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1 Introduction
In RAN1#68bis meeting, it has been agreed that 
Agreement:

· 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, we state our views on the remain issues, which are to be decided in RAN1#69 meeting
· Number of IMRs that can be configured for a Rel-11 UE

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

2 Discussion

For conventional single-cell transmission, the interference comes from all the points other than the serving point. For PDSCH transmission, the employment of different CoMP schemes results in different types of interference, requiring corresponding way of interference measurement for CQI measurement and feedback. For CB/CS CoMP, the transmission point is the serving point and but the strongest interference from the neighbour point is alleviated. For JT CoMP, the PDSCH experiences interference from all the points except that of dynamically selected transmission points (TPs). For DPS without dynamic point blanking, the interference comes from the points other than the selected TP. In case of DPS with dynamic point blanking, the interference from the non-selected points in CoMP measurement set may be muted off. For dynamically varied interference, we strive to design a single interference measurement mechanism for all possible CoMP scenarios in Rel.11 that can support the channel-dependent scheduling of non CoMP and CoMP JT, DPS, and CB/CS transmission [1].

The UE-specific CoMP measurement set requires UE-specific configuration of IMRs. In the following, a detailed example is given to illustrate the configuration of IMRs for Rel-11 UEs, i.e., UE1, UE2 and UE3, with UE-specific CoMP measurement sets. As shown in Figure 1, UE1’s CoMP measurement set consists of Cell1 and Cell2, UE2’s is 3-point CoMP measurement set, including Cell1, Cell2 and Cell3, and UE3’s 2-point CoMP measurement set comprises Cell1 and Cell3. The cell can be any kind of nodes, macro eNB, LPN, RRH, etc.
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Figure 1 CoMP UEs with UE-specific CoMP measurement sets
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Figure 2 Configuration of UE-specific IMRs

In Figure 2, the configuration of different CSI-RS REs used for signal and interference measurement is illustrated. For the per-cell signal power measurement, orthogonal resources are configured as {RE1, RE2, RE3}, on which non-zero-power CSI-RS {CSI-RS1, CSI-RS2, CSI-RS3} are sent from Cell1, Cell2, and Cell3, respectively. By detecting each configured CSI-RS, the per-CSI-RS-resource signal power can be estimated by each UE. On the same non-zero-power CSI-RS resource, the interference power without muting can also be measured by removing the signal power from the overall received power, in a similar way as that of CRS-based interference measurement in Rel-10. Such interference power without muting is averaged and used to calculate per-cell CQI without muting. 
As shown in Figure 2, for UE1 with CoMP measurement set of Cell1 and Cell2, RE1 and RE2 are used to obtain the signal power from Cell 1 and Cell2 by detecting CSI-RS1 and CSI-RS2, respectively; with the knowledge of CSI-RS RE1, RE2 and RE3, UE2 can estimate the per-cell signal power at Cell1, Cell2 and Cell3; similarly, UE3 can measure the signal power of Cell1 and Cell3 based on the indicated CSI-RS RE1 and RE3. 
Besides the per-cell signal power, each UE can also obtain the interference without muting off the power at its neighbour cells respectively. It is efficient to use the non-zero-power CSI-RS resource to obtain both signal power and the interference power without muting. The configuration of other IMRs for measuring interference power without muting renders additional overhead and signalling.

