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1 Introduction
Increasing the LPN cell individual offset (CIO) is one of the mechanisms of increasing UE offload from the macro to the LPN layer in a co-channel hetnet deployment. In the previous RAN1 meeting, the need was identified to analyse the system impact of increasing the LPN CIO. For example, DL control channel overhead is affected and the related simulation framework was discussed on the email reflector [1]. While not following all of the assumptions of [1], in this document we provide some simulation results and discussion of the applicable CIO range.
We conclude that, as CIO is increased to 6 dB or beyond, cell detectability cannot be guaranteed under typical simulation assumptions. This can be accounted for in a system level simulation either by increasing the TX Ec/Ior level for the CPICH and SCH or by including a cell detectability criterion.

2 Simulation Results and Discussion
The simulation collected the geometry CDF for LPN UEs located in the CIO region, namely:
· The UEs served by LPN cells, and
· UEs for which the following holds:

[image: image1.wmf](

)

(

)

SSM

CIO

I

CIO

I

macro

macro

or

LPN

LPN

or

<

+

-

+

,

,

ˆ

ˆ


where 
[image: image2.wmf]macro

or

I

,

ˆ

 refers to the strongest received macro cell, 
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 is the macro layer CIO (0 dB) and SSM is the serving cell selection margin, which was set to 3 dB in the simulations.

The serving cell is determined as follows, using the SSM parameter:

· If the difference between 
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 of the first and second ranked cells is higher than SSM then the first ranked cell becomes the serving cell.

· If the difference between 
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 of the first and second ranked cells is lower than or equal to SSM then the serving cell is randomly picked from the first and second ranked cell (with equal probability).

The CIO region LPN UEs are illustrated in Figure 1.
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Figure 1  Illustration of the CIO region LPN UE location.

The simulation results are shown in Figure 2. According to Table 1, the CIO-region LPN UEs typically constitute between 15% and 30% of the LPN UE population. The fraction of CIO-region LPN UEs reduces as CIO increases because the fraction of LPN-macro ‘cell edge’ shrinks: as LPN cells expand, the LPN-LPN ‘cell edge’ becomes prevalent. Note that for the LPN CIO of 12 dB, the apparent coverage area of an LPN and macro cell is similar.
It can be observed from Figure 2 that for CIO equal to 9 dB and 12 dB, the CDFs fall below -10 dB for the most part. In the case of CIO of 6 dB, the median corresponds to -9.2 and -8.3 dB in the case of the hotspot and random UE distribution, respectively.
Recall that, according to the cell detectability requirements [3], a cell is considered detectable when
· Received CPICH Ec/Io > -20 dB and SCH_Ec/Io > -20 dB if DL_DRX_Active = 0
· Received CPICH Ec/Io > -17 dB and SCH_Ec/Io > -17 dB if DL_DRX_Active = 1

The distributions of CPICH and SCH RX Ec/Io, corresponding to CIO of 6 and 9 dB are plotted in Figure 3. It has been assumed that TX CPICH_Ec/Ior is equal to -10 dB and TX SCH_Ec/Ior is equal to -12 dB. The distributions indicate that cell detectability cannot be guaranteed if CIO is increased beyond 6 dB. The CIO value of 6 dB itself is borderline and cell detectability may still be a problem for a significant proportion of UEs. There are two ways of handling this issue at CIO of 6 dB (or higher) in system level simulations:

· Increase TX Ec/Ior for the CPICH and the SCH in order to ‘push’ the RX Ec/Io of these channels past the -20 dB point. For example, in the case of CIO=6 dB, TX CPICH and SCH Ec/Ior can be set to approximately -8 dB.
· Do not increase the TX power of CPICH and SCH. However, a cell detectability criterion is included in the simulation. A cell must satisfy this criterion before it can be added to the active set for a UE. The detectability criterion may be formulated as follows:

· If RX CPICH_Ec/Io > -20 dB and SCH_Ec/Io > -20 dB, cell is detectable.

· If RX CPICH_Ec/Io ≤ -23 dB or SCH_Ec/Io ≤ -23 dB, cell is not detectable.

· Else cell is detectable with the probability pa. The motivation for this condition is the fact that a UE travelling from an LPN cell into a macro cell only needs to remain synchronized to the LPN cell, rather than actually detect it. The value of pa should reflect the ratio of the LPN and macro UE population.
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Figure 2  Geometry of UEs served by the LPNs and located in the CIO region.

Table 1  The percentage of UEs served by the LPNs and located in the CIO region.

