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1
Introduction
In this paper we provide our views and a set of proposals for inter-frequency RRM measurements when eICIC is deployed in the network for co-channel interference problems and analyze the impacts to signaling and whether measurement resource restrictions are necessary for such measurements.
2
Background
Release 10 saw the introduction of a new feature called enhanced intercell interference coordination (eICIC) which is a time domain ICIC coordination technique. It allows minimizing interference between cells by coordinating the transmissions in time domain in the two cells. One of the cells is the aggressor or the interference source and the other is the victim or interfered cell. In TDM eICIC the aggressor almost blanks some of the subframes to minimize the interference on the victim cell. E-UTRAN signals the measurement resource restriction patterns to the UE which are basically a set of almost blank subframes (ABS) that tells the UE when it can perform RRM measurements to avoid interference from the aggressors. For this time domain technique strict time alignment in the radio transmissions in the two cells is necessary. In Rel-10 such RRM measurements using measurement resource restriction patterns is possible only for intra-frequency cells. More details can be found in ‎[1] and ‎[2].
In the last plenary meeting RAN#53 prioritization of Rel-11 work items and study items was done. The Rel-11 work item “Further Enhanced Non CA-based ICIC for LTE” is one of the high priority work item. One of the objectives in the core part of the work item is the following which has signaling impacts for RAN2 to address:

· Finalizing the leftover work from Rel-10 on inter-freq/RAT TDM restricted RRM
In section 3 we further analyze the need for inter-frequency RRM measurements using measurement resource restrictions.
3
Discussion
3.1
Scenarios for inter-frequency measurements with eICIC
In RAN2#75 several papers ‎[4]

 REF _Ref305084693 \r \h 
‎[5]

 REF _Ref304980225 \r \h 
‎[6]

 REF _Ref305084697 \r \h 
‎[7]

 REF _Ref304980229 \r \h 
‎[8] addressed the scenarios to be considered for inter-frequency measurements when eICIC is deployed. Some of them proposed to adopt the same scenarios as was adopted for Rel-10 eICIC while others analyzed additional new scenarios like carrier aggregation, macro-pico-femto etc.. It is to be noted that the work on inter-frequency aspects of eICIC was postponed to Rel-11 mainly due to time and work load constraints in Rel-10 otherwise of which the inter-frequency eICIC efforts would have focussed on the agreed Rel-10 scenarios of macro-pico and macro-femto scenarios.  The Rel-11 work item ‎[3] objective also states that the Rel-11 inter-frequency eICIC work is “left-over work from Rel-10”. If additional new scenarios are to be considered for inter-frequency measurements with eICIC it is better that RAN2 waits for some progress in RAN1 which as part of this Rel-11 eICIC work item is chartered to analyze additional new scenarios for which performance requirements have to be specified.
Proposal 1: It is proposed that RAN2 uses the macro-pico and macro-femto scenarios for Rel-11 also to analyze the impact of inter-frequency measurements when eICIC is deployed.
3.2
Impact of measurement location on inter-frequency measurements with eICIC

Rel-10 eICIC is applicable for co-channel scenarios where interference is possible amongst different cells in the same frequency layer. Even if eICIC is used on multiple frequency layers it only applies to cells deployed in the same carrier frequency within a frequency layer. So for inter-frequency measurement on a target carrier frequency you only need to consider the impact of transmission of ABS in the target frequency layer (by macro eNBs in the macro-pico scenario or femto eNBs in the macro-femto scenario) on RSRQ measurements while the UE is served by a different frequency layer. This is because it has already been shown that measurement of target carrier RSRQ during ABS in the target frequency layer will provide optimistic RSRQ results than a true RSRQ result. So UE location in the serving frequency layer relative to the location of pico or femto cells in the target frequency layer does not really matter. For further discussion we borrow the following figures from ‎[6].
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Figure 1 Macro-Pico scenario and inter-frequency measurements
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Figure 2 Macro-Femto scenario and inter-frequency measurements

