [1], it is proposed that if a non-allowed CSG cell has the highest ranking, a UE will reselect other frequencies and bar the CSG frequency for 300 seconds. The concerns on the proposal include unnecessary cell reselection of UEs in good condition, ping-pong handover, and long outage of 300 seconds. In this contribution, we evaluate the fraction of unnecessary cell reselections with the baseline algorithm and some parameter optimization. De-prioritizing the frequency is an alternative proposal that could potentially address the last two concerns [2].
2.1. Simulation setup
In this contribution 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].

The set of simulation parameters are shown below:
· Macro Power = 43dBm
· HeNB power between [-10 dBm, 10 dBm].

· Case 1, the HeNB power is fixed to 8 dBm

· Case 2, the adaptive HeNB power setting is used to reduce the MUE outage
· ISD of 1km

· Noise power = -99dBm

· 2 drops of 60 MUE in each drop.
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Figure 1 Top view of the apartment block in dense-urban model
2.2. Results
We first study the sensitivity of system performance to reselection threshold (, where the cell reselection condition is defined as RSRP_CSG – RSRP_CSG >  (. The original proposal in [1] is equivalent to setting ( = 0 dB. In the following simulations, we evaluated the performance of the system with three metrics: 

1. Number of UEs with good C/I (>= -6 dB) that are triggered for cell reselection.

2. Number of UEs with poor C/I (<-6 dB) that are not triggered for cell reselection.

3. Number of UEs with poor C/I (< -6 dB) with current IFRI interpretation.

Figure 2 shows the system performance with fixed HeNB transmit power at 8 dBm. It is observed that 55 out of 120 MUEs have poor C/I in the presence of CSG cells with current IFRI interpretation. With the proposed algorithm, a reselection threshold of 0 dB triggers 6 unnecessary reselection and leaves 6 UEs in poor C/I condition without reselection. The threshold could be optimized to trade off the unnecessary reselection and remaining poor C/I UEs. A higher threshold leads to fewer cell reselections, i.e., fewer unnecessary reselections but more UEs remains in poor C/I condition.  On the other hand, a lower threshold leads to more cell reselections.
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Figure 2 IFRI triggered cell reselection in mixed CSG cell deployment with 8 dBm HeNB
Next we study the effect of adaptive HeNB power setting. 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.

The HeNB transmit power statistics are shown in Figure 3, where 82% of HeNBs are shown to be transmitting at the minimum Tx power of -10 dBm. 
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Figure 3 HeNB transmit power statistics

Figure 3 shows the system performance with adaptive HeNB transmit power. It is observed that 23 out of 120 MUEs have poor C/I in the presence of CSG cells with current IFRI interpretation. With the proposed algorithm, a reselection threshold of 0 dB triggers 2 unnecessary reselection and leaves 6 UEs in poor C/I condition without reselection. Compared to the case of fixed HeNB Tx power, the total outage is significantly reduced. Further threshold optimization could be used to further trade-off unnecessary reselection and UEs remaining in poor C/I.
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Figure 4 IFRI triggered cell reselection in mixed CSG cell deployment with adaptive HeNB power setting
3. Conclusions

Based on the simulation results provided in this contribution, we reaffirmed the fact that current idle mode cell reselection procedure is inadequate even with adaptive HeNB power setting. An adaptive threshold based on CSG and serving cell RSRP differential could significantly reduce the outage UEs at the cost of some unnecessary reselection. 
Compared to the RSRQ proposal in [21], the RSRP differential based approach leads to unnecessary cell reselection. The fundamental reason is that RSRQ differential does not translate directly into channel quality in a multi-cell environment.
We recommend the findings of this study to be considered by the RAN4 WG in choosing the proper cell reselection trigger in idle state.
References

[1] R2-092416 “Usage of IFRI with Cell Reselection to CSG cells”, Nokia
[2] R2-092916, “IFRI handling using RSRP difference with Cell Reselection to CSG cells”, Qualcomm
[3] R4-081344 “HNB and Macro Downlink Performance with Calibrated HNB Transmit Power”, Qualcomm

[4] R4-071617, “HNB and HNB-Macro Propagation Models”, Qualcomm

[5] R4-091895 “RSRQ measurement requirement in idle state”, Qualcomm.




























































1
1

_1274427540.unknown

