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1. Introduction
In previous RAN2 meeting, it was agreed in [2] 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. We feel that this may lead to problems in reselection performance towards macro cells.
2. IFRI usage with CSG cells 

Let’s assume a case where the shared carrier (i.e. carrier with both macro and CSG cells) is set as the highest priority for UEs, but a co-located lower frequency carrier with no CSGs is also deployed. In such a case, a non-accessible CSG cell on the shared carrier may cause heavy interference to a UE on a macro cell moving close to it. If the UE ignores the IFRI bit broadcast by the CSG cell, it will most likely select to the macro cell. This may result in UE camping in a cell that is suitable and hearable, but suffers from heavy interference which causes lower connection quality for UE initial access.

We have studied this case with system simulations. Section 2.1 presents simple results that show the difference in performance with (IFRI = ‘not Allowed’) and without the frequency barring (IFRI = ‘allowed’).

2.1 Simulation results
Figure 1 shows the UE DL SNIR for two simulation cases: The first case (labelled “Without barring”) uses the agreed IFRI behaviour in cell reselection i.e. IFRI is set to ‘allowed’ and UE may camp on a not best ranked cell on the same frequency. The second case (labelled “With barring”) assumes IFRI set to ’not allowed’, i.e. UE bars the current frequency and reselects to lower frequency layer if a non-accessible CSG cell is highest ranked cell in current frequency layer. In both cases, it is assumed that the CSG cell is transmitting with 50% load
 all the time, i.e. 50% of its PRBs are scheduled at every TTI. In case “With barring”, i.e. IFRI is ‘Not allowed’, the long tail in SNIR CDF is completely removed according to the criteria presented in previous section. 
CSG cells are creating strong interference especially to the indoor UEs which can be seen from the long tail in SNIR distribution. While the change in the SNIR curve is relatively small, it is important because the improvement happens to the users who are worst off, who are typically the cell edge (indoor) users. So improvement in the low-end SNIR signifies performance improvement for cell-edge users. In this case, cell-edge users are also users who are close to the CSG cells.
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Figure 1. Initial access SNIR with and without frequency barring, 50% load in CSG cell

2.2 Further Impact discussion

By keeping the current definition of IFRI on CSG cells it may also occur that UEs without access to a very nearby CSG cell could experience network coverage blackouts, i.e. the UE seems to be in service but in practice no actual traffic can be initiated due to interference from the nearby CSG. This could create ‘black holes’ in the macro cell level when deploying CSG cells on shared carrier with macro layer. In this case the UE should move to another frequency or RAT. Another potential solution is to control the output power of the CSG cell, but it seems rather difficult to remove this problem entirely especially if macro cell user is in an indoor environment with non-accessible CSG deployment.

Using load based measurements in order to circumvent this problem (i.e. that the UE experiences high interference when close to a non-accessible CSG cell with high traffic load) could be imagined as a possibility. The problem arising from using load based measurements on UE side of a CSG cell, would be based on the basics of the traffic understood to be the primary source of traffic in E-UTRAN – namely packet based traffic. One characteristics of this traffic type (maybe with exception of VoIP) is that it is very bursty and non-predictable in nature. This makes the use of such traffic load based measurements questionable both in how to define such measurements and how to apply them in reselection. 
Based on the discussion in this paper we therefore propose to re-open the discussion on the usage of the IFRI bit in connection with CSG cells again.
3. Conclusions

In this contribution we have discussed the usage of IFRI with CSG cells in a shared-carrier case. We recommend that RAN2 discusses and reconsiders the decision made during RAN2#64 on allowing UE to ignore the broadcast value of IFRI from CSG cells. We propose to change the current behaviour such that if the UE reselects a non-accessible CSG cell the UE will bar the whole frequency layer for 300 seconds.
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Annex A. System simulation assumptions
A.1 Simulation set-up

