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1 Introduction
At RAN2#71bis meeting, the discussion on eICIC was kicked off and an email discussion was started after this meeting to discuss measurement restriction patterns for different scenarios, trigger of pattern reconfiguration and operations in idle mode [1]. This contribution mainly discusses measurement restriction patterns for connected mode. 

2 Discussion
Two interference scenarios are considered in eICIC: macro<->pico and femto<->macro. Under these two scenarios, we classify the cells into two types: aggressor and victim, as shown in Table 1. In the following discussion on measurement pattern, we will use aggressor to represent macro or femto, and victim to represent pico or macro. 
Table 1 Aggressor/victim cell in different eICIC scenarios

	
	Aggressor cell
	Victim cell

	Macro<->pico
	Macro
	Pico

	Femto<->macro
	Femto
	Macro


Since the purpose of connected mode measurement is to determine whether the UE is suitable to be served by the measured cell, all UEs (no matter currently served by the measured cell or not) should use the same measurement resource restriction for measuring a given cell (no matter victim or aggressor) so as to achieve the same measurement results. 

Proposal 1: All UEs (no matter currently served by the measured cell or not) should use the same measurement resource restriction to measure a given cell (no matter victim or aggressor).
Based on the configured ABSF resource, we will discuss which resources are suitable for measurement in different cases.
· Measurement resource(s) for the victim cell:

· RSRP: A UE (served by aggressor or victim cell) should use the ABSF selected by victim to measure the RSRP of the victim cell (no matter serving or neighbour), since the CRS in other subframes may be severely interfered by the aggressor cell(s), which results in unreliable RSRP measurement results.
· RSRQ: Similar to RSRP measurement, since the subframes apart from the ABSF selected by victim may experience interference from aggressor cell(s), measuring these resources may cause pessimistic RSRQ estimation. Hence, a UE (served by aggressor or victim cell) should use the ABSF selected by victim to measure the RSRQ of the victim cell (serving or neighbour).

· Measurement resource(s) for the aggressor cell:

· RSRP: A UE (served by aggressor or victim cell) can use all the subframes to measure the RSRP of aggressor cell (no matter serving or neighbour), since CRS carried in both ABSF and non-ABSF will not experience interference.

· RSRQ: Since the data of the aggressor cell are not scheduled in its ABSF, measuring these resources may result optimistic RSRQ measurement results and measuring all subframes also makes compensation of RSSI estimation quite complex. Therefore, a UE (served by aggressor or victim cell) should use aggressor’s non-ABSF to measure the RSRQ of the aggressor cell (serving or neighbour). 

Based on the above analysis, the suitable measurement resources in different cases are summarized in the following table.
Table 2 Measurement resource restriction patterns for aggressor/victim cells
	
	Measurement resource(s)

	
	Suitable resource for RSRP measurement
	Suitable resource for RSRQ measurement
	Proposed resource for measurement for both RSRP and RSRQ

	For victim cell (serving or neighbour)
	ABSF selected by victim
	ABSF selected by victim
	ABSF selected by victim

	For aggressor cell (serving or neighbour)
	All subframes
	Aggressor’s non-ABSF
	Aggressor’s non-ABSF


In order to avoid different resource restrictions for RSRP and RSRQ measurement, the intersection between suitable measurement resources for RSRP and RSRQ is proposed to be used, which are the subframes applicable for all the UEs in the measured cell, as shown in the rightmost column of table 2.
Proposal 2: A UE should measure a victim cell in the ABSF selected by victim, and measure an aggressor cell in the aggressor’s non-ABSF.

A victim cell will schedule data transmission only in the ABSF selected by victim for those UEs on its cell edge or close to the aggressor cell, where dominant interference is envisioned. On the other hand, the UEs close to the center of serving victim cell or far from the aggressor cell could be scheduled in all the subframes for high resource utilization efficiency. However, we think that a UE served by the victim cell should only measure the serving cell on the ABSF selected by victim regardless of its radio condition, even though the radio condition permits the UE to be scheduled in all subframes. In this way, the reconfiguration frequency can be reduced. Measuring only ABSF when the UE could be scheduled in all subframes may impact on the measurement accuracy. However, since the ABSF patterns should be those that meet the RAN4 performance requirement, and considering that the UE in bad radio condition also can only measure ABSF, this impact should be acceptable.
Proposal 3: A UE served by the victim cell should only measure the serving cell on the ABSF selected by victim regardless of its radio condition (located in cell center/cell edge, close to/far from the aggressor cell), although the victim cell can schedule the UE experiencing less interference in all subframes.
Based on the proposals 1-3, the ideal measurement resource restriction patterns are given in following tables. Specifically, we consider three scenarios:
· Scenario 1 – macro<->pico: 