Observation: 
· Assuming maximum 3-point CoMP measurement set, maximum 3 non-zero-power CSI-RS resources are configured to measure signal power of each point in CoMP measurement set. The configured non-zero-power CSI-RS resources can be reused to measure the interference without muting so as to avoid additional overhead of IMRs.
On the other hand, the interference with muting can be measured by using the zero-power CSI-RS REs, independent from non-zero-power CSI-RS resource. According to the Rel-10 concept of zero-power CSI-RS resources, a UE knows that its PDSCH transmissions are rate-matched around these resources creating a set of muted REs. In Rel-11, the UE does not need to know which cell is muted off on the configured zero-power CSI-RS resources but only measure the received signal power on the informed position of zero-power CSI-RS REs. As shown in Figure 2, the resources for the measurement of interference with muting are configured as zero-power CSI-RS {REa, REb, REc, REd}. On REa, muting pattern Ma is applied, where the transmit power from Cell1 and Cell2 are turned off. On REb, the muting pattern Mb is used to mute the interference from Cell1 and Cell3. On REc, the muting pattern Mc is used so that there is no interference from Cell2 and Cell3. While, on REd, the muting pattern Md is used to exclude the interference of Cell1, Cell2 and Cell3. With the knowledge of the specific interference measurement REs, the interference power is estimated by directly calculating the average received power. This is a straightforward solution where the UE would be relieved from computing the residuals in order to estimate the interference. 

With the knowledge of zero-power CSI-RS REa~REd positions, the interference power can be measured, respectively, as
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For UE1 with CoMP measurement set of Cell1 and Cell2, the interference with muting on Cell1 and Cell2 is estimated on REa. Assisted by the RRC signal from network, the CQI with muting for UE1 can be calculated as
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For UE2 with CoMP measurement set of Cell1~3, the multiple types of interference can be measured on REa~REd. Assisted by the RRC signal, the per-cell CQI with muting for UE2 can be calculated as
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For UE3 with CoMP measurement set of Cell1 and Cell3 cooperating cells, only REb is needed to measure the muted interference. Assisted by the RRC signal from network, the CQI with muting for UE3 can be calculated as
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Considering maximum size of CoMP measurement set is equal to 3, multiple zero-power CSI-RS IMRs should be allowed to measure interference with muting to support variable CoMP schemes. Due to UE-specific configuration of IMRs, the downlink signalling for indicating the configured REs is also preferred to be UE-specific. The specification support is needed to notify the UE to measure the interference on specific configured REs as well as calculating the required CQI. The signalling format of non-zero-power CSI-RS and zero-power CSI-RS can be reused as much as possible with slight specification impact. By configuring zero-power CSI-RS, there are no additional backward compatibility issues to Rel.10.
Observation: 
Assuming maximum 3-point CoMP measurement set, maximum 4 zero-power CSI-RS resources should be configured to measure the interference with muting.

As we discussed in [1], it costs less overhead of configured CSI-RS resources to use zero-power CSI-RS resources as IMRs of interference with muting, independent from that of signal measurement. Also, it enables accurate estimates of interference power with low UE implementation complexity. Therefore, we propose
Proposal: 
· Assuming maximum 3-point CoMP measurement set, maximum 7 CSI-RS IMRs should be allowed to measure interference with/without muting to support variable CoMP schemes.
· For interference with muting, maximum 4 zero-power CSI-RS resources should be configured as IMRs; and the signalling of zero-power CSI-RS resource configuration should be specified
· For interference without muting, maximum 3 non-zero-power CSI-RS resources, which are configured to measure per-point signal power, should be reused as IMRs to avoid additional overhead of IMRs; and the signalling of non-zero-power CSI-RS resource configuration should be specified.
3 Conclusions

In this contribution, we state our views on the remained issues, which should to be decided for interference measurement resource (IMR) in RAN1#69 meeting.
Proposal:

· Assuming maximum 3-point CoMP measurement set, maximum 7 CSI-RS IMRs should be allowed to measure interference with/without muting to support variable CoMP schemes.
· For interference with muting, maximum 4 zero-power CSI-RS resources should be configured as IMRs; and the signalling of zero-power CSI-RS resource configuration should be specified
· For interference without muting, maximum 3 non-zero-power CSI-RS resources, which are configured to measure per-point signal power, should be reused as IMRs to avoid additional overhead of IMRs; and the signalling of non-zero-power CSI-RS resource configuration should be specified.
Here, the interference power with muting denotes that the transmit power at the point(s) in CoMP measurement set is turned off for interference estimation assuming the employment of certain CoMP scheme, where the specific muted point is transparent to UE.
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