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1. Introduction
For Comp interference measurement, the following conclusions were agreed in RAN1#68bis meeting:

· 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
In this contribution, the open issues on IMR are discussed, including number of IMR, necessity of NZP CSI-RS and finer granularity. Furthermore, two ways of signaling IMR configuration are analyzed.
2. Discussion on IMR
2.1. Number of IMR 

The current decision is that at least one IMR can be configured for a Rel-11 UE. Configuring more than one IMR allows UE to measure multiple interference states for multiple CQI. For example, one IMR is used to measure interference outside a single TP, and DPS CQI is derived based on the measurement. Another IMR is used to measure interference outside the measurement set, and DPB/JT CQI can be derived at UE side based on the measurement. As an alternative, UE can be configured to only measure interference outside measurement set, i.e., only DPB CQI can be derived directly at UE side. The other CQI such as DPS CQI can be calculated by UE based on CSI of other TPs in measurement set [1] or by network based on the reported DPB CQI of other TPs in the measurement set. In our companion contribution [2], evaluation results are provided to show that calculation at network is sufficiently accurate, while requiring less feedback overhead than which are calculated at UE side. 
Configuring multiple IMR implies that UE has to do multiple estimations. It will complicate the UE implementation. Overhead of IMR may also be increased by configuring more than one IMR, since additional ZP CSI-RS or NZP CSI-RS should be configured for the additional IMR.
Proposal 1: Only one IMR should be configured for Rel-11 UE.

2.2. Necessity of NZP CSI-RS in addition to ZP CSI-RS
According to the agreement, each IMR consists of only REs which can be configured as Rel-10 CSI-RS resources. That is, an IMR comprises REs that are configured as ZP CSI-RS, or NZP CSI-RS, or mix. There are lots of contributions that make comparison between ZP CSI-RS and NZP CSI-RS [3-6]. According to the comparison, ZP CSI-RS is more appropriate for interference measurement purpose. The mix of ZP CSI-RS and NZP CSI-RS in an IMR makes UE implementation and standardization more complex, therefore should not be considered in Rel-11. In this contribution, we discuss the problem of whether NZP CSI-RS as an IMR is necessary in addition to ZP CSI-RS, no matter one or multiple IMR are configured. The problem is discussed from aspects of complexity, overhead and accuracy.
Complexity

Two blocks of estimation algorithm have to be implemented if both ZP and NZP CSI-RS are supported for interference measurement. Particularly, when multiple IMR including ZP and NZP CSI-RS are configured for UE, the complexity at UE side is obvious. Even only NZP CSI-RS is configured, the UE implementation is still more complicated than using ZP CSI-RS only.
Overhead
For better CSI estimation accuracy, ZP CSI-RS may be configured for each TP in cooperating set. That is, a TP may mute those REs corresponding to CSI-RS of other TPs in cooperating set. In such circumstance, interference observed on CSI-RS of each TP comes from TPs outside the cooperating set. However, a UE’s measurement set is typically smaller than the cooperating set. To estimate interference outside of a specific measurement set which is not identical with the cooperating set, additional NZP CSI-RS or ZP CSI-RS should be configured. This incurs additional overhead. In Figure 1, a configuration of NZP CSI-RS is illustrated. The cooperating set consists of three TPs. There are total 7 possible measurement sets including single point transmission. One additional NZP CSI-RS is configured for each measurement set, except the measurement set {TP1, TP2, TP3} which is identical to cooperating set and the interference outside this set can be measured by CSI-RS of each TP. As a comparison, a configuration of ZP CSI-RS is illustrated in Figure 2. One ZP CSI-RS is configured for each measurement set. Compared with NZP CSI-RS, only one more ZP CSI-RS is configured for measuring interference out of {TP1, TP2, TP3}. The overhead are similar for ZP CSI-RS and NZP CSI-RS.
Since interference measurement based on NZP CSI-RS relies on channel estimation accuracy of CSI-RS, the received SINR is crucial to the accuracy of measurement. This can be explained by Figure 3. NZP CSI-RS is transmitted from TP1 for measuring interference outside of {TP1, TP2}.  A UE close to TP1 (UE1) could estimate the interference accurately since its channel can be estimated with high accuracy. A UE far from TP1 (UE2) will estimate interference with worse accuracy due to low SINR. To improve measurement accuracy of such UE, additional NZP CSI-RS transmitting from TP2 may be needed which doubles the overhead. In contrast, if IMR is configured as ZP CSI-RS, the estimation accuracy is the same for all UE no matter where it is located.
Observation: The overhead of ZP CSI-RS and NZP CSI-RS for IMR are similar.
Accuracy

