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1. Introduction

In RAN1#66bis meeting, it was agreed that:
· Bias values beyond 6 dB can provide performance gains for some macro/pico deployments in interference limited scenarios with techniques that mitigate CRS interference 
· Optimum bias value varies depending on the evaluation scenario

· Further RAN1 work (evaluations and design/solutions) is to be done for

· 6 through 12 dB bias

· Zero and reduced power ABS

· Receiver-based solutions 

· PDSCH muting as described in R1-113573
· Relation with PDCCH is studied.

·  Impact on overhead should be studied.

In this contribution, we provide static analysis of pico coverage area and worst SIR within it with pathloss calculation without fading depending on its position in macro cell area and CRE offset.
2. Discussion
Coverage area and minimum SIR (or worst SIR) within it was examined for every grid where a pico node is placed in the figures in this contribution. 
The estimation was done such that

· One pico cell was dropped on one of the grid of the figure,
· Signal strength was calculated around the grid with path loss model of ITU
· Pathloss was calculated as an average between pathloss of LOS and NLOS with LOS probability

· Coverage area was estimated with 1[m2] resolution

· Thermal noise was not considered

· Fading was not considered
· ABS was not considered (which will not affect this study)
2-1. Estimation of pico coverage area
In figure 2-1.1, the value on each grid shows estimation of pico coverage area in percentage relative to 40m*40m* [m2] if a pico node is placed on the grid. Coverage area was decided by maximum signal strength.
Observations:

With 0dB offset, pico coverage area is large enough up to 250% if pico node is placed in the cell edge area of macro cells.

On the other hand, pico coverage area is shrunk down to 15% if pico eNB is placed close to macro eNB.
With 6dB offset, pico coverage area is expanded up to more than 400% if pico node is placed in the cell edge area of macro cells.

Pico coverage area is expanded to 40% at minimum if pico eNB is placed close to macro eNB.

With 9dB offset, pico coverage area is further expanded more than 500% if pico node is placed in the cell edge area of macro cells.
Pico coverage area is expanded to 70% at minimum if pico eNB is placed close to macro eNB.
With 12dB offset, pico coverage area is expanded more than 700% if pico node is placed in the cell edge area of macro cells.

Pico coverage area is expanded to 120% at minimum if pico eNB is placed close to macro eNB.
In cell edge area of macro cells, no CRE offset seems necessary for a pico cell from coverage point of view.

CRE offset of 12dB seems large enough from coverage point of view and larger offset seems not necessary.
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(a) CRE offset = 0dB
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(b) CRE offset = 6dB
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(c)  CRE offset = 9dB
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(d)  CRE offset = 12dB

Fig. 2-1.1

Coverage area size [%] of pico cell depending on its centre position.
2-2. Estimation of minimum SIR within pico coverage

In figure 2-2.1, the value on each grid shows estimation of minimum SIR [dB] within pico coverage if a pico node is placed on the grid.

Observation:

With 0dB CRE offset, min. SIR within pico coverage is -5dB at worst if a pico node is placed in cell edge area of macro cells.

On the other hand min. SIR within pico coverage is 0dB at maximum if a pico node is placed close to macro eNB.
The reason why min. SIR within pico coverage is worse if a pico node is placed in cell edge area of macro cells is that there are two or three (dominant) interferer while there is only one (dominant) interferer if a pico node is placed close to macro node.
With 6dB CRE offset, min. SIR within pico coverage is degraded to -11dB at worst if a pico node is placed in cell edge area of macro cells.

Min. SIR within pico coverage is -6dB at maximum if a pico node is placed close to macro eNB. 
Both are degraded by 6dB compared to no CRE offset (same as CRE offset).
With 9dB CRE offset, min. SIR within pico coverage is degraded to -14dB at worst if pico node is placed in macro cell edge area of macro cells.

Min. SIR is -9dB at maximum if pico node is placed close to macro eNB.

Both are degraded by 9dB compared to no CRE offset (same as CRE offset).

With 12dB CRE offset, min. SIR within pico coverage is degraded to -17dB at worst if pico node is placed in macro cell edge area of macro cells.

Min. SIR is -12dB at maximum if pico node is placed close to macro eNB.

Both are degraded by 12dB compared to no CRE offset (same as CRE offset).

Larger CRE offset expands shrunk pico coverage area more if the pico node is placed close to macro node. On the other hand it will degrade the min. SIR value within a pico coverage more.

Applying no CRE offset is preferable for a pico node if it is placed in the cell edge area of macro cells.
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(a)  CRE offset = 0dB
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(b)  CRE offset = 6dB
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(c)  CRE offset = 9dB
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(D)  CRE offset = 12dB

Fig. 2-2.1  Minimum SIR [dB] within pico coverage area

2-3. Applying appropriate CRE offset depending on pico location
In section 2-1, if a pico node is placed in the cell edge area of macro cells, it was shown that pico node has enough coverage, and in section 2-2, it was shown that min. SIR within pico coverage is worse with non-zero CRE offset value. It can be seen that CRE offset is not needed if pico node is placed in such area.
In figure 2-3.1, required CRE offset is shown to achieve target area size of 65%, 80% and 95% for each grid where a pico node is placed. It can be seen that required CRE offset depends on the target size of pico cell if pico node is placed close to macro node (needless to say).
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(a) target area size = more than 65%
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(b) target area size = more than 80%
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 (c) target area size = more than 95%

Fig. 2-3.1

Appropriate CRE offset value depending on target area size
In figure 2-3.2, the value on each grid shows minimum SIR within a pico coverage with CRE offset value shown in figure 2-3.1 if the pico node is placed on the grid .
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(a) target area size = more than 65%
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(b) target area size = more than 80%
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(c) target area size = more than 95%

Fig. 2-3.2
  Minimum SIR [dB] within pico coverage area with CRE offset

3. Conclusion
From observations in this contribution, it will be important to apply proper CRE offset to each pico node to have enough coverage and keep minimum SIR value moderate within pico coverage. 
We propose that
· Evaluate FeICIC with appropriate CRE offset for each pico cells for further study
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