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1. Introduction

There were several contributions that investigated a new interference measurement mechanism [1 - 9]. In this contribution, we investigate the possibility of enhancing the current interference measurement mechanism for Rel. 11.
2. Concerns Regarding Current Interference Measurement
Considering Rel. 11 CoMP operation, there are several concerns regarding the current interference measurement mechanisms as indicated below [1 - 9].

(1) Scenario 4 (Network with low power RRHs within the macrocell coverage area where the transmission/reception points created by the RRHs have the same cell IDs as the macrocell Single cell ID scenario)

· If the CRS is transmitted from all transmission points (TPs) within a cell, only the UE can estimate the interference outside the cell by utilizing only the CRS based interference measurement, while signals transmitted within the cell may cause interference.
(2) Difficulty in estimating interference outside the CoMP measurement set for some CoMP schemes, e.g., JT-CoMP
(3) Difference between the CRS and CSI-RS based interference estimation due to the configuration of the zero-power CSI-RS

(4) Low channel estimation accuracy considering low geometry regions of CoMP operation

(5) Small reuse factors for CRS especially considering HetNet scenarios

Irrespective of the CoMP operation, there are also scenarios and conditions as indicated below in which it is possible to introduce a new interference measurement mechanism.
(6) MBSFN subframe

(7) ABS

(8) Additional carrier type

We believe that an enhanced interference measurement mechanism should be taken into account at least considering CRS-less scenarios irrespective of CoMP operations, such as for an additional carrier type which is under discussion for Rel. 11 CA. Therefore, we focus on possibly enhancing the current interference measurement mechanism considering not only CoMP operations but also CRS-less scenarios in the following discussions.

Proposal 1: Enhanced interference measurement mechanism should be taken into account not only CoMP operations but also CRS-less scenarios such as for an additional carrier type.
3. Requirements for Enhanced Interference Measurement
Before discussing an enhanced interference measurement mechanism for Rel. 11, we need to define the requirements. Based on the observations in Section 2, we investigate the requirements for enhanced interference measurement in Rel. 11 from the viewpoints of the target scenario and performance.

· Target scenario

The following target scenarios and conditions should be taken into account considering not only CoMP operations but also CRS-less scenarios. As for these target scenarios, we believe that we should strive to specify a single interference measurement mechanism (while allowing multiple implementation solutions) for all possible scenarios in Rel. 11.

· CoMP Scenarios (considering a common feedback/signaling framework suitable for scenarios 1-4 that can support CoMP JT, DPS, and CS/CB)
· MBSFN subframe

· ABS

· Additional carrier type

· Advanced receiver

· Rel. 11 MIMO

· Performance

From a performance perspective, we should consider the following points in the performance evaluation.
· Optimization for low SNR conditions considering CoMP operating regions

· Comparison to the current interference estimation mechanism

· Evaluation of both overhead and interference measurement accuracy

· Evaluation of legacy UE (Rel. 8/9/10) impact

Proposal 2: We should strive to specify a single interference measurement mechanism (while allowing multiple implementation solutions) for all possible scenarios in Rel. 11.

Proposal 3: From a performance perspective, we should consider the following points in the performance evaluation.
· Optimization for low SNR conditions considering CoMP operating regions

· Comparison to current interference estimation mechanism
· Evaluation of both overhead and interference measurement accuracy

· Evaluation of legacy UE (Rel. 8/9/10) impact
4. Enhanced Interference Measurement Mechanisms

Considering the observations and requirements described in Sections 2 and 3, we investigate possible enhancement of the current interference measurement mechanism in this section. Considering CRS-less scenarios and CoMP operations, the following candidates can be considered as an enhanced interference measurement mechanism in Rel. 11.