Density of CSI-RS is as low as 1 RE/port/PRB. Such low density was proved to be sufficient for CSI derivation. It was also raised that the density is insufficient for interference measurement [7]. The accuracy of interference estimation based on NZP CSI-RS depends heavily on the accuracy of channel estimation. As stated above, the additional configured NZP CSI-RS can be utilized by only a part of UE with appropriate SINR. 
Proposal 2: REs of an IMR are only allowed to be configured as ZP CSI-RS.
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Figure 1: NZP CSI-RS for interference measurement
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Figure 2: ZP CSI-RS for interference measurement
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Figure 3: NZP CSI-RS is not applicable for all UEs to estimate interference
2.3. Density of ZP CSI-RS used for IMR
ZP CSI-RS is defined in granularity of 4 REs/PRB in Rel-10. In practical, the density may be overdesign for pure interference measurement. A preliminary evaluation result is given [8]. For ease of explanation, it is reiterated in Figure 4. The interference is modeled as complex Gaussian distributed random variable. The measurement is taken over a subband which consists of 6 PRB. N RE/PRB means that there are N x 6 RE can be used for measurement. The estimation error is measured in decibel. From the results, one can find that 2 REs/PRB provides similar measurement performance as 4 REs/PRB. 
Some company had raised the concern that 4 REs/PRB are not sufficient for interference measurement [9]. According to the evaluation results provided in [9], 12 REs/PRB is accurate enough. It is worthy noting that, it is the number of samples instead of density that determine the estimation accuracy. Considering the fact that interference measurement is used for CQI derivation which is performed on subband basis. That is, interference measurement can be averaged over at least on subband. Assume that one subband consisting of 6 PRBs, density of 2 REs/PRB results in 12 REs for interference measurement in one subband. According to the results in [9], 12 REs is sufficient. Furthermore, time domain averaging can also be considered to further improve the accuracy.
Proposal 3: 2 REs/PRB zero-power IMR is sufficient for interference estimation and should be introduced in Rel-11.
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Figure 4: Interference measurement error with different density
3. Signaling of IMR configuration
Two ways of signaling IMR to UE can be considered: independent configuration with ZP CSI-RS and configuration related to ZP CSI-RS.
Independent configuration with ZP CSI-RS

In case of independent configuration, the configured IMR is independent of the configured ZP CSI-RS. 

The signaling of IMR can be designed similar to that of CSI-RS configuration. The period and subframe offset are signaled by IMR-SubframeConfig. Subframes containing IMR shall satisfy
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are listed in Table 1.
Table 1: IMR subframe configuration
	IMR-SubframeConfig 
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Resource used within a subframe is indicated by ResourceConfig. Each ResourceConfig is linked to an N-port CSI-RS configuration of Rel-10. UE assumes zero transmission power on the resource elements corresponding to the N CSI reference signal, and UE measure interference on those resource elements. N could be either 2 or 4 depends on the conclusion on the granularity. UE assumes rate matching around the configured IMR together with configured ZP CSI-RS (including both ZP CSI-RS for CSI accuracy and other IMR in the same cell) and NZP CSI-RS.
Configuration related to ZP CSI-RS
IMR is only allowed to be configured within configured ZP CSI-RS. An indicator of which configured ZP CSI-RS is used for interference measurement is signaled to UE. Since ZP CSI-RS is defined with granularity of 4 REs/PRB, additional 1 bit is needed to signal UE which part is used within the ZP CSI-RS if granularity of 2 REs/PRB is supported. No explicit SubframeConfig is needed, since it can be inferred from the configuration of corresponding ZP CSI-RS. 
Following the consideration of protection to low version UEs in Rel-10, NZP CSI-RS is desired to be configured in one subframe. For improving CSI estimation accuracy, ZP CSI-RS should be configured in the same subframe as NZP CSI-RS. But if NZP CSI-RS are not configured within on subframe due to independent configuration and pattern restriction, subframe configuration of ZP CSI-RS as IMR should be signaled. 
4. Conclusions

In this contribution, remaining issues on IMR configuration are discussed. The proposals are:
Proposal 1: Only one IMR should be configured for Rel-11 UE.
Proposal 2: REs of an IMR are only allowed to be configured as ZP CSI-RS.

Proposal 3: 2 REs/PRB is sufficient for interference estimation and should be introduced in Rel-11.
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