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1. Introduction
Inter-frequency measurement restriction when considering eICIC was discussed in RAN2#73. However, due to limited time and prioritisation of work in RAN4 as indicated by LS [1], inter-frequency measurement restriction when considering eICIC was not considered in Rel-10. However, the work on inter-frequency measurement restriction is to be considered under Rel-11 non-CA eICIC WI.

Quoting from WI objectives,

· Finalizing the leftover work from Rel-10 on inter-freq/RAT TDM restricted RRM 

In this contribution, the need for inter-frequency measurement restriction for eICIC is discussed. Considering the potential deployment scenarios, the requirement for eICIC inter-frequency measurement restriction is derived.

2 Discussion
Almost blank subframes are subframes with reduced transmit power (including no transmission) on some physical channels and/or reduced activity. The transmission power control on physical channel which are transmitted on ABSs is left up to the network. Therefore, the scheduling of unicast traffic is not forbidden on ABS. The UEs close to the victim cells may see common channels are transmitted on ABSs but no unicast traffic on ABSs. For example the MUEs close to the Pico cell (in Macro-Pico scenario) should not be scheduled on ABSs. However, the Macro eNB could schedule a MUE close to the macro eNB even on ABSs as long as the transmission does not cause interference to the PUEs. From the UE point of view, the MUE close to the macro eNB may not see any difference between ABSs or non-ABSs. Therefore, RSSI measurement taken by MUEs close to the Macro eNB may not see any difference on the measurement whether it is taken on ABSs or non-ABSs. However, the MUEs close to the Pico cell may experience different RSSI results when measured on ABSs or non-ABSs.
In [2] it was shown that RSRQ measurement accuracy impact depends on the network deployment scenarios and the use of omnidirectional or directional antenna at the eNB. The analysis in [2] concluded that eICIC impacts on RSRQ measurement if ABS subframes are used in the eNB is not confined to a small region in most deployment scenarios. [2] also shown that RSRQ measurements performed by the UE without taking into account the use of ABS subframe could result in too-optimistic results depending on the UE location within the cell and also the antenna being used at the eNB. Based on the too-optimistic measurements results, UEs may be handed over to another frequency prematurely. Considering that the impact is on a significant area of the macrocell, too many premature handover consequently results in degraded system performance.

Proposal 1: The measurement resource restriction on inter-frequency RRM should be considered in Rel-11. 

Figure 1 illustrates the inter-frequency RRM measurement scenario. MUE is served by Cell1, while frequency layer CC2 is being measured by the MUE for inter-frequency RRM. It is assumed that Cell2 has deployed inter-cell interference co-ordination using ABS and Cell2 uses omnidirectional antenna for scheduling the UEs. MUE is taken inter-frequency RRM measurements at point A, B, C and D. Inter-frequency RRM measurements results taken at point A and C depends on whether the measurements has been taken on ABS or non-ABS subframes. When measurements are performed at point A on ABS subframes, RSRQ provides too-optimistic results. Measurements taken at point B and D however provides similar results regardless of whether the measurements are taken on ABS or non-ABS subframes. 
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Figure 1:

In order to perform accurate measurement, measurements at point A should be taken on non-ABS subframes. Measurements at B and D could be taken without the measurement resource restriction. Measurements at point C should be taken on ABS subframes.
In another deployment scenario, it is possible to have more than one inter-frequency macrocells overlapping on the serving macrocell coverage area, where different ABS subframes are used by different macrocells (non-common ABS). To cater for all the different deployment scenarios, multiple measurement resource restriction patterns are required for inter-frequency RRM measurements. However this complicates the signalling procedure.
Referring back to Figure 1, the measurements taken on non-ABS subframe at point A, B and D provides an accurate result. At point C if the measurements are taken on non-ABS subframes, the results is bias towards macrocell compared to picocell. Hence the UE may be handed over to macrocell (Cell2) instead of picocell. Upon the handover to macrocell, the UE could be offloaded to the picocell by the macrocell. Such a handover (handover from macrocell to picocell) does not cause poor system performance. Considering the simplicity in signalling, therefore, all the cells within the macrocell coverage area can be measured on non-ABS subframe of the macrocell without impacting the handover performance. 
Number of non-ABS subframes are typically much more than the number of ABS subframe in a practical deployment. Therefore it is possible to configure common set of non-ABS patterns for all the macrocells in one frequency layer. This means only one measurement resource restriction is sufficient for all the cells in one frequency layer even if more than one macrocell (with different ABS) is overlap on the serving macrocell coverage area. 
The non-ABS subframes measurements restriction is essentially measurements over normal subframes. With the current assumption on typical deployment scenario, there would be more measurement opportunities on non-ABS subframes than on ABS subframes. Even though the implication of reduced number of measurement opportunities on performance requirement need to be evaluated in RAN4, the impact on the performance requirement is expected to be significantly less compared to the measurements taken without considering the resource restriction. 
Inter-frequency measurement requires the UE to perform measurement on another cell in another frequency. according to Rel-8/9/10 procedure, the UE is only required to radio frame aligned to the inter-frequency cell for inter-frequency measurement. RRM measurement restriction patterns as in Rel-10, repeats every 40ms. Hence if the similar pattern signalling to be used for inter-frequency RRM measurement restriction, the UE is required to be SFN synchronised to the measuring cell. If it is possible to find a subframe pattern which repeats every 10ms, additional UE synchronisation requirement can be avoided. Considering that number of non-ABS subframes is higher than ABS subframes in a typical deployment, it is possible to configure measurement restriction based on non-ABS subframes which is repeats in every 10ms. Therefore, the UE only requires to radio frame synchronised tot eh inter-frequency cell for the RRM measurement similar as in Rel-8/9/10.

Proposal 2: Only one measurement resource restriction per frequency (based on non-ABS) should be configured for inter-frequency RRM measurement.
Proposal 3: Cell synchronisation to the measuring inter-frequency cell is same as in rel-8/9/10, ie: the UE is required to synchronise to the measuring inter-frequency cell at radio frame level.

Proposal 4: Inter-frequency RRM restricted measurement subframe configuration should repeat every 10ms.

3 Conclusion 
The need for measurement resource restriction for inter-frequency measurement depends on the RSRQ inaccuracy when measured without considering the resource restriction. This contribution discusses the requirement for inert-frequency RRM measurement restriction in Rel-11. The following observations and proposals are made:
Proposal 1: The measurement resource restriction on inter-frequency RRM should be considered in Rel-11. 

Proposal 2: Only one measurement resource restriction per frequency (based on non-ABS) should be configured for inter-frequency RRM measurement.
Proposal 3: Cell synchronisation to the measuring inter-frequency cell is same as in rel-8/9/10, ie: the UE is required to synchronise to the measuring inter-frequency cell at radio frame level.

Proposal 4: Inter-frequency RRM restricted measurement subframe configuration should repeat every 10ms.
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