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1 Introduction
“Finalizing the leftover work from Rel-10 on inter-freq/RAT TDM restricted RRM” is one of the objectives of the WI of “Further Enhanced Non CA-based ICIC for LTE” [1]. As discussed in RAN2#75, one issue to be addressed is how many restriction patterns are needed in inter-frequency measurement under TDM eICIC. 
This contribution analyses the need of restricted resources for measuring aggressor and victim cells on neighbour frequencies. It proposes to support configuration of different restriction patterns for aggressor and victim cells in inter-frequency measurement under TDM eICIC.
2 Discussion
The first question is whether restricted resources are needed for measuring victim cells and aggressor cells. Further, the second question is how many patterns are needed to support the measurement requirements. In the following sections, we will analyse these two issues in details.
2.1 Question 1: whether restricted resources are needed for measuring victim and aggressor cells
2.1.1 Victim cell measurement
When a victim cell is severely interfered by aggressor cells, it would be difficult for UE to obtain accurate measurement of the victim cell, in resources other than ABS of the aggressor cells. This is especially true with RSRQ measurements, which are instrumental to inter-frequency handover decisions. Hence, without configuring UE with restricted resources for measurements, there would not be sufficient measurement of victim cell, and the ability to hand UE over to a victim cell is hampered. This would cause problems in both macro-femto and macro-pico deployment. For macro-femto scenario, a call can be dropped, if inter-frequency handover is needed and the aggressor cell is a non-allowed CSG cell to the UE. Things may not be as bad in macro-pico scenario, if radio coverage is the only concern, as the measurement results would possibly still allow network to hand the UE over to a macro cell on the neighbour frequency. However, this makes it difficult to offload UE to a small cell on another frequency layer for best user experience, if the serving cell can not have UE report the accurate measurement results of the pico cell.
Observation 1: It is desirable that measurement of a victim cell of neighbour frequency can be restricted in aggressor cells’ ABS resources.
2.1.2 Aggressor cell measurement
It is also to the benefit of network to make sure UE is able to measure an aggressor cell without too much bias. There have been discussions on the impact of measurement restriction resource on RSRQ measurement accuracy in previous meetings. In particular, concerns have been raised that not excluding its own ABSs in inter-frequency measurement of an aggressor cell, its RSRQ may be overestimated by more than 7 dB [2]. Unlike in intra-frequency case, RSRQ is a major performance quantity network relies on for handover decision. Optimistic measurement results may get UEs handed over to neighbour frequency too early. This would result in overloading the neighbour cell, and increase the possibility of radio link failure after UE switches to the neighbour frequency. Therefore, it is preferred to restrict measurement of aggressor cell in the subset of its non-ABS resources.
Observation 2: It is also desirable that measurement of an aggressor cell of neighbour frequency can be restricted in its non-ABS resources.

2.2 Question 2: How many patterns are needed to support the measurement requirement?
2.2.1
Possible signalling approaches

 For aggressor cell and victim cell measurements, restricted resources can be signalled to UE based on aggressor cells’ ABS or non-ABS as summarised in the following table.
Table 1, RRC signalling approaches for restriction patterns
	Approaches
	victim cell measurement
	aggressor cell measurement
	Pro
	Con

	1) 
	Only one pattern of non-ABS subset
	no restriction
	non-ABS subset
	backward compatible with R10
	offloading to small cell is not supported

	2) 
	Only one pattern of ABS subset
	ABS subset
	no restriction
	backward compatible with R10
	measurement results of macro cells are biased

	3) 
	Only one pattern of ABS subset
	ABS subset
	complement subset of the restriction pattern
	Minimum RRC signalling change
	Restriction pattern has to be the full ABS subset for accurate RSRQ measurement of macro cells, which is not consistent with X2 definition of measurement subset.