This study has been performed using a fully dynamic time driven system simulator which simulates UL and DL directions simultaneously with a symbol resolution. We have used RSRP measurements for evaluating the best cell and for making the actual cell selection and cell reselection decisions. In the simulations the UE makes RSRP measurements with predefined period (“measurement interval”). The collected measurement results are then non-coherently averaged over a predefined sliding window (“measurement period”). It is also assumed that cells are automatically detected by UE, thus no cell search procedure is assumed. 
These studies have been done in a combined macro-CSG scenario with two frequency layers presented in Figure 2. Both frequency layers have co-located macro cells and CSG cells are on the higher priority layer. All users are created inside a macro hotspot, which is situated in the middle of three sites with total of 6 macro cells (area border indicated with dotted line in Figure 2). Users are able to connect only to the grey cells indicated in the figure. The surrounding white cells are interferers, i.e. they only create same kind of interference as middle 6 cells and a UE cannot do cell selection or reselection to them.

Inside the macro hotspot there are 37 buildings having uniform separation to their neighbouring buildings. UEs created to the surrounding macro hotspot can enter to the buildings and exit from them. The layout of the building is depicted in Figure 3. The building walls do not restrict users’ mobility but they do affect the signal propagation. CSG cell with isotropic antenna is created in the middle of each building. The macro and CSG parameters are presented in Table 1. 
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	Figure 2. Simulation scenario
	Figure 3 Building layout


In the simulations 50 % resource block (RB) loading is generated to all cells to have reasonable interference conditions in the network. Although, these simulations are used to evaluate idle mode performance all UEs are sending one packet per 10 seconds to be able to estimate what kind of Signal-to-Interference-and-Noise-Ratio (SNIR) UE would have in downlink when starting a call.   
A.2 Reselection algorithm

In these studies cell selection and reselection are based on RSRP measurements according to following criteria:

1. If UE is camped to a lower layer cell and there is another cell that is better than absolute threshold (SnonServingCell,x > Threshx,high) on highest frequency layer, UE performs a cell reselection to that cell
2. If another cell is Qhysts better than serving cell on the current frequency layer, perform reselection

3. If UE is camped to a higher frequency layer cell and serving cell is worse than absolute threshold (SServingCell < Threshserving,low) and another cell is better than another absolute threshold (SnonServingCell,x > Threshx,low) on a lower layer cell, perform reselection to lower frequency layer cell

Table 1. Key simulation parameters
	Feature/Parameter
	
	Value/Description

	Operation Bandwidth
	
	10 MHz

	IFFT/FFT length
	
	1024

	Duplexing
	
	FDD

	Number of sub-carriers
	
	600

	NW synchronicity
	
	Asynchronous NW

	Sub-carrier spacing
	
	15 kHz

	Resource block bandwidth
	
	375 kHz

	Sub-frame length
	
	1 ms

	Reuse factor
	
	1

	Number of symbols per TTI
	
	14

	Number of data symbols per TTI
	
	10

	Number of control symbols per TTI
	
	3

	Simulations Scenario
	Combined macro-CSG scenario with 2 frequency layers
	High priority layer: 55 cells (18 macro cells and 37 CSG cells)

Low priority layer: 18 macro cells

	
	Macro cell ISD
	500 m

	
	Antenna pattern
	Macro cells: 70-degree sectored beam

CSG cells: Omni directional antennas

	Distance-dependent path loss
	Outdoor
	128.1 + 37.6log10(r)

	Distance-dependent path loss
	Indoor
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, 

kw is number of penetrated wall and Lw is wall loss (5 dB)

	Shadowing standard deviation
	
	8 dB

	Shadowing correlation distance
	
	50m

	Shadowing correlation between macro sites
	
	1.0

	Shadowing correlation between macro cells
	
	0.5

	Multipath delay profile
	
	TU

	UE Speed
	
	3 kmh

	Receiver
	
	2RX MRC

	RSRP Measurement
	Measurement Bandwidth
	6 PRBs

	
	Measurement Interval
	1.28 s in idle mode 

	
	Measurement Period
	2 measurement samples

	
	
	


A.3 SNIR-Curve from case with 100% CSG load

Figure 4 shows the SNIR-curve for a case where the CSG cell is fully loaded all the time: The same “tail-effect” as with 50% load is visible, just more pronounced.
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Figure 4. Initial access SNIR with and without frequency barring, 100% load in CSG cell















































































































































































� See Annex A.3 for another figure from simulations with 100% CSG load





