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1. Introduction
Even though Interference Measurement Resources (IMRs) is a useful tool for interference measurements it does not fully solve the interference measurement problems for CoMP, in particular in heterogeneous deployments where many nodes may be involved. The beauty of the IMR is that it provides a UE transparent means for the network to expose the UE to any interference composition of choice, which is highly useful, but the main shortcoming is the limited reuse factor, or put in other words, the limited number of available IMRs, the associated downlink overhead, and the coupling to ZP CSI-RSs.
For  these reasons it was agreed in TSG-RAN WG1 #69 to further study whether one or two NZP CSI-RS resources can be configured, on which ports the UE assumes the transmission of an isotropic signal to be considered as interference in addition to the interference measured on the configured IMR:
Agreement:
· The eNB configures the CSI(s) to be reported by the UE

· A Rel-11 UE can be configured to report one or more CSIs per CC

· Each CSI is configured by the association of

· Channel part: one NZP CSI-RS resource in CoMP Measurement Set

· Interference part: 

· one Interference Measurement Resource (IMR) which occupies a subset of REs configured as Rel-10 ZP CSI-RS

· FFS whether one or two NZP CSI-RS resources can be configured, on which ports the UE assumes the transmission of an isotropic signal to be considered as interference in addition to the interference measured on the configured IMR

In [1] we give a more thorough description of how to utilize UE emulation to effectively deploy and operate coordinated network nodes. In the following we focus on how to specify and define such emulated interference, and how such functionality can be effectively tested in RAN4. 

2. Definition of UE emulated interference
As concluded by the agreement above the emulation of interference over a NZP CSI-RS can be defined as:

If a UE is configured to emulate interference according to a specific NZP CSI-RS for a CSI (process), it shall assume the transmission of an isotropic signal on the ports of the NZP CSI-RS, which is considered interference, in addition to the interference measured on the configured IMR and any other configured emulated interference, for the CSI calculations of the CSI (process).
The specifics of how to apply such an emulated isotropic interfering signal to the CQI/RI/PMI derivations should not be specified, but be left for UE implementation as to maximize implementation freedom and to enable UE vendors to take advanced receiver functionality, such as interference suppression schemes, into account in the CQI reporting. Instead the functionality should be captured in terms of RAN4 performance requirements on the emulation, see below.

The Tx power of the assumed interfering signal does however need to be specified. A baseline assumption could be to assume that the isotropic signal has an EPRE offset relative the NZP CSI-RS as given by the parameter Pc which could be independently configurable for the purpose of interference emulation.

3. RAN 4 testing and performance requirements

The proposed technique of having the UE emulate intra CoMP Measurement Set interference is particularly suitable for an implicit CSI framework based on performance/BLER testing. 

The test is readily constructed by following the UE recommendation for a particular interference hypotheses, while exposing the PDSCH of the assumed isotropic interference originating from the neighboring TP(s) (i.e., transmit isotropic interference over the effective channel associated with each assumed interfering TP).

By implicitly testing the interference injection using RAN4 performance tests, the UE implementation for this will to a large extent be transparent to the standard. Moreover, the UE can actively take its implementation specific interference rejection capabilities into account when reporting the CQI for the constructed interference hypothesis.
Example of RAN4 test setup for UE emulation:

· Implicitly define the interference emulation by means of RAN4 performance tests:

· An IMR is configured where the UE measure residual interference 

· The test setup has muted all interference from effective channels associated with CSI-RSs in the CoMP Measurement Set on this IMR

· A CSI process is configured with interference emulation of at least one NZP CSI-RS
· The performance is tested by means of following the UE recommendations (CQI/PMI/RI) for the CSI process, while exposing the PDSCH transmissions to the UE to isotropic interference over the effective channels corresponding to the NZP CSI-RS(s) configured for interference emulation.
4. Notes on UE Implementations
By current agreements all CoMP enabled UEs shall be capable of simultaneously tracking and estimating the effective channels of 3 NZP CSI-RSs, as defined by the size of the CoMP Measurement Set. When an effective channel is estimated the UE is thus capable of modeling the characteristics of a signal that is transmitted over that effective channel, regardless if the signal is considered a desired information carrying signal or an interfering signal.

Hence, we first note that there is no particular difference in the modeling if the signal is interfering or not.

More rigorously, assume that the residual interference (without P1 and P2) is estimated by the UE (for a particular subband) , using for example a configured zero-power CSI-RS resource, so that the UE can form a model for the residual noise and interference, 
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Moreover, assume that UE has estimated the effective channel of a configured desired signal NZP CSI-RS, 
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, and the effective channel of an interfering NZP CSI-RS,
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, from measurements on the corresponding CSI-RS in the CoMP Measurement Set. Then the UE can form a model of the received signal as
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is the total assumed interference, and 
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is an isotropic random signal of a specific nominal power. In a CSI report assuming interference from P1, the UE thus assumes the model in Equation (2) in place of Equation (1). 

Note however that the specifics of how the UE implements the artifical interference do not have to be standardized, for example the UE may simplify the modeling as
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and P is the power of each element in
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, which would be defined e.g., by the Pc parameter associated with the NZP CSI-RS defining the interference emulation. 
5. Conclusion

Herein we propose to define UE emulated interference in the RAN1 specifications as
“If a UE is configured to emulate interference according to a specific NZP CSI-RS for a CSI (process), it shall assume the transmission of an isotropic signal on the ports of the NZP CSI-RS, which is considered interference, in addition to the interference measured on the configured IMR and any other configured emulated interference, for the CSI calculations of the CSI (process).”

Moreover, we provide an example RAN4 test setup, which implicitly define the UE interference emulation, as:

· An IMR is configured where the UE measure residual interference 

· The test setup has muted all interference from effective channels associated with CSI-RSs in the CoMP Measurement Set on this IMR

· A CSI process is configured with interference emulation of at least one NZP CSI-RS
· The performance is tested by means of following the UE recommendations (CQI/PMI/RI) for the CSI process, while exposing the PDSCH transmissions to the UE to isotropic interference over the effective channels corresponding to the NZP CSI-RS(s) configured for interference emulation.
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