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1 Introduction

The discussion on CSI feedback for CoMP is a long lasting topic raising substantial interest. Significant progress was reached in the TSG RAN1 #67 meeting when it was decided that the UE reports CSI corresponding to individual points, or more formally correct, corresponding to individual CSI-RS resources.

- CSI feedback for CoMP uses at least per-CSI-RS-resource feedback.

However, the CSI feedback decision only offers a rough guideline for the design, and many important details remain. Open issues include the number of CSI-RS reports and the kind of interference that should be included in the report. This contribution focus on how the UE should measure/determine interference hypotheses for CSI reports targeting different CoMP transmission hypotheses.
2 Discussion

The performance of CoMP relies heavily on sufficiently accurate link adaption. CoMP may raise the SINR level of cell edge UEs but that would be of little value if the link adaptation is not able to capture the SINR increase and translate it into a corresponding throughput increase. A problem is that the burstiness of interference typically increases when CoMP is introduced, presenting a challenging environment for achieving accurate link adaption. Outer loop link adaption (OLLA) adjustment based on ACK/NACKs is commonly used to compensate for link adaption errors but because of the increase of the burstiness of interference, gains in SINR are often offset by a larger back-off in the outer loop adjustment, thereby producing small or no throughput gain in the end.
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Figure 1: Interference hypotheses for the strongest and second strongest points (P1 and P2).
To benefit from CoMP it therefore seems necessary for the UE to report CSI corresponding to different hypothesis on the intra CoMP cluster interference (i.e., corresponding to different muting configurations of the coordinated transmission points that are associated with CSI-RS in CoMP Measurement Set). As discussed in more detail in [1], taking the case of two coordinated points, there are three interference hypotheses to consider, see Figure 1,
1. Interference from P2 (not from P1)


2. Interference from P1 (not from P2)

3. No interference from P1 or P2
If P1 is the serving point, then the first interference hypothesis corresponds to a single point transmission with a co scheduled UE from P2. The second interference hypothesis corresponds to a DPS hypothesis, where the desired signal transmission is from P2, but there is a co scheduled UE in P1. The third interference hypothesis corresponds to a DPB/JT hypothesis where for a single point transmission, the other point is muted or in case of joint transmission is used to transmit desired signal.
Hence, already with a CoMP Measurement Set size of two, there are three different interference hypotheses that should be captured in the CSI reporting. For larger CoMP Measurement Set sizes, the number of possible combinations increases drastically. 

The question then arise how a UE can estimate the interference corresponding to each of these interference hypotheses. It has been proposed, see for example [2], to enable configuration of multiple sets of REs for interference measurements, each corresponding to a particular interference hypothesis. This does however come at the cost of increased downlink overhead and increased impact on Rel-8 and 9 UEs not capable of zero-power CSI-RS. Moreover, for larger CoMP coordination clusters, the number of interference hypotheses increases exponentially. 

Therefore, we propose that a single zero-power CSI-RS is configured for interference measurement, corresponding to no interference from P1 or P2. To form interference hypothesis 1 and 2, the UE instead artificially adds interference corresponding to an isotropic transmission over the corresponding effective channel to P2 (or P1), which the UE in any case has estimated for the purpose of PMI recommendation. This will alleviate the network to form distinct interference patterns for every possible muting configuration, which will minimize the downlink overhead and impact on legacy terminals. 

Proposal:

· Only introduce a single set of REs on which a UE measures interference

· The interference seen on these REs should correspond to the uncoordinated interference from TPs not associated with CSI-RSs  in the CoMP Measurement Set

· Let UEs compensate the lack of intra CoMP Measurement Set interference that should be present for a particular CoMP interference hypothesis by assuming for the CSI reporting that
· an emulated interfering isotropic signal is transmitted over each estimated effective channel from which interference is expected for the interference hypothesis
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 to P2, 
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, from measurements on the corresponding CSI-RS in the CoMP Measurement Set. Note that the terminal would estimate 
[image: image5.wmf]eff

P

,

2

H

regardless for the purpose of PMI recommendation. Then the UE can form an interference hypothesis with interference from P2 (corresponding to interference hypothesis 1 above) as
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where 
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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). Similarly the UE can determine the interference hypothesis corresponding to interference from P1 (interference hypothesis 2 above). 

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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. Most likely it will suffice for the implementation to assume that 
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Instead the artificial/emulated interference should be standardized implicitly by means of performance testing, which has the key benefit that the UE will be free to implement the artificial interference in any suitable way, as long as it meets the performance requirements on the RAN 4 testing for the corresponding CSI report, see Section 3. This allows for varying degrees of advanced UE implementations. More advanced implementations will experience higher performance.
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 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.
Proposal

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

· A set of REs are 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
· The performance is tested by following the UE recommendation (CQI/PMI/RI) for a CSI report corresponding to a specific interference injection configuration

· In the test, the PDSCH is interfered by isotropic signals that are transmitted over each effective channel for which the terminal was expected to emulate interference (in the CSI reporting)
4 Conclusions

Herein we propose an implicit feedback method which allows a UE to emulate intra CoMP cluster interference, which enables efficient measurement of the interference hypothesis for different CoMP transmission hypotheses. The following is proposed:

Proposal:

· Only introduce a single set of REs on which a UE measures interference

· The interference seen on these REs should correspond to the uncoordinated interference from TPs not associated with CSI-RSs  in the CoMP Measurement Set

· Let UEs compensate the lack of intra CoMP Measurement Set interference that should be present for a particular CoMP interference hypothesis by assuming for the CSI reporting that

· an emulated interfering isotropic signal is transmitted over each estimated effective channel from which interference is expected for the interference hypothesis
· Implicitly define the interference emulation by means of RAN4 performance tests:

· A set of REs are 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

· The performance is tested by following the UE recommendation (CQI/PMI/RI) for a CSI report corresponding to a specific interference injection configuration

· In the test, the PDSCH is interfered by isotropic signals that are transmitted over each effective channel for which the terminal was expected to emulate interference (in the CSI reporting)
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