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1. Introduction
To enable the network to better control the noise and interference composition measured by a UE for the purpose of CSI reporting, it has been agreed to introduce a configurable interference measurement resource. The current agreement, as of RAN1 #68bis, is as follows:
· At least one Interference Measurement Resource (IMR) can be configured for a Rel-11 UE

· FFS whether a maximum of only one or multiple IMRs can be configured for a Rel-11 UE

· Each IMR consists of only REs which can be configured as Rel-10 CSI-RS resources

· FFS whether REs of an IMR are allowed to be configured as non-zero-power CSI-RS resources

· FFS whether an IMR can have finer granularity than 4 REs/PRB

Revisit FFSs on RAN1#69. 

Herein, we address the points for further study, and further discuss how the terminal should estimate interference for CSI reporting corresponding to different interference hypotheses.

2. Design of the interference measurement resource

The benefit of introducing an interference measurement resource is that the network can better control the interference measured by a terminal for the CSI reporting. In particular, in a CoMP cluster the network can by means of configuring appropriate zero-power CSI-RS for the terminals control the interference composition seen on a particular IMR. For example, if all terminals in a cluster are configured with zero-power CSI-RS resource covering the IMR, then the measured interference will correspond to the inter-cluster interference. 

Observation:

· The zero-power CSI-RS is the tool the network can use to control the interference seen on an IMR

Hence, the resolution in which interference can be muted on an IMR is limited by the resolution of the ZP CSI-RS. For this reason, having a higher resolution on the IMR than the ZP CSI-RS does not seem useful. For that reason, we propose that the granularity of the IMR is 4 REs/PRB.
Proposal:

· The IMR corresponds to a four port CSI-RS resource

Moreover, it has been argued that it could be useful to allow the transmission also of a non-zero power CSI-RS within the IMR resource, which the UE should be capable of cancelling prior to the interference measurement. Even though this could be beneficial in that CSI-RS resources could be reused, this flexibility comes at the very high price of reduced accuracy in the interference measurement, in particular in the scenario where the intra-cluster interference dominates for a UE, which is the scenario where CoMP is most beneficial. 
To see this, consider a received signal from which a CSI-RS reference signal has been pre-subtracted, r,
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where 
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is the estimate of the actual channel 
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in the resource element pair used for the CSI-RS in resource block k. As is show in Appendix A the fact that 
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is estimated from the same CSI-RS signal that we are trying to cancel implies that 
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 tends to zero, when the processing gain of the CSI-RS tends to one (i.e., zero dB). Hence, the cancelling brakes down for low processing gains. Since, the CSI-RS generally have very low processing gain, in particular in frequency selective channel, a terminal cannot be expected to accurately estimate a residual interference after cancelling the CSI-RS.
Observation:

· Cancelling a reference signal from a received signal, based on a channel estimate acquired from the same reference signal, brakes down when the processing gain of the channel estimation is low.

Proposal:

· A UE is not expected to pre-subtract any signal from the IMR prior to measuring the interference.

· The IMR shares the same subframe offset and periodicity as the zero-power CSI-RSs

· The IMR corresponds to one of the CSI-RS configurations that has been configured as a zero-power CSI-RS 

3. CQI Reporting of Multiple Interference Hypotheses

As discussed in more detail in [1] it is essential for harvesting the CoMP gains that the link adaptation is able to capture the interference variations seen by different CoMP transmissions; for example, to capture the interference difference when a neighboring transmission point is muted or not. One approach is to having the eNodeB trying to post process received CSI reports, all assuming a single interference hypothesis, to derive the impact of different coordinated transmissions. However, as shown in [1] this results in inferior performance to having multiple CSI reports from a UE, each according to a the interference seen in a specific coordinated transmission.
Proposal:

· Support multiple CSI reporting processes for each configured CSI-RS

There are currently two proposals on the table for achieving reporting of CSI assuming different interference hypotheses for a particular configured CSI-RS resource:

1) Enable configuring of multiple IMRs [3] for reporting of a single CSI-RS resource; or in other words, enable configuration of multiple CSI reporting processes with the same CSI-RS, but configured with different IMRs