	UE placement method
	CIO = 0 dB
	CIO = 3 dB
	CIO = 6 dB
	CIO = 9 dB
	CIO = 12 dB

	HotSpot UE placement
	26.4 %
	23.4 %
	20.4 %
	16.5 %
	13.2 %

	Random uniform UE placement
	33.8 %
	32.2 %
	29.5 %
	26.5 %
	23.8 %
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Figure 3  Distribution of RX Ec/Io for CPICH and SCH.

3 Conclusion
In this contribution, geometry and Ec/Io CDFs of UEs served by LPNs and located in the CIO region were reported. Given the cell detectability requirements, the following proposal is made:
Proposal: for large LPN CIO values (i.e. around 6 dB or higher), LPN cell detectability should be taken into account in system level simulations. This can either be achieved by increasing the TX CPICH and SCH Ec/Ior, or by introducing a cell detectability criterion into the simulation.

Annex A
Simulation Assumptions
The major simulation assumptions are listed in Table 2 and comply with the assumptions given in [3].

.
Table 2  Simulation Assumptions
	Parameters
	Values and comments

	Carrier Frequency
	2000 MHz

	Cell Layout
	57 cell hexagonal (19 NodeB, 3 sectors per Node B with wrap-around)

21 cell hexagonal (optional)

	Inter-site distance
	500 m

	Number of LPNs 
	4 per macro cell

	Deployment of LPNs


	Minimum distance between LPN and macro cell: 75m

Minimum distance between LPNs: 40m 

	Dropping criteria for LPNs
	LPNs are randomly and uniformly distributed within a macro cell.

	Number of UEs
	16 per macro cell area

	Deployment of UEs
	The minimum distance between UE and macro cell is 35m

The minimum distance between UE and LPN is 10m

	Dropping criteria for UEs
	Random: UE randomly and uniformly distributed within a macro cell 
Hotspot: Randomly and uniformly dropping with Photspot of the total users within a radius, r, of LPN base station, and randomly and uniformly dropping of the remaining users in the entire macro geographical area of the given macro cell (including LPN area).
· Photspot = ½ 

· The radius r of the LPN is equal to 20m, 35m, and 60m when the LPN power is 24dBm, 30dBm, and 37dBm, respectively.

	Scenarios
	Outdoor

	Path Loss (dB)
	Macro Node: L=128.1 + 37.6log10(R), R in kilometres

LPN: L=140.7 + 36.7log10(R), R in kilometres

	Log Normal Fading

(outdoor)
	Standard Deviation: 8dB (macro cell); 10 dB (LPN)

Inter-Node B Correlation: 0.5

Intra-Node B Correlation: 1.0 

	Antenna pattern
	3GPP ant (2D ant):
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LPN: 2D Antenna, omni-directional

	Maximum Tx Power of NodeB
	Macro Node: 43dBm

LPN: 37 dBm, 30 dBm, 24 dBm

	Max BS Antenna Gain
	Macro cell: 14dBi

LP cell: 5 dBi

	Max UE Antenna Gain
	0dBi

	UE Noise Figure
	9 dB

	Thermal noise density
	-174dBm/Hz (reception bandwidth 3.84MHz)

	CIO
	varied
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Figure 4  Example illustration of the simulated deployment.

Annex B
Calibration Results

Figure 5, Figure 6 and Figure 7 show calibration results obtained with the following settings:

· LPN power, 30dBm
· 16 UEs/Macro geographic area

· 50% Hotspot UE dropping, 35m radius for 30dBm

· LPN/macro cell
· 0dB CIO

· Outdoor pathloss model

It can be observed that these results calibrate well with the results provided by other companies.

Geometry is defined as the ratio of the serving cell 
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 to the combined power of other signals in the RX bandwidth.

In Figure 5, Figure 6 and Figure 7 the serving cell selection margin (SSM) value is set to 0 dB i.e. the serving cell is the same as the strongest cell for a given UE.
Figure 8 illustrates the impact of SSM = 3 dB. The serving cell is determined as follows:

· If the difference (in dB) between the 
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 of the strongest and second strongest cells is higher than SSM then the strongest cell becomes the serving cell.

· If the difference between the 
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 of the strongest and second strongest cells is lower than or equal to SSM then the serving cell is randomly picked from the strongest and second strongest cell (with equal probability).
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Figure 5  LPN loading, SSM = 0 dB.
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Figure 6  Geometry, SSM = 0 dB.
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Figure 7  Geometry, SSM = 0 dB.
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Figure 8  Geometry, SSM = 3 dB.
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