· There are only pico cells in macro’s coverage, where only the interference from macro to pico is considered.
Table 3 Measurement resource restriction pattern in scenario 1

	UE Type
	Serving cell measurement and RLM
	Measurement of neighbour macros
	Measurement of neighbour picos
	Measurement of neighbour femtos

	PUE
	ABSF selected by the serving pico
	Macro’s non-ABS
	ABSF selected by the neighbour pico
	--



	MUE 
	Macro’s non-ABS 
	Macro’s non-ABS 
	ABSF selected by the neighbour pico
	--


· Scenario 2 – femto<->macro:

· There are only femto cells in macro’s coverage, where only the interference from femto to macro is considered.
Table 4 Measurement resource restriction pattern in scenario 2

	UE Type
	Serving cell measurement and RLM
	Measurement of neighbour macros
	Measurement of neighbour picos
	Measurement of neighbour femtos

	MUE
	Femto’s ABS 
	Femto’s ABS 
	--


	Femto’s non-ABS 


· Scenario 3 – femto<->macro<->pico

· Threre are pico and femto cells in macro’s coverage, where both the interference from macro to pico and the interference from femto to macro are considered. However, we do not consider the case where pico is interfered by the femto.
Table 5 Measurement resource restriction pattern in scenario 3
	UE Type
	Serving cell measurement and RLM
	Measurement of neighbour macros
	Measurement of neighbour picos
	Measurement of neighbour femtos

	PUE
	ABSF selected by the serving pico
	Intersection of macro’s non-ABS and femto’s ABS
	ABSF selected by the neighbour pico
	Femto’s non-ABS


	MUE
	Intersection of macro’s non-ABS and femto’s ABS
	Intersection of macro’s non-ABS and femto’s ABS 
	ABSF selected by the neighbour pico
	Femto’s non-ABS


Generally, we assume that different ABSF patterns should be supported between macro cells, since the numbers of picos under the coverage of different macro cells and the load of different cells may vary, resulting in different ABSF densities of macro cells. Certainly, if one pico cell is located between multiple macro cells, it would be possible to coordinate common measurement resource restriction for the pico cell across different macro cells 

Proposal 4: The scenario of macro cells having different ABSF patterns should be supported.

Based on proposal 4, the “macro’s (non-)ABS” or “femto’s (non-)ABS” in table 3-5 represent the (non-)ABS of the measured cell.

From table 3-5, it can be observed that only the approach 1 in [1] (per PCI or PCI group indication approach) can configure the ideal measurement patterns for a UE. Possible simplification method can be studied. However, the simplified approaches should support different ABSF patterns across macro cells.
Proposal 5: It is proposed to adopt per PCI or PCI group indication for measurement resource restriction as the baseline approach. Further simplification could be studied with the precondition that different ABSF patterns across macro cells should be supported.
Conclusion
This contribution discusses the measurement resource restriction patterns in connected mode for eICIC, with the following proposals:

Proposal 1: All UEs (no matter currently served by the measured cell or not) should use the same measurement resource restriction to measure a given cell (no matter victim or aggressor).
Proposal 2: A UE should measure a victim cell in the ABSF selected by victim, and measure an aggressor cell in the aggressor’s non-ABSF.

Proposal 3: A UE served by the victim cell should only measure the serving cell on the ABSF selected by victim regardless of its radio condition (located in cell center/cell edge, close to/far from the aggressor cell), although the victim cell can schedule the UE experiencing less interference in all subframes.
Proposal 4: The scenario of macro cells having different ABSF patterns should be supported.

Proposal 5: It is proposed to adopt per PCI or PCI group indication for measurement resource restriction as the baseline approach. Further simplification could be studied with the precondition that different ABSF patterns across macro cells should be supported.
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