In Figure 1 and Figure 2 the UEs in the serving frequency layer could have employed the usual inter-frequency measurement but due to the impact of ABS on accuracy of RSRQ these UEs must perform inter-frequency measurement when ABS is not applied in the target frequency layer. One simple way is to signal the UE information about the times when the target frequency layer is not applying ABS so UE can perform inter-frequency measurement on the target carrier and report the best cell in that carrier frequency. One should be able to determine depending on whether the deployment scenario is macro-pico or macro-femto the set of common subframes where ABS is not applied in the target frequency layer.
In Figure 1 for the macro-pico scenario when UE is performing inter-frequency measurement from point B when ABS is not applied in the target frequency layer depending on the measured RSRQ value the UE could offload either to the pico or the macro on the target frequency layer. If the UE happens to move to the macro on carrier 1 first and then due to macro ABS gets offloaded to pico on carrier 1 it still is not a serious shortcoming. However, a smart eNB load balancing implementation could still consider offloading to pico on carrier 1 when both the macro and pico on carrier 1 are reported by the UE and even if the macro happens to be better quality cell.
In Figure 2 for the macro-femto scenario, when UE performs inter-frequency measurement from point E when ABS is not applied in the target frequency layer depending on the measured RSRQ value the UE could offload either to the macro or the HeNB on the target frequency layer but since a femto cell could be a non-allowed CSG cell for this UE it simpler to always offload the UE in this case to the macro cell in the target frequency layer and let the eICIC use in target frequency layer dictate the offloading to femto.
Proposal 2: If eICIC is deployed on a certain carrier frequency layer and there are other neighbor frequency layers deployed also, then one set of subframes where ABS is not applied in the eICIC frequency layer shall be indicated to the eNodeBs in the neighbor frequency layers.

3.3
Measurement gaps for inter-frequency measurements with eICIC

Inter-frequency measurements can be performed with or without measurement gaps depending on the UE capability and network deployment (CA case). When measurement gaps are required for UE inter-frequency measurements the measurement gap pattern configuration is provided to the UE by the network. As many papers in RAN2#75 pointed out if measurement gaps are used the network must ensure that the measurement gap pattern and the pattern of ABS or non-ABS are aligned well for the UE to be able to perform inter-frequency measurements. As also pointed out by some papers in RAN2#75 it is difficult to ensure this alignment for some TDD configurations since the currently specified measurement gap pattern and ABS patterns for some TDD configurations will not be in alignment by design. However if the set of subframes where ABS is not applied is used as the design for inter-frequency measurements this problem with measurement gap pattern and ABS pattern alignment goes away.
Observation 1: If proposal 2 is adopted then there is no issue to solve for the alignment of measurement gap patterns and ABS patterns for inter-frequency measurements when eICIC is also deployed in the network.

3.4
Timing requirement for inter-frequency measurements on target carrier with eICIC deployment
The Rel-10 eICIC requires strict time alignment at subframe level between the macro and pico cells or between the macro and femto cells for use of ABS to minimize interference from aggressor on the victim cell (i.e. subframe boundaries in the cells need to be aligned). As we point out in section 3.2 that for inter-frequency measurements on target carrier frequency that uses eICIC one set/pattern of subframes where ABS is not applied in the target carrier frequency need to be indicated to the UE in the serving frequency the UE can only utilize these subframes for measurement only when there is subframe alignment in the radio transmissions on the two frequency layers.

Proposal 3: It is proposed that subframe level alignment in radio transmissions on different frequencies is ensured when the target frequencies involved in the inter-frequency measurement utilize eICIC or applies ABS.
4
Conclusion
In this paper we analyzed the impact of inter-frequency RRM measurements when done in an eICIC environment and propose the scenarios to be followed and identify the signaling and radio timing impacts. As a summary the following are being proposed in this paper:

Proposal 1: It is proposed that RAN2 uses the macro-pico and macro-femto scenarios for Rel-11 also to analyze the impact of inter-frequency measurements when eICIC is deployed.

Proposal 2: If eICIC is deployed on a certain carrier frequency layer and there are other neighbor frequency layers deployed also, then one set of subframes where ABS is not applied in the eICIC frequency layer shall be indicated to the eNodeBs in the neighbor frequency layers.
Proposal 3: It is proposed that subframe level alignment in radio transmissions on different frequencies is ensured when the target frequencies involved in the inter-frequency measurement utilize eICIC or applies ABS.
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