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1 Introduction
According to RAN2#72, some FFS in eICIC are listed below:

1) Neighbour macro cells having different ABS

    - might require macro cells to have common ABS subset (FFS)

2) Femto cells with different ABS in one macro

    - might require femto cells to have common ABS subset (FFS)

There has inaccuracy issue of RSRQ which already mentioned in e-mail discuss.
And then as per eICIC’s status report [1] in RAN#50, open issues left in RAN2 are:
· Stage-3 specification work for signalling of RRM/RLM/CSI measurement resource restriction

· RRC signaling for CSI Subframe subset configuration
This contribution is mainly used to discuss remain issues listed above in eICIC.
2 Discussion
2.1 Common ABS subset

Given that macro-pico-femto scenario was considered as a lower priority, UE would never use two types of measurement restriction simultaneously.  That means only macro’s ABS is applicable in macro-pico scenario or femto’s ABS is applicable in macro-femto scenario, i.e. it’s not necessary to consider protection of aggressors. 
There are only two FFS left below:
1) When neighbour macro cells have different ABS, might macro cells require having common ABS subset?

2) When femto cells have different ABS in one macro, might femto cells require having common ABS subset?
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	Figure-1 Pico interfered by multiple macros
	Figure-2  Macro interfered by multiple picos


Figure-1 depicts a scenario where pico cell’s range extension area is overlapped by two macros cells.  If macro cell-2 does not have a common ABS subset with macro cell-1, i.e. pico’s subframe suffer interference from macro cell-1 or macro cell-2, or from both. As a result, subframe in pico cell’s CRE can not escape interference from the macros. As the example in Figure-1, UE can not be offloaded to pico cell where pico’s CRE overlapped with macro cell-1 and macro cell-2. When PUE or MUE in macro cell-1 approach this region (e.g. A3 event is triggered), the macro cell-1’s ABSs are interfered. Consequently, MUE could measure pico cell without range extension bias and PUE could handover to macros.
Considering signal of macros edge are weaker more than cell centre, whether pico cell need to apply large bias values to extend its coverage and the gain of this scenarios need to be confirmed in RAN1. In addition, the common ABS will restrict the applicable ABS patterns which could be used by macros and the flexibility of scheduler also is restricted. Therefore, we think it is not mandatory requirement for macros to configure a common ABS subset among them. 
Proposal 1: It is not required for macros to have a common ABS subset before RAN1 confirm the benefit.
In a typical enterprise environment, the macro may be interfered by multiple femto cells (shown in Figure-2). It is reasonable that femto cells in enterprise are overlapped in order to provide seamless service to employees. Whereas visitors to the company are probably non-member of enterprise’s CSG,  they could join the enterprise’s CSG temporarily, or the macro cells could be accessed with the protection of femto’s ABS. RAN3 is already agreed a requirement of OAM to configure ABS on CSG cell, so it is most probably the femtos under the same macros share the identical ABS configuration.
Proposal 2: It is necessary for the overlapped femtos to have a common ABS subset.

2.2 Inaccuracy of RSRQ 
The aggressor’s RSRQ measurement is over-optimistic caused by absence of aggressor’s data in ABS.
According to 36.214, we have 
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For the macro-pico scenario (one macro cell is considered), RSSI measured (for both PUE and MUE) in ABS and non-ABS could be analytically represented below:
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where, 
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 is the number of RB’s of the E-UTRA carrier RSSI measurement bandwidth, 
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 are average power across the bandwith of cell-specific reference signal, data, thermal noise and other interference observed in one RE respectively. 
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is the percentile of average load status for specific cell in measurement period. 
With (1)-(3), the received signal strength indicator is different in ABS and non-ABS due to the absence/existence of data REs. To simplify the estimation on over-optimization level on RSRQ, we assume 
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 are insignificant comparing with macro or pico’s signal, and 
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is identical to the power of reference signal 
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. Then the difference between RSRQ on ABS and non-ABS is denoted by 

[image: image16.wmf]ABS

-ABS1010

-ABS

10

2210

10log10log

2210

22/10

                                    10lo

g

macropicopicopico

nonABS

nonmacropicomacromacro

picomacropico

PrsPrsLPdata

RSSI

RSRQRSRQ

RSSIPrsPrsLPdata

PrsPrsLP

++´

-==

++´

++´

=

/

[dB]

