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1. Introduction
It was agreed to specify the possibility to UE-specifically configure specific REs for interference measurement in RAN1#67. UE-specific implies that UE can be configured to measure interference over specific resources according to its geometry, supported transmission schemes, etc. To proceed on the standardization, principles of interference measurement design are suggested in this contribution. Based on the principles, we propose to introduce muted resources to estimate interference. The muted resource could be either existing zero-power CSI-RS or newly specified resources. The potential standardization work is also discussed.
2. Principles for interference measurement design
· Unified solution to support various CoMP operations 

Various CoMP transmission schemes including JT, CS/CB and DPS are now in consideration. For different transmission schemes, the interference used in the calculation of reported CQI would be different. For example, for JT transmission, it is natural that the interference is outside the measurement set since all points in measurement set would transmit useful signal to UE. For DPS transmission, it would be better if the measurement accounts interference outside the selected points. If dynamic blanking is supported, then the interference should get rid of the contribution from the blanked points. 
For the flexibility of transmission scheme adaptation, the reported CQI would be better if it is calculated based on the interference outside the measurement set (= reporting set). The measurement set is determined based on UE’s geometry and the network capability. UE should be able to estimate different interference according to different measurement set. 
In CoMP operation, the UE may need to estimate different interference sources under different condition.  If the measurement mechanism is designed targeting specific conditions such as specific transmission scheme and measurement set, then once the condition is changed, the interference measurement algorithm should also be changed. This would complicate the system design and UE implementation. Therefore, a unified solution targeting various CoMP operations is desired.
With the unified solution, the actual interference sources can be made transparent to UE. That is, UE simply follows the instruction of network to estimate interference on specific resources. The actual interference sources do not affect the estimation algorithm used by UE.
· Minimizing impact to legacy UE
Impact on the performance of legacy UE by the newly designed interference measurement mechanisms should be kept minimal. 
To Rel-8/Rel-9 UE, any resources used for interference measurement other than CRS would cause performance degradation. Therefore, the density of interference measurement resource should be low if it is newly introduced.
To Rel-10 UE, UE specific configured zero-power CSI-RS is introduced. If interference measurement is based on zero-power CSI-RS, the effect is acceptable since Rel-10 UE could make rate matching around the resources. If new resource beyond CSI-RS and zero-power CSI-RS is defined, the density should also be low to reduce the effect to Rel-10 UE.
· Suitable for various scenarios in Rel-11

The designed mechanism should also be applicable to other scenarios in Rel-11, such as single cell MIMO and possible new carrier types.
· High accuracy
Interference measurement accuracy is crucial to CQI calculation and reporting, and hence crucial to performance of CoMP operation. The design of Rel-8/Rel-9/Rel-10 did not spend much time on interference measurement. Hence, the estimation accuracy may be not satisfactory in some situation. It is now an opportunity to optimize the design by targeting higher estimation accuracy. 
· Acceptable overhead

Additional configured resources for interference measurement may increase total system overhead. The overhead should be justified by the performance gain. 
· Low UE implementation complexity
The complexity of interference estimation algorithm should be comparable or less complicated than Rel-10 UE. That is, the type of resource should not be too much, otherwise, UE has to implement interference measurement algorithm according to each type of resources.
3. Standardization work
Possible work in specification focus on the following aspects:
· Specify which resources to use
· Forming a set of interference measurement resources. Each resource can be used to measure a specific source of interference.

· Consider measurement accuracy, overhead, implementation complexity while specifying the resources.
· Design DL signaling to inform the resources to UE
· The signaling for interference measurement resources is UE-specific according to the agreement. In our companion contribution [1], interference assumption for CQI calculation is discussed. As per discussion, it is suggested that interference should be measured on the same resource for per-CSI-RS-resource CQI reported by a UE. That is, interference measurement resource is preferred to be configured on per-UE basis.
· Higher layer signaling is sufficient, since the interference environment would not change dynamically. 

· Duty cycle and subframe offset configuration could reuse that of CSI-RS.
· Signaling of time-frequency location within a subframe needs further study. 
4. Interference based on measurement REs
Considering design principles in section 2, a possible unified solution is to introduce intentionally muted REs (interference measurement REs) for UE to estimate interference. The muted REs could be either existing zero-power CSI-RS or newly defined REs. 

On the interference measurement RE, no signal is transmitted from points in the UE’s measurement set. Then UE can simply estimate the interference outside the measurement set by measuring the received power on those REs. 
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Figure 1: Interference measurement RE configuration for measurement set {TP1}

With this type of interference measurement REs, the interference measurement can be illustrated by examples in Figure 1, 2, and 3. A coordination area consists of 3 transmission points (TP). A UE with measurement set including only TP1 can be configured to estimate interference based on interference measurement RE shown in Figure 1. Similarly, a UE with measurement set consisted of TP1 and TP2 can estimate interference outside the measurement set on interference measurement RE in Figure 2, including TP3. With interference measurement RE configuration in Figure 3, a UE can estimate the interference outside the set of TP1, TP2 and TP3.
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Figure 2: Interference measurement RE configuration for measurement set {TP1, TP2}
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Figure 3: Interference measurement RE configuration for measurement set {TP1, TP2, TP3}

Advantages of this kind of interference estimation mechanism include:

· Interference estimation reflects the expected source of interference
· Improved estimation accuracy
· Simplified UE implementation
· Marginal overhead with well design
The application and measurement method of interference measurement RE are detailed and compared with other resources in [2]. Setting zero-power CSI-RS as baseline is proposed in [2]. Considering further reducing overhead, defining new resources is also considered. There are two alternatives: one approach is to define new resources outside zero-power CSI-RS. It provides more room for optimization, while causes backward compatibility issues toward Rel-8/Rel-9/Rel-10 UE. The other is to define new resources within zero-power CSI-RS, but with finer granularity, e.g., defining 2 out of the 4 zero-power CSI-RS REs/PRB as a new resource. By this way, impact to legacy UE can be kept minimal since it is similar as zero-power CSI-RS.
5. Conclusions

In this contribution, we present our views on the principles of interference measurement design:
· Unified solution to support various CoMP operations 

· Minimizing impact to legacy UE

· Suitable for various scenarios in Rel-11

· High accuracy

· Acceptable overhead

· Low UE implementation complexity

With the principles in mind, we propose to specify intentionally muted REs for interference measurement.
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