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Discussion and Decision 
1 Introduction 
Work on eICIC enhancements for inter-frequency was de-prioritized in Rel 10.0 [1] due to time limitation. During RAN#53 plenary, the scope of the WI “Further Enhanced Non-CA Based ICIC for LTE" was approved for Rel 11.0 with the restriction that only objectives under first priority be handled in RAN WG’s and objectives under second priority are suspended until RAN#55 [2]. Out of the many other objectives, the WI proposes following objectives under first priority:-
	· Finalizing the leftover work from Rel-10 on inter-freq/RAT TDM restricted RRM 

· Based on system performance gains, RAN1 to first identify the scenarios for which UE performance requirements in the following two bullets will be specified  in terms of, e.g., number of interferers and their relative levels with respect to the serving cell,

· UE performance requirements and possible air-interface changes / eNB signalling to enable significantly improved detection of PCI and system information (MIB/SIB-1/Paging) in the presence of dominant interferers for FDD and TDD systems, and different network configurations (e.g., subframe offset / no-subframe offset), depending on UE receiver implementations - (RAN1, RAN4, RAN2)

· UE performance requirements and necessary signalling to the UE for significantly improved DL control and data detection and UE measurement/reporting in the presence of dominant interferers (including colliding and non-colliding RS, as well as, MBSFN used as ABS, as well as, ABS subframe configurations) for FDD and TDD systems depending on UE receiver implementations. Improved detection based on air interface enhancements to be considered - (RAN1, RAN4, RAN2)

· Dominant interference applicable to both macro-pico and CSG scenarios and  with or without handover biasing


In RAN2 for Rel 11.0, the first objective “Finalizing the leftover work from Rel-10 on inter-freq/RAT TDM restricted RRM” is related to continue the specification work initiated in Rel-10 to further enhance ICIC for inter-frequency in non Carrier aggregation scenario. 
In Rel 10.0 RAN2 agreed to limit the use of TDM ICIC mechanism only to the frequency of PCell in Carrier Aggregation setting [1]. In our understanding support for eICIC on Scells falls under second priority objectives in WI [2] and specification work to further enhance ICIC for inter-frequency in Carrier aggregation scenario remains suspended until RAN#55.
In this contribution we discuss the issues related to inter-frequency eICIC enhancements for Rel 11.0 in non Carrier aggregation scenario.
2 Inter-Frequency eICIC Enhancements
Several contributions on inter-frequency enhancements in a heterogeneous network were discussed in RAN2 in Rel-10.0 for the non carrier aggregation scenario [3], [4]. Assume multiple carrier deployment with frequency (f1) and frequency (f2) such that HETNET (macro-pico scenario) is deployed on frequency (f2) as shown in Figure 1. The TDM ICIC mechanism based on ABS concept is employed on frequency (f2). Assume currently the UE is served by frequency (f1) and the handover trigger towards inter-frequency measurement on frequency (f2) is based on RSRQ. If the UE performs unrestricted measurement of macro cell on frequency (f2), then due to RSRQ inaccuracy the macro cell RSRQ would become optimistic resulting in early handover towards macro cell. This could potentially have load balancing issues as argued in [3], [4]. As discussed in [5] we should re-visit the concern on RSRQ accuracy in the inter-frequency context with RAN4. If the concern seems reasonable then the UE would be required to be configured with measurement resource restrictions for inter-frequency RRM. 
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Figure 1 Inter-frequency RRM Scenario.
In this context, it is reasonable to consider configuration of only neighbor cell measurement (RRM) pattern per frequency for inter-frequency neighbor cells. This should be easy to achieve since ASN.1 already supports this through MeasSubframePatternConfigNeigh in the MeasObjectEUTRA. Nevertheless, we will need to update some procedure text.
Proposal#1: Consider one inter-frequency neighbor cell measurement restriction pattern based on non ABS subframes as baseline. 

3 Issues with Inter-Frequency eICIC Enhancements

In Rel 10.0 we have only one neighbor cell measurement pattern for intra-frequency RRM. When the UE receives the neighbor measurement pattern along with PCI list UE applies measurement restrictions to those cells who’s PCI belong to the PCI list. UE does not apply measurement restrictions for cells whose PCI does not belong to the PCI list.  When PCI list is not signaled UE applies measurement restrictions to all neighbor cells (Rel 10 behavior). When the UE is served on frequency (f1) and it has to measure the non serving frequency (f2):

1) It is reasonable to measure neighbor macro cells on frequency (f2) on non ABS from RSRQ measurement accuracy point of view. 

2) Furthermore, to measure the pico cells on frequency (f2), it is reasonable to measure them on ABS to facilitate offloading the UE to pico cell if the UE is in vicinity of pico CRE region. 

There are two issues involved with inter-frequency measurement resource restrictions:
A. Number of neighbor cell patterns per frequency for inter-frequency RRM.

B. Synchronization requirements for restricted inter-frequency measurements. 
3.1 Number of neighbour cell patterns

UE in the vicinity of pico CRE region will be first handed over from serving macro on frequency (f1) to neighbor macro on frequency (f2) using inter-frequency neighbor cell restriction pattern based on non ABS subframe measurements. Subsequently, using the intra-frequency neighbor cell measurement restriction configured by serving macro, UE will undergo a second handover towards the pico cell. Therefore, the UE in vicinity of pico CRE region would experience an extra handover when only one inter-frequency neighbor cell pattern per frequency is supported. 

Proposal#2: RAN2 to discuss if early handover from serving frequency to neighbor pico cell on non serving frequency employing Hetnet is desired when UE is in vicinity of pico CRE region.

Proposal#3:  If RAN2 agrees for handover to neighbor pico cell for inter-frequency RRM then the signaling options to achieve this is FFS.
3.2 Synchronisation requirements for restricted inter-frequency measurements
In Rel 10.0 subframe utilization in time is coordinated among cells involved in TDM ICIC either through backhaul signaling or OAM configuration [6], [7]. This means backhaul coordination to enable TDM ICIC is supported on frequency (f2) between macro cell and pico cell (refer Figure 1). According to [8], it is possible for eNBs involved in TDM ICIC to be time synchronized. Hence for intra-frequency RRM, the pico cell configures the intra-frequency restricted measurement deriving measurement patterns taking the ABS information exchanged between the macro cell and pico cell on X2. However, even though X2 interface may exist between macro on frequency (f1) and macro on frequency (f2), backhaul signaling need to be extended so that serving macro on frequency (f1) could configure the UE with measurement restrictions for inter-frequency RRM taking the relevant offset (if it exists) into account as shown in Figure 2. Therefore, subframe alignment of f1 and f2 is the minimum requirement for inter-frequency RRM. 
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Figure 2 Subframe aligned intra frequency cells for ABS coordination.
Proposal#4: Support of subframe alignment is the minimum requirement for inter-frequency RRM. 

Our view is that network should support minimum requirement of subframe alignment for inter-frequency RRM such that there is no additional complexity on the UE side for synchronisation to support inter-frequency measurements. We also prefer minimum changes to existing RRC signaling to support inter-frequency RRM.

4 Proposals
Based on above discussion:
Proposal#1: Consider one inter-frequency neighbor cell measurement restriction pattern based on non ABS subframes as baseline. 

Proposal#2: RAN2 to discuss if early handover from serving frequency to neighbor pico cell on non serving frequency employing Hetnet is desired when UE is in vicinity of pico CRE region.

Proposal#3:  If RAN2 agrees for handover to neighbor pico cell for inter-frequency RRM then the signaling options to achieve this is FFS.

Proposal#4: Support of subframe alignment is the minimum requirement for inter-frequency RRM. 
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