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1. Introduction

In RAN2 #72 email discussion, the importance of applying restriction on inter-frequency measurement under TDM eICIC‎[7] was discussed. Some companies prefer not to address this issue and only focus on intra-frequency measurement in Rel-10; and a few other companies expressed concerns on potential issues if no restriction is applied on inter-frequency measurement. This paper is to study the impact from inter-frequency measurement under eICIC, for RAN2 to further discuss whether it should be kept in Rel-10.
First, some progress on the intra-frequency measurement so far. Table-1 summarizes the restriction pattern (assuming intra-frequency only) that most companies seem to agree with during the email discussion. Majority of the companies have preferred to only maintain one pattern (type-2 pattern) for RRM measurement, which means depending on the UE condition/location, serving eNB will configure one restriction pattern on a selected set of cells (possibly listed in their PCIs). 
Table 1 Measurement restriction under different scenarios
	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) PUE
	Subset of Macro’s ABS
a) in section 2.1
	No resource restriction
	Subset of Macro’s ABS (*1)
	No resource restriction

	Case 2) MUE out of femto’s coverage (free from femto’s interference)
	No resource restriction needed
	No resource restriction
	Subset of Macro’s ABS
b) in section 2.1 
	No resource restriction

	Case 3) MUE in femto’s coverage (Subject to interference from femto) 
	Subset of Femto’s ABS
c) in section 2.1
	Subset of Femto’s ABS (*2)
	Subset of Femto’s ABS (*3)
	No resource restriction


2. Inter-frequency measurement scenarios in eICIC 
The assumption is for Rel-10, operator will quite likely have multiple carriers for deployment. We first study whether inter-frequency measurement without restriction may cause issues. In particular, we assume on the measurement object frequency/carrier, aggressor cells are using eICIC TDM solution such as Almost Blank Sub-frame (ABSF), and UE is currently being served in another frequency/carrier, which may or may not configured with ABSF unless specified.

2.1 Macro-Femto case
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Figure 1 Inter-freq measurement in eICIC Macro-Femto case
In Macro-Femto case as shown in Figure 1, without any measurement restriction, the measurement result of macro-cell is likely pessimistic when there are femto cell nearby. This limits the possibility of handover UE from serving frequency to the macro cell on the measured frequency, which usually is not a major concern unless load balancing across frequencies is really needed.
It is to note that some deployment scenarios (similar to that of CA scenario-3), the measured frequency is used to provide seamless coverage for mobility. In such case, some limitation on deployment may be seen so that Femto should not be deployed in certain areas to cause problems in inter-frequency handover, as shown in Figure 2, which hopefully can be worked around with careful planning in deployment.
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Figure 2 Coverage issue in some deployment scenarios
Observation: If no restriction is applied on inter-frequency measurement, certain mobility and deployment cases are not allowed in Macro-Femto case, which do not seem to be essential for Rel-10.
2.1 Macro-Pico case

The Macro-Pico case is quite different from Macro-Femto case. For a UE on serving frequency CC1, it measures both macro cell and pico cells on CC2 for potential handover, so that network can achieve good load balancing.
In Figure 3, for MUE, when it measures macro cells on CC2 without restriction, it measures both ABSF and non-ABSF of the macro cell. Since it is likely all neighbor macro cells on CC2 are sharing some subset of ABSF pattern in which no data are transmitted from theese macro cells, the RSRQ measurement will be over optimistic, i.e., much better than the serving CC1 (during email discussion, 8dB difference could be possible as mentioned by some companies for which we tend to agree with). It is likely the MUE will handover to macro cells on CC2 based on optimistic RSRQ inter-frequency measurement. 
When the MUE measures pico cell in its CRE range, without measurement restriction, the pico cell measurement will likely be poor and not suitable for handover. To do load balancing to pico, the MUE must first handover to macro cells on CC2 and then based on intra-frequency measurement configuration with proper restriction, to later handover into the pico on CC2.
Therefore, overall the macro cells on CC2 is likely to be crowded, and load balancing between CC1 and CC2 is a bit difficult to be controlled. Even worse, note that macro cells on CC2 are not using 100% of their radio resources due to ABSF. This is quite undesirable since Macro-Pico eICIC case is introduced to achieve good (intra-frequency) load balancing, but now unfortunately it incurs issues when the deployment has multiple carriers.
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Figure 3 Inter-freq measurement in eICIC Macro-Pico case
The problem may be mitigated if CC1 is also using eICIC. However recall currently the agreement is likely to only have one restriction pattern on serving frequency and measurement of serving macro has no restriction, which does not quite solve the problem. Even if we apply restriction to serving macro cell, without proper measurement restriction for inter-frequency case, it is possible that while being served on CC1, UE measures CC2 to be much better and handover to CC2; and later while being served on CC2, UE measures CC1 to be much better and handover back to CC1. Such handover ping pong may be difficult to control without inter-frequency measurement restriction. Unnecessary handovers are still very likely due to inaccurate RSRQ. 
Observation: If no restriction is applied on inter-frequency measurement, load balancing and inter-frequency handover may be difficult to control in macro-pico case.
2.3 CA case

