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1. Introduction
In RAN2#75, RAN2 started the discussion on inter-frequency measurement restriction when considering eICIC as required by Rel-11 WI objectives. However, inter-frequency measurement scenarios are yet to be discussed and agreed in RAN2. In this contribution, we present our views on inter-frequency measurement scenarios.

2 Discussion
2.1 Scenario
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Figure 1 Inter-frequency macro-pico and macro-femto scenarios
Inter-frequency macro-pico scenario is shown in Figure 1. MUE1 at location A is instructed to perform inter-frequency measurement on freq1. The network may configure the UE to perform the inter-frequency measurement at location A due to the potential UE off loading to pico cell at this location. Given that eICIC is used at freq 1, inter-frequency measurement on freq 1 may require the restricted measurement subframe configuration for accurate measurement. 

Another deployment scenario considered during Rel-10 eICIC is macro-femto scenario. Non-allowed CSG cell configures ABS subframes to alleviate strong interference on macro UEs in the macro-femto cell region. The main reason for the network to configure inter-frequency measurement is to find an inter-frequency cell for off loading the UE for load balancing reason. The MUE1 will indicate to the macro eNB2 the femto proximity and whether the femto is allowed or non-allowed CSG cell. Even if the MUE1 is handover to the freq 1 at the location A, the UE may experience strong interference as it moves towards the femto hence likely to experience coverage hole on freq 1. Therefore, it is not likely the MUE1in macro-femto scenario needed to be handover to freq1 at location A for load balancing. Therefore, we don’t see a strong reason why the macro-femto scenario should be considered for restricted measurement subframe configuration on inter-frequency measurements. 
Therefore, inter-frequency measurement enhancement should be designed with primary focus on macro-pico scenario. However, if the same enhancement could be applicable for macro-femto, the standard doesn’t need to prevent the use on macro-femto scenario.

Proposal 1: Inter-frequency measurement enhancement should be designed with primary focus on macro-pico scenario. 

2.2 Measurement accuracy
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Figure 2 Inter-frequency macro-pico scenarios

Figure 2 illustrates the inter-frequency RRM measurement scenario. MUE1 and MUE2 are served by Macro eNB2. MUE1 and MUE2 are instructed to measure freq1 at location A and B respectively. It is assumed that Macro eNB1 has deployed inter-cell interference coordination using ABS and Macro eNB1 uses omni-directional antenna for scheduling the UEs. It is clear that the inter-frequency measurement taken at location A on pico cell should consider restricted measurement subframe for accurate measurement. However, it was questioned during the last meeting, whether the measurements taken by MUE2 at location B on macro eNB1 would require restricted measurement configuration to archive accurate measurements. Given that macro eNB1 uses an omni-direction antenna, a RSSI by a UE at location B in macro eNB1 is different when considering ABS or non-ABS subframe. Even though RSRP value is the same on both ABS and non-ABS subframes, the RSRQ value will be different due to the differences on RSSI.  The measurements are averaged over a number of samples, however the final results hence the measurement accuracy may depend on whether the measurements are taken on ABS subframes. Therefore, RAN4 should be consulted regarding the possible impact on measurement accuracy when measuring inter-frequency macro cell without considering ABS configuration. 
Proposal 2: RAN4 should be consulted regarding the possible impact on measurement accuracy when measuring inter-frequency macro cell without considering ABS configuration.

2.3 load balancing algorithm 

In some load balancing algorithm, the MUE in macro eNB2 is required to measure macro eNB on ferq 1. If measurement inaccuracy is identified by RAN4 when measuring inter-frequency macro without considering ABS, the UE should be configured with non-ABS subframes even to measure the inter-frequency macro cell. In another load balancing algorithm, the UE may require to measure the pico cell using ABS subframes. Therefore in some scenarios, both ABS and non-ABS based measurements are required to be performed on the inter-frequency.  Considering that a sub set of ABS are normally configured as the restricted measurement pattern, the inverse of the ABS pattern is not always resulted in non-ABS subframe. Therefore, two patterns (one on ABS and another on non-ABS) may be required. On the other hand, inter-frequency measurements are performed on the configured measurements gaps. Hence the network may configure the measurement subframe pattern considering its configured measurement gaps. Even though the restricted measurement pattern is a sub set of the ABS, the network may configure the measurement subframe within the measurement gaps such that inverse of ABS to result in non-ABS subframes. This would allow a single pattern to measure both inter-frequency pico and macro where pico cells are measured with restricted subframes while macro cell is measured with inverse of configured measurement subframes.
As pointed out in [1], when measuring inter-frequency neighbouring cell on restricted measurement, it is required to have time synchronisation between different frequencies. In addition, effective measurement gap with restricted measurement is smaller than 6ms hence either performance requirement needs to be modified in RAN4 or the length of measurement gap should be modified. The measurement configuration should also allow for correct reception of SSCH and PSCH for cell identification. Therefore, inter-frequency measurement restriction on ABS requires careful investigation and potentially significant specification impact. 
To overcome the issues pointed out in [1] when measuring inter-frequency neighbouring cell considering limited ABS subframe is to handover the UE to the pico cell via macro cell on the corresponding frequency. Given that inter-frequency macro cell can be measured on non-ABS subframes ( in case RAN4 identified measurement inaccuracy as per Proposal 2) and there are large number of non-ABS subframes t be configured, the concerns pointed out in [1] are not observed when measuring inter-frequency neighbouring cell on non-ABS or without regarding ABS configuration. In the example shown in Figure 3, the MUE1 at location A can be handover to macro eNB1. Immediately after the Handover, macro eNB1 can offload the UE to pico cell. This procedure can avoid the measuring inter-frequency pico cell directly using ABS subframes. However, this requires the detection of inter-frequency pico cell or its proximity while connected to macro eNB2.  
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Figure 3: offloading of MUE1 to inter-frequency pico cell via macro eNB1
The inter-frequency pico cell detection is currently investigated under HetNet mobility enhancement SI. The same method can possibly be used for inter-frequency pico cell detection. If the MUE1 is in the proximity to an inter-frequency pico cell, the network may handover the UE to the inter-frequency macro eNB1. Upon handover to eNB1, the UE is required to report pico cell measurement based on ABS to the eNB1 (intra-frequency eICIC as in Rel-10 is applied). The eNB1 offloads the UE to pico cell based on the pico cell measurements. The UE in this example will be connected to eNB1 for a short period of time prior to handover to pico cell. The handover from eNB2 to eNB1 resulted when the pico cell is detected by the UE.  

If the UE offloading to inter-frequency pico cell via inter-frequency macro is acceptable, the direct measurement of pico cell on ABS is not required hence the concerns on the performance requirements and measurements gap could be alleviated.
Proposal 3: RAN2 is requested to discuss whether UE offloading to inter-frequency pico cell via inter-frequency macro cell is acceptable. This will avoid the need for inter-frequency pico cell measurement using ABS hence concerns on measurements gap. However this will require inter-frequency pico cell proximity detection by the UE.

3 Conclusion 
This contribution discusses the requirement for inert-frequency RRM measurement restriction in Rel-11. The following proposals are made:
Proposal 1: Inter-frequency measurement enhancement should be designed with primary focus on macro-pico scenario. 

Proposal 2: RAN4 should be consulted regarding the possible impact on measurement accuracy when measuring inter-frequency macro cell without considering ABS configuration.

Proposal 3: RAN2 is requested to discuss whether UE offloading to inter-frequency pico cell via inter-frequency macro cell is acceptable. This will avoid the need for inter-frequency pico cell measurement using ABS hence concerns on measurements gap. However this will require inter-frequency pico cell proximity detection by the UE.
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