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Discussion and decision
1. Introduction
Connected state inbound mobility to a CSG cell is one of the most controversial topics in release-9. Most of the issues came from possibility of PCI confusion. Many proposals were submitted and intensively discussed to address how the UE detects, identifies a CSG cell and how the preliminary access check is performed. The proposals can be classified into two categories: 1) UE based solution which requires the UE to read unique cell ID from the target CSG cell and performs preliminary access check, and 2) network based solution.
The UE based approaches was assumed to require more time and possible service disruption during the period when the UE reads MIB and SIB1 from the CSG cell. But the discussion seems based on only possibility but not on actual evaluation. This contribution includes basic simulation results that will help the discussion. The simulation result shows that the expected out-of-service period is short enough that the eNB can rely on UE based hand-in approach even without an explicit GAP.
2. Simulation Assumptions

The purpose of this simulation is to show how much time is required to get MIB and SIB1 from the target HeNB. More time will be required if the HeNB is placed close to the macro eNB so that the signals from the macro eNB causes more interference to the UEs in communication with HeNB. The simulation was performed in various simulation setups with eNB-HeNB distance 100m, 150m, 300m and 450m. Among the setups, the 100m case captured in the following figure is assumed as the worst case. This contribution will focus on this worst case situation.
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Figure 1 Simulation setup with most interfence from eNB
In each simulation setup, four different UE locations, 5m, 10m, 15m and 20m from HeNB, were considered. The house is modelled as 15m square. The UEs in 5m, 10m and 15m from the HeNB access point are inside the house, but the UE in 20m from the access point is outside the house. Other important simulation conditions are summarized as below. In order to simplify the analysis, it is assumed that the signal from the macro eNB has the same fixed shadowing among simulation runs. Also, no multi-path fading was assumed.
· Macro eNB

· Inter-site distance: 1000 m

· 19 cell 57 sectors (3 sectors per cell)

· Carrier frequency: 2.0 GHz

· Signal bandwidth: 10 MHz
· Total BS transmit power: 46 dBm

· Log-normal shadowing standard deviation: 0 dB

· Home eNB

· Maximum transmit power: 20 dBm

· Log-normal shadowing standard deviation: 4 dB

· Home eNB – Macro UE distances: 0.2m, 5m, 10m (indoor), 15m (outdoor)
· Indoor penetration loss by exterior wall: 20 dB
The path loss model for outdoor UE is
L=128.1 + 37.6log10(R) dB, with R in km.

Other propagation models and parameters are from [1], and other detailed parameters are given in the Appendix.
3. Simulation Result
2.1 MIB and SIB1 decoding probability
The following figure shows SINR distribution for UEs, 5m, 10m, 15m and 20m apart from HeNB access point when the HeNB is placed 100m apart from eNB. The blue curves in the figure are SINR distribution from eNB, and the red curves shows SINR from HeNB. The SINR distribution shows that the signal strength from eNB and HeNB are almost identical for the UE in 10m distance from HeNB. This is because the HeNB is so close to macro eNB that even the UEs within the house may have better signal from eNB than from HeNB depending on its distance from home access point.

In this simulation, The UEs within 10m from access point have higher SINR from HeNB, and the UEs more than 10m away from HeNB has better signal strength from macro eNB. Therefore, the UEs more than 10m away from HeNB need to stay connected with macro eNB, and may not try to read MIB/SIB1 from HeNB.
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Figure 2 SINR from eNB and HeNB
The following table captures decoding probability of MIB and SIB1 from the HeNB located 100m and 450m apart from macro eNB. The signal strength from HeNB is same level as or higer than that from macro eNB in the rows marked in yellow. The decoding of MIB and SIB in this location will succeed within 2 receptions with probability more than 99%. Note that the 100m case is the worst case where the interference from eNB cuases very strong interference to the UEs. This means most of the UEs may decode MIB and SIB1 successfully in 1 or 2 receptions.
The case where HeNB is 450m apart from eNB is shown for comparison. In this location the signal from eNB is much weaker then the case 1. The UEs inside the house can always detect MIB and SIB1 in 1st reception. Even the UE outside the house can detect MIB and SIB1 with around 50% failure probability.