22/10

picomacro

picomacromacro

dataPrs

PrsPrsL

++´

  
(4)
Accordingly, the difference depends on the percentile of average load , pico(
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) and macro(
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), and power ratio 
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 .
Figure-3 shows the difference of measured RSRQ between non-ABS and ABS. 
The sub-Figure on the left represents the case where 
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 (i.e. the pico’s bias is 20dB). It is observed that the data part of macro eNB dominates the measurement result of RSSI while data part transmitted has little impact on the result. Thus, a small RSSI results in the discrepancy of RSRQ in ABS. The more loaded the macro is, the higher impact the macro has on the difference. Specifically, when non-ABS in macro is under 30% , the difference there is around 3.5 dB. As a contrast, the result is 6 dB for non-ABS is 60%. And, the RSRQ measured in ABS will be 8dB higher than that in non-ABS when the macro is heavy loaded.  In addition, it is noticed that 
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is not always better than 
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. In an extremely case that macro is almost unloaded and pico is nearly 100% load, 
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 will be deteriorated to 0.2dB.
The sub-Figure on the right in Figure-3 is for pico 10dB bias case(i.e. 
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). The pico’s power is stronger than in scenario left and it is not negligible any more. The RSSI depends on both macro and pico although macro still has more impact than pico does.   Accordingly, the RSRQ difference is decided by load of macro and pico. In most cases, 
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 is optimized. Comparing to the left sub-figure, the possibility of  
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 is higher. Specifically, in the case of a heavy load pico (e.g ABS in spare pattern) and a light macro load (i.e. < 5%) , 
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 may be smaller than 
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	Figure-3 Difference of measured RSRQ between  non-ABS and ABS [in dB]


Observation 1: RSRQ measured on ABS is better than RSRQ of non-ABS in most cases, while in some extremely case, RSRQ measured on ABS could be over-pessimistic.
In macro-pico scenario, macro as aggressor could be serving cell for MUE in macro-pico scenario, or neighbour cell for PUE. For neighbour cell in intra-frequency, RSRP is mainly used for mobility purpose and RSRQ is not essential.  And for serving cell (i.e. for MUE), the accuracy of RSRQ is important which is typically used as trigger for addition or removal of inter-frequency or inter-RAT’s measurement object (e.g. RSRQ as trigger quantity for A1/2 event) and a comparison quantity  (e.g. A3/5) to trigger handover to target cell in inter-frequency or inter-RAT.
Proposal 3. Aggressors as neighbouring cells do not need to be measured restrictively.

Proposal 4. Aggressor as a serving cell needs to be measured under restriction of non-ABS if RSRQ is configured; otherwise, no restriction is needed.
So the baseline in e-mail discussion should be modified as below

	Meas. resource restriction
	Pattern 1
	Pattern 2

	Cell types
	Serving cell measurement and RLM
	Measurement of neighbour macros
	Measurement of neighbour picos
	Measurement of neighbour femtos

	Case 1) 
	Subset of Macro’s ABS
	No resource restriction
	Subset of Macro’s ABS 
	No resource restriction

	Case 2) 
	Subset of Macro’s non-ABS if RSRQ is configured
	No resource restriction
	Subset of Macro’s ABS
	No resource restriction

	Case 3) 
	Subset of Femto’s ABS

	Subset of Femto’s ABS 
	Subset of Femto’s ABS 
	No resource restriction


3 Conclusion & Proposal
Proposal 1: It is not required for macros to have a common ABS subset before RAN1 confirm the benefit..

Proposal 2: It is necessary for the overlapped femtos to have a common ABS subset.

Observation1: RSRQ measured on ABS is better than RSRQ of non-ABS in most cases, while in some extremely case, RSRQ measured on ABS could be over-pessimistic.

Proposal 3: Aggressors as neighbouring cells do not need to be measured restrictively.

Proposal 4: Aggressor as a serving cell needs to be measured under restriction of non-ABS if RSRQ is configured; otherwise, no restriction is needed.
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