2) The UE can be configured to emulate interference from transmission points within CoMP Measurement Set. With this approach a single IMR is sufficient, where the UE can measure interference from outside the CoMP Measurement Set. Multiple CSI reporting processes can then be configured for a specific CSI-RS resource, each processes being associated with a particular UE emulated interference hypotheses. This concept is outlined in detail in [2] where it is outlined how such a framework can be introduced in the standard and tested in RAN4. 
The benefit of approach 1) of using multiple IMRs is that the interference composition seen on an IMR can be controlled by the network, and the UE does therefore not have to be aware of the specifics of the interference of a particular interference hypothesis. However, configuring multiple IMRs is non-trivial. Firstly, since in practice a IMR must coincide with a zero-power CSI-RS, which all are constrained to be in the same subframe, all IMRs must be configured in the same subframe. Moreover, since all non-zero power CSI-RSs also must fall in the same subframe, as described above, the number of available CSI-RS configurations becomes a severe constraint. Secondly, for it to be meaningful to configure multiple IMRs, the interference seen on each IMR must correspond to a specific composition of intra-cluster interference; that is, represent the interference expected for a particular CoMP transmission. In practice, that for a particular transmit point a certain set of IMRs should be muted, whereas others should not be muted (i.e., IMRs that should contain interference from this transmission point). The main problem is that the zero-power CSI-RS is a UE specific property and not a transmit point specific property. Hence, in DPS and JT, where a particular terminal is active in multiple transmission points, the desired muting configurations of two different transmission points cannot be fulfilled. 
Observations:

· All IMRs, ZP CSI-RSs, and NZP CSI-RSs in practice fall in the same subframe. The number of available CSI-RS configurations is therefore a challenging constraint.

· With DPS and JT, the network cannot expose multiple IMRs with relevant intra-cluster interference compositions, because the muting configuration is UE specific and not transmission point specific.

The second approach does not suffer from these constraints, as discussed in more detail in [2] the interference variations can be efficiently captured if the UE emulates intra CoMP Measurement Set interference by assuming an isotropic interfering signal from each TP that is assumed interfering for a given CoMP hypothesis. More specifically, an isotropic signal is assumed to be transmitted over each effective channel (defined by a CSI-RS) from which interference is expected for a given CoMP transmission hypothesis. 

Using such a scheme for having the UE emulating intra CoMP cluster interference allows for more effective use of a interference measurement on a single IMR, which could correspond to a residual interference measurement that is shared by multiple interference hypothesis for CoMP CQI recommendations.

Proposal:

· Support only a single IMR shared by all CSI processes

· Capture multiple intra-cluster interference hypotheses by means of UE emulated intra cluster interference
4. Interference Measurement Offset
As mentioned above, it is very challenging for a network to ensure that the interference seen on an IMR corresponds to the actual desired interference for the CSI reporting. In particular, in larger coordination clusters there are a large number of possible configurations of potential CoMP Measurement Sets, and it will be impossible for the network to uphold an IMR corresponding to the out-of-CoMP Measurement Set interference. If multiple IMR configurations for a single CoMP Measurement Set is further agreed, this problem is worsened by an order of magnitude. 

To allow the network to compensate for this mismatch, we propose that an interference measurement offset is introduced. The measured interference shall then be scaled with this offset before deriving the CSI for a particular CSI-RS. Such an interference measurement offset can be used by the network to ensure that the CQI and RI is determined for a SINR operating point actually seen in the coordinated transmissions.
Proposal:

· Introduce an interference measurement offset allowing the network to configure a scaling of the interference measurement performed by the UE

5. Conclusions
In this contribution we discussed the interference measurement framework to introduce for efficient support of CoMP. We make the following observations
Observations:

· The zero-power CSI-RS is the tool the network can use to control the interference seen on an IMR
· Cancelling a reference signal from a received signal, based on a channel estimate acquired from the same reference signal, brakes down when the processing gain of the channel estimation is low.

· All IMRs, ZP CSI-RSs, and NZP CSI-RSs in practice fall in the same subframe. The number of available CSI-RS configurations is therefore a challenging constraint.

· With DPS and JT, the network cannot expose multiple IMRs with relevant intra-cluster interference compositions, because the muting configuration is UE specific and not transmission point specific.

and propose the following:
Proposals:

· The IMR corresponds to a four port CSI-RS resource

· A UE is not expected to pre-subtract any signal from the IMR prior to measuring the interference.

· The IMR shares the same subframe offset and periodicity as the zero-power CSI-RSs

· The IMR corresponds to one of the CSI-RS configurations that has been configured as a zero-power CSI-RS 

· Support only a single IMR shared by all CSI processes

· Capture multiple intra-cluster interference hypotheses by means of UE emulated intra cluster interference
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Appendix A

The channel estimate can be decomposed as
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where 
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, loosely speaking, corresponds to a low pass filtered 
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(over frequency), and G is the processing gain of the channel estimation. Moreover, note that when the processing gain tends to 1 (zero dB), then 
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Combining the results in equations (1) and (2) one obtains
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It follows from equation (3) that 
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Note that in the above derivations we have, for simplicity, disregarded the CDM multiplexing (and decoding) of the CSI-RS ports. However, the above conclusion will still arise when both of the two CDM multiplexed CSI-RS ports are cancelled from the received signal. 
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