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Discussion and decision
1. Introduction
In the email discussion about inbound mobility to CSG cells, it was proposed to introduce CSG specific enhancement to the measurerment procedure such as CSG specific offset or a new measurement event for CSG cells. This contribution provides simulation results on channel condition of various HeNB locations for intra-frequency HeNB deployment and discusses expected UE behaviour and the need for such CSG specific enhancements.
2. Discussion
2.1 HeNB deployment examples
The HeNB can be located in any place in a macro cell. This contribution provides simulation result for 6 locations as examples with two different HeNB deployment models, suburban model and urban dense-HeNB model:

1.  eNB-HeNB distance 50m in the urban dense-HeNB model

2.  eNB-HeNB distance 100m in the urban dense-HeNB model

3.  eNB-HeNB distance 200m (cell edge) in the urban dense-HeNB model

4.  eNB-HeNB distance 100m in the suburban model

5.  eNB-HeNB distance 400m in the suburban model

6.  eNB-HeNB distance 700m (cell edge) in the suburban model

In the urban dense-HeNB model, 500m is assumed for the cell site distance, and the house is modelled as 10m square. The HeNB is placed in the center of the house, and the UEs located at 2m and 4m from the center of the house are indoor UEs and UEs in the other distances are outdoor UEs. In the suburban HeNB model, 1732m is used for the cell site distance, and the house is modelled as 20m square (400 square meters). 4m and 8m are indoor locations and 12m and 16m are outdoor locations. For case 4 to 6, the external wall is assumed to have 12dB paneteration loss instead of 10dB loss used in [2]. The detailed simulation setup can be found in [1], [2] and [3].
2.2 Channel condition and expected UE behaviour
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Example 1. SINR from macro eNB and HeNB at the 50m eNB-HeNB distance, urban-dense HeNB model
At the 50m eNB-HeNB distance in the urban-dense HeNB model, the HeNB signal strength is very poor outside the house. It seems unreasonable to trigger hand-in early as the HeNB cannot provide service at this time. Also the signal strength from the macro eNB is still good enough to provide service inside the house considering around -5dB operating point for the lowest MCS level. Therefore early measurement report for CSG cells is not required for this example, and the eNB needs to defer hand-in after the UE enters the house.
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Example 2. SINR from macro eNB and HeNB at the 100m eNB-HeNB distance, urban-dense HeNB model
In the example 2 (the 100m eNB-HeNB distance in the urban-dense HeNB model), the HeNB signal strength outside the house is stronger than example 1 but still quite low to sustain reliable connection. So early hand-in may cause RLF for the most of the time. Early measurement report for CSG cells seems not required for this example. The notable difference from example 1 is that the signal strength from the macro eNB is also quite low inside the house. So if the eNB triggers hand-in after the UE enters the house, it can also cause RLF.
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Example 3. SINR from macro eNB and HeNB at the 200m eNB-HeNB distance, urban-dense HeNB model
At the 200m eNB-HeNB distance in the urban-dense HeNB model, the situation is quite different from the example 1 and 2. The signal from HeNB is weaker than that from macro eNB outside the house, but the HeNB can keep reasonable signal strength if the outdoor UE is close to the house. On the contrary, macro eNB signal quality is very poor inside the house. The eNB can think of triggering hand-in early as it may not be possible to keep connection after the UE enters the house.
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Example 4. SINR from macro eNB and HeNB at the 100m eNB-HeNB distance, suburban model

The house was modeled as 36m square in previous simulation work [1]. In this contribution, some of the modeling used in [1] is modified to reflect suburban situation better. The house size is modified to 400 square meters. 1732m cell site distance is assumed instead of 1000m.

The new simulation result shows that the channel condition at 100m eNB-HeNB distance in the suburban model is similar to the example 1. The HeNB signal strength is very low outside the house but the signal from the macro eNB still has reasonable quality to sustain connection inside the house. Similarly as example 1, the eNB can defer hand-in after the UE enters the house.
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Example 5. SINR from macro eNB and HeNB at the 400m eNB-HeNB distance, suburban model

The new simulation result for example 5 (the 400m eNB-HeNB distance in the suburban HeNB model) is similar to the example 3. As the macro eNB cannot keep its connection with the UE inside the house, and the HeNB signal strength is similar to the macro eNB signal strength at 12m distance that is just outside the house, early hand-in can be considered.
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Example 6. SINR from macro eNB and HeNB at the 700m eNB-HeNB distance, suburban model
One additional simulation result for the 700m eNB-HeNB distance in the suburban HeNB model shows that the HeNB signal strength is quite stronger than that of the macro eNB even outside the house. Current measurement mechanism will work well in this example.
2.3 Observation and proposal
As we can see in the previose section, early measurement report and early hand-in may help some HeNBs located in the small area of the macro coverage. But early report may not be always possible for HeNB close to the macro eNB as in example 1 and 2 due to huge signal strength difference (more than 20dB difference) between the macro eNB and the HeNB outside the house. And current measurement mechanism will be enough to support seamless hand-in for some HeNB locations as example 6. Also early measurement report and early hand-in have side-effects such as:
1.  More than normal interference to the macro cell as the UE hands-in even when the target CSG has lower signal strength than the macro.
2.  Flood of unnecessary measurement reports for HeNBs that has better signal strength even outside the house. (example 6)

3.  Unnecessarily increased coverage for CSG cells. (As macro eNB that has no information on the location of the target CSG cell will trigger hand-in earlier always.)

Therefore it can be concluded that introducing CSG specific offset or measurement event for CSG is not complete solution to provide seamless hand-in to CSG cells. It is proposed to keep current measurement mechanism for CSG cells. Further enhancement can be considered as part of release-10.
Proposal 1: It is proposed to keep current measurement event for CSG cells in release-9.

If the current measurement events are used without modification, RLF may happen sometimes when the UE enters HeNB (see example 2 in the previous section). Current connection re-establishment procedure can be used for this case.
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