	4) 
	Only one pattern of non-ABS subset
	complement subset of the restriction pattern
	Non-ABS subset
	Minimum RRC signalling change
	Restriction pattern has to be the full non-ABS subset for accurate RSRQ measurement of pico cells, which requires complete synchronization of ABS pattern of macro cells in an eICIC area

	5) 
	Two restricted measurement patterns
	ABS subset
	non-ABS subset
	The problem of  RSRQ measurement accuracy can be fully resolved for both aggressor and victim cells.
	Enhancement to RRC signalling is needed 


As discussed in the previous subsections, approaches 1 and 2 can not fully support HetNet deployment, especially when offloading to small cell on neighbour frequency is required.
Approaches 3 and 4 are not consistent with X2 capabilities of exchanging ABS related information. Approach 3 applies on victim cell a restriction pattern, which constitutes of aggressor cells’ ABS subset, and applies on aggressor cell the complement subset of the restriction pattern. For UE to obtain unbiased RSRQ measurement of aggressor cells in approach 3, the complement subset of the signalled restriction pattern should only contain non-ABS, which means the restriction pattern should contain all ABS. This is not consistent with the definition of Measurement Subset in X2 ABS Information IE exchanged between eNBs to support time domain eICIC, where Measurement Subset “indicates a subset of the ABS Pattern Info …” [3].
Approach 4 applies on aggressor cells a restriction pattern, which constitutes of their own non-ABS subset, and applies on victim cells the complement subset of the restriction pattern. For UE to accurately measure both victim cells and aggressor cells, the signalled restriction pattern should only contain non-ABS of aggressor cells, and the complement subset of the restriction pattern should only contain ABS. This means the ABS (and non-ABS) of all aggressor cells are fully aligned for those hotspot pico cells, when they are deployed in the borders of multiple macro cells, This is a very strong synchronization requirement on network, and current X2 signalling does not support this functionality.
Approach 5 allows UE to be configured with separate restriction patterns for both aggressor cells and victim cells. As analysed in the following subsection, it only requires a straightforward extension of R10 signalling.
2.2.2 Standards impact
Tough only one measurement subframe pattern can be configured per frequency in R10, it is of minimal change to extend RRC signalling to support different restriction patterns for aggressor and victim cells, as illustrated in the following ASN.1 format [4]:
MeasObjectEUTRA ::=




SEQUENCE {


carrierFreq






ARFCN-ValueEUTRA,


allowedMeasBandwidth



AllowedMeasBandwidth,


presenceAntennaPort1



PresenceAntennaPort1,


neighCellConfig





NeighCellConfig,


offsetFreq






Q-OffsetRange



DEFAULT dB0,


-- Cell list


cellsToRemoveList




CellIndexList



OPTIONAL,

-- Need ON


cellsToAddModList




CellsToAddModList


OPTIONAL,

-- Need ON


-- Black list


blackCellsToRemoveList
 


CellIndexList



OPTIONAL,

-- Need ON


blackCellsToAddModList



BlackCellsToAddModList

OPTIONAL,

-- Need ON


cellForWhichToReportCGI



PhysCellId




OPTIONAL,

-- Need ON


...,


[[measCycleSCell-r10



MeasCycleSCell-r10

OPTIONAL,

-- Need ON



measSubframePatternConfigNeigh-r10
MeasSubframePatternConfigNeigh-r10
OPTIONAL,






-- Need ON


measSubframePatternConfigNeigh-r11
MeasSubframePatternConfigNeigh-r10
OPTIONAL






-- Need ON

]]

}

We therefore propose to adopt the approach 5, as it can satisfy inter-frequency measurement requirements of HetNet for both coverage and capacity (small cell offloading) enhancement, with reasonable complexity and flexibility.
Proposal: It is proposed to support configuration of two measurement subframe patterns per frequency for restricted inter-frequency measurements.
3 Conclusion
In this contribution, we analyse the measurement of aggressor and victim cells on neighbour frequencies with the following observations:

Observation 1: It is desirable that measurement of a victim cell of neighbour frequency can be restricted in aggressor cells’ ABS resources.
Observation 2: It is also desirable that measurement of an aggressor cell of neighbour frequency can be restricted in its non-ABS resources.
It further discusses how many restriction patterns are needed to support the measurement requirements and the impact of different approaches on network signalling. Based on the analysis of complexity and flexibility, it therefore proposes to support configuration of different restriction patterns for aggressor and victim cells for accurate measurement results.
Proposal: It is proposed to support configuration of two measurement subframe patterns per frequency for restricted inter-frequency measurements.
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