Inter-frequency measurement is also critical for proper CA operation. While we do not really expect CA-capable Femto cells soon, CA-capable pico cells are possible. Ideally all trigger events ‎[9], if necessary, should be coupled with proper restriction. For example in Figure 4, an inter-frequency measurement may trigger A3 for PCell change or may trigger A4 for adding a new SCell. Otherwise, pico CRE range can not be used as secondary carrier, congestion issue may happen on certain CCs, and unnecessary PCell change across different CCs may happen.
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Figure 4 some measurement trigger events in Rel-10

Observation: Proper CA operation may require inter-frequency measurement restriction if ABSF is used on any usable carrier.
3. Extra complexity of having inter-freq measurement restriction 
It is sensible to limit restriction pattern the UE shall apply to reduce complexity. However, considering the example of Macro-Pico case, there may be multiple patterns that are needed as shown in Figure 5, where pattern-1 is to achieve mobility to Pico (with CRE) and pattern-2 is to achieve accurate macro RSRQ measurement and cross-frequency load balancing. If we choose to limit the number of patterns to one, for example, we could only do restriction based on pattern-2. Subsequent handover into pico CRE range can be achieve via intra-frequency handover for a UE that is already on that frequency; but a UE can not directly do inter-frequency handover to enter pico CRE. This limitation seems to be acceptable for Rel-10.
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Figure 5  Different patterns are needed for different purpose
We further study the extra work in ASN.1 introduced by applying restriction on inter-frequency measurement, assuming we would have at most one restriction pattern per frequency. A possible way is to introduce the restriction structure under MeasObjectETRA as shown in the Appendix. This is basically the same ASN.1 change as the proposal in ‎[8]. As it can be seen, carrier frequency is already bind to the restriction, and having restriction on inter-frequency measurement hardly adds any additional RRC complexity compared to only having restriction on intra-frequency measurement. Therefore from RAN2 perspective, the extra complexity of handling restriction on inter-frequency measurement seems manageable.
On the other hand, most complexity seems to come from RAN4 side. RAN4 needs to study the requirement for inter-frequency measurement with restriction, possible define new gap patterns and design new test cases. So far RAN4 study is not conclusive and we think RAN2 may need to consult RAN4 on this.
Observation: Covering inter-frequency measurement in Rel-10 eICIC seems not to introduce too much additional work from RAN2 perspective, but may require extra study in RAN4.
4. Conclusions
Proposal 1: RAN2 should further discuss the issues caused by inaccurate inter-frequency RSRQ when TDM eICIC are used, and decide whether these are essential to solve in Rel-10.
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Appendix

Sample ASN.1 change to TS 36.331 on RRM measurement restriction.

Change#1
–
MeasObjectEUTRA
The IE MeasObjectEUTRA specifies information applicable for intra-frequency or inter-frequency E‑UTRA neighbouring cells.

MeasObjectEUTRA information element
-- ASN1START

MeasObjectEUTRA ::=




SEQUENCE {


carrierFreq






ARFCN-ValueEUTRA,


allowedMeasBandwidth



AllowedMeasBandwidth,


presenceAntennaPort1



PresenceAntennaPort1,


neighCellConfig





NeighCellConfig,


offsetFreq






Q-OffsetRange



DEFAULT dB0,


-- Neighbour 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


...,


[[measRestriction-r10



MeasRestriction-r10


OPTIONAL

--Need ON]]

}

CellsToAddModList ::=



SEQUENCE (SIZE (1..maxCellMeas)) OF CellsToAddMod

CellsToAddMod ::=
SEQUENCE {


cellIndex






INTEGER (1..maxCellMeas),


physCellId






PhysCellId,


cellIndividualOffset



Q-OffsetRange

}

BlackCellsToAddModList ::=


SEQUENCE (SIZE (1..maxCellMeas)) OF BlackCellsToAddMod

BlackCellsToAddMod ::=
SEQUENCE {


cellIndex






INTEGER (1..maxCellMeas),


physCellIdRange





PhysCellIdRange

}

MeasRestriction-r10 ::= SEQUENCE {


restrictionPattern




BITSTRING (SIZE (40)),


physCellIdList





SEQUENCY (SIZE (1..TBD)) OF


PhysCellIdRange
OPTIONAL
-- Need ON
}

-- ASN1STOP
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