· Alt. 1: CSI-RS based interference measurement with increased CSI-RS density
· Considering the current sparse CSI-RS density, increase in the CSI-RS density would be needed for this alternative in order to achieve accurate interference measurement.
· Alt. 2: Interference measurement-specific CSI-RS
· Serving point(s) (and/or coordinating point(s)) sets CSI-RS as an interference measurement region
· Alt. 3: Zero-power CSI-RS based interference measurement (PDSCH hole)
· Serving point(s) (and coordinating point(s)) mutes a set of REs and sets those REs as an interference measurement region
· Alt. 4: Zero-power CSI-RS (or CSI-RS) hopping among multiple TPs
· Serving point(s) (and coordinating point(s)) mutes a set of time/frequency hopping REs (or set CSI-RS) and sets those REs as an interference measurement region
· Alt. 5: Combination of new (Alt. 1 or 2 or 3 or 4) and current mechanism, e.g., CRS based
· Utilizing different interference measurements between the CRS and CSI-RS
Figure 1 shows an example of each alternative. For Alt. 1, a UE estimates the interference based on the CSI-RS with increased CSI-RS density. The increased CSI-RS density also yields higher received signal power and therefore higher estimation accuracy for the CSI. For Rel. 10 UEs, by configuring a zero-power CSI-RS for increased CSI-RS RE regions, degradation in the Rel. 10 UE PDSCH demodulation could be avoided without additional specification. However, an increased number of CSI-RSs yields a large overhead and the reuse factor for interference measurement REs would be limited. For Alt. 2, the serving point(s) (and/or coordinating point(s)) sets the CSI-RS as an interference measurement region, and the UE estimates the interference based on interference measurement-specific CSI-RS. In this alternative, interference measurement REs can be frequency-shifted among multiple TPs, and if we need a larger number of reuse factors, different scrambling sequences among multiple TPs can be applied to achieve large reuse factors. Then, compared to Alt. 1, a larger reuse factor and smaller overhead could be achieved due to flexible assignment of interference measurement REs. For Alt. 3, the serving point(s) (and/or coordinating point(s)) sets the zero-power CSI-RS as an interference measurement region, and the UE estimates the interference based on the zero-power CSI-RS [1]. In this alternative, only frequency-shifted interference measurement REs can be applied among multiple TPs, so the reuse factors would be the same as Alt. 1. For Alt. 4, the serving point(s) (and/or coordinating point(s)) sets a zero-power CSI-RS (or CSI-RS) with time/frequency hopping as an interference measurement region, and the UE estimates the interference based on the zero-power CSI-RS (or CSI-RS). In this alternative, for example by applying random hopping, a non-limited reuse factor can be achieved. However, additional rate matching may need to be specified for Rel. 11 UEs, and there may be some impact on Rel. 10 UEs. For Alt. 5, the UE estimates the interference based on a combination of the above alternatives (Alt. 1 – 4) and the current mechanism. In this alternative, for example, the interference out of cell (the same cell-ID TPs) is estimated using the CRS, and the interference within the cell is estimated using the CSI-RS (zero power CSI-RS) [1]. Table I shows a summary of the above investigation for Alts. 1, 2, 3, and 4.
Proposal 4: If we define an enhanced interference measurement mechanism in Rel. 11, the following alternatives could be considered.

· Alt. 1: CSI-RS based interference measurement with increased CSI-RS density
· Alt. 2: Interference measurement-specific CSI-RS
· Alt. 3: Zero-power CSI-RS based interference measurement (PDSCH hole)
· Alt. 4: Zero-power CSI-RS (or CSI-RS) hopping among multiple TPs
· Alt. 5: Combination of new (Alt. 1 or 2 or 3 or 4) and current mechanisms (e.g., CRS based)
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Figure 1 – Example of enhanced interference measurement mechanism
Table I – Comparison of enhanced interference measurement mechanisms
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5. Conclusion

In this contribution, we investigate the possibility of enhancing the current interference measurement mechanism for Rel. 11.

Proposal 1: Enhanced interference measurement mechanism should be taken into account not only CoMP operations but also CRS-less scenarios such as for an additional carrier type.
We investigate requirements for the enhanced interference measurement in Rel. 11 from the viewpoints of the target scenario and performance as follows.
Proposal 2: We should strive to specify a single interference measurement mechanism (while allowing multiple implementation solutions) for all possible scenarios.

Proposal 3: We should consider the following in evaluating the enhanced interference measurement mechanism.

· Optimization for low SNR conditions considering CoMP operation regions

· Comparison to current interference estimation mechanism
· Evaluation of both overhead and interference measurement accuracy

· Evaluation of legacy UE (Rel. 8/9/10) impact

We also investigated the possible enhancement of the current interference measurement mechanism.
Proposal 4: If we define an enhanced interference measurement mechanism in Rel. 11, the following alternatives could be considered.

· Alt. 1: CSI-RS based interference measurement with increased CSI-RS density
· Alt. 2: Interference measurement-specific CSI-RS
· Alt. 3: Zero-power CSI-RS based interference measurement (PDSCH hole)
· Alt. 4: Zero-power CSI-RS (or CSI-RS) hopping among multiple TPs
· Alt. 5: Combination of new (Alt. 1 or 2 or 3 or 4) and current mechanisms (e.g., CRS based)
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