Table 1 Decoding Probability of HeNB MIB and SIB
	eNB –HeNB Distance
	HeNB – UE Distance
	Successful Decoding Probability of HeNB MIB and SIB [%]

	
	
	1st Reception (MIB/SIB1)
	2nd Reception (MIB/SIB1)
	3rd Reception (MIB/SIB1)
	4th Reception (MIB/SIB1)
	Outage (MIB/SIB1)

	Case 1:

100 m
	5 m (indoor)
	100/100
	100/100
	100/100
	100/100
	0/0

	
	10 m (indoor)
	95.95/99.38
	99.24/99.19
	99.72/99.57
	99.96/99.86
	0.04/0.14

	
	15 m (indoor)
	72.90/72.00
	91.23/90.33
	96.13/95.71
	97.99/97.90
	2.01/2.10

	
	20 m (outdoor)
	0/0
	0/0
	0/0
	0/0
	100/100

	Case 2:

450 m
	5 m (indoor)
	100/100
	100/100
	100/100
	100/100
	0/0

	
	10 m (indoor)
	100/100
	100/100
	100/100
	100/100
	0/0

	
	15 m (indoor)
	100/100
	100/100
	100/100
	100/100
	0/0

	
	20 m (outdoor)
	5.71/4.29
	21.42/18.58
	36.66/32.87
	46.18/42.39
	53.82/57.61


Observation 1: Most of the UEs can acquire MIB and SIB1 from HeNB in 1 or 2 receptions if the signal from target HeNB is strong enough to be considered as hand-in candidate.
2.2 Expected disruption time
If the signal quality from HeNB is good enough, the UE can decode MIB and SIB1 successfully in 1st reception of 4 repetitions. The result in section 2.1 shows that this is true for more than 95% time period of the worst case UE. If the UE already acquired timing of the target HeNB by monitoring SCH, the expected disruption to read MIB and SIB1 is only 4ms, and the disruption ratio will be around 2% considering 200ms measurement period. As shown in the following figure 3, the UE can silently move to HeNB to get MIB and SIB1, and minimize overhead to request and assign additional GAP. (Note that the GAP-based approach may require frequent GAP assignment whenever the UE detects PCIs reserved for HeNBs.) The shaded sub-frames are sub-frames that the UE cannot receive signals from macro eNB or HeNB.
Figure 3 Expected disruption period if the UE can decode MIB and SIB1 in 1 subframe
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If the UE requires reading two subframes to successfully decode MIB and SIB1, the disruption time in one measurement period would be 8ms as shown in the following figure 4. This disruption seems still endurable considering possible recovery from HARQ operation.
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 Figure 4 Expected disruption period if the UE needs 2 subframes to decode MIB and SIB1
The figures above are describing hand-in to intra-frequency HeNBs. But additional time to switch UE’s RF to the target frequency for inter-frequency hand-in, might require just a few more symbol periods. The expected total delay would be almost same as the intra-freq hand-in.

Observation 2: The number of sub-frames to read MIB and SIB1 from HeNB, and service disruption during the period are negligible.
4. Observations
Observation 1: Most of the UEs can acquire MIB and SIB1 from HeNB in 1 or 2 receptions if the signal from target HeNB is strong enough to be considered as hand-in candidate.
Observation 2: The number of sub-frames to read MIB and SIB1 from HeNB, and service disruption during the period are negligible.
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6. Appendix

Macro eNB Parameters
	Parameter
	Assumption

	Cellular Layout
	3 sectors per site, reuse 1

	Inter-site distance
	1000m

	Number sites
	19 cells with wrap-around

	Carrier Frequency
	2.0 GHz

	Carrier Bandwidth
	10 MHz

	Penetration Loss (assumes UEs are indoors) 
	20dB or 10dB

	BS antenna gain after cable loss
	14 dBi

	BS noise figure
	5 dB

	Number of BS antennas
	2 Rx, 2 Tx

	UE Antenna gain
	0 dBi

	UE Noise Figure
	9dB

	Number of UE antennas
	2 Rx, 1 Tx

	Total BS TX power (Ptotal)
	46dBm

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
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	Traffic model
	Full buffer

	Minimum distance between UE and cell
	>= 35 meters 

	Number of symbols for PDCCH
	3


HeNB Parameters
	Parameter
	Assumption

	HeNB Frequency Channel
	Same frequency and same bandwidth as macro layer

	HeNB House Dimensions
	15m (X) x15m (Y)

	Min separation HeNB to macro eNB
	40 m

	HeNB position
	House center

	Min separation UE to HeNB
	0.2m

	Number Tx antennas of HeNB
	1

	Number Rx antennas of HeNB
	2

	HeNB antenna gain
	0 dBi

	Exterior wall penetration loss
	20 dB

	Log-normal shadowing standard deviation
	4dB

	Shadowing auto-correlation distance for HeNB
	3m

	Noise figure of HeNB
	8 dB

	Max Tx power of HeNB
	20 dBm
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