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1 Introduction

Interference measurement (IM) plays a key role in wireless communications. More explicitly, CQI calculation in CoMP imposes specific requirements for IM, since the impact on system performance due to poor measurement quality is significantly higher than that in previous LTE releases. According to the agenda of RAN1#67 meeting [1] and the CoMP WI [2], it is necessary to consider IM enhancement for downlink reference signals.
In this contribution, we discuss the issues of IM for CoMP and provide some possible solutions.
2 Issues of interference measurement
According to TR36.819 [3], it is suggested that the feedback CQI only accounts for the interference outside the measurement set. In other words, the interference from the CoMP transmission points should be excluded from the CQI calculation for CoMP UEs. As the interference occurs within the coordinated set the interference can be eliminated via cooperation among the transmission points, which is one of the essential objectives introducing CoMP techniques, it is reasonable for a UE to report a CQI based only on the interference outside the coordinated set.
IM is typically performed on CRS. However, the interference measured on CRS REs does not necessarily represent the actual statistical characteristics of interference occurring at data REs in PDSCH even in non-CoMP operation. For instance, in a lightly-loaded network, data REs may generally suffer much lower interference than CRS REs do, since in this case the dominant source of interference comes from the CRSs of neighboring points, which are always on despite of the system load. Although in a heavily-loaded network the difference between interference occurring on data and CRS REs would get smaller, CRS REs statistically suffer a stronger interference than data REs in PDSCH. Simulation results in [4] show that the gap can be 2.5-5 dB in lightly-loaded networks. Hence, the interference statistics collected from measurement on CRS may be considered as the upper bound of the actual interference imposed on the data REs in PDSCH. As a result, the UE will report an over-pessimistic CQI to the serving point which may thereby select a lower-than-necessary TM and MCS for it. This inevitably degrades the UE’s achievable throughput performance.
Furthermore, in CoMP Scenarios 1-3, if the IM is based on CRS only, as it is the case in previous releases except TM9, the corresponding measurement results would be even more over-pessimistic than in non-CoMP scenarios. This may be explained as follows. Since the points in the coordinated set represent the points that are mostly suitable for CoMP transmissions, their signal strength must be strong enough to support CoMP. This means that the resultant interference imposed on the serving point from coordinated points would constitute the most significant part of the overall interference measured on, for example, CRS REs. By contrast, the strong data-on-data interference occurring in PDSCH would have been minimized by employing CoMP techniques. In other words, the gap in terms of interference between measurement results on CRS REs and those on data REs can be even larger, compared with the gap observed in legacy systems. Based on the above arguments, we conclude that current CRS-based IM function for data REs needs to be enhanced for CoMP Scenarios 1-3.

On the other hand, CRS-based IM may not be applicable for CoMP when scenario 4 is taken into accounted. In scenario 4, since all points in the cooperating set are inside the macro area and share the same cell ID, the same CRS signal will be transmitted on the same REs. When the IM performed by the UEs served by only one of these points is based on CRS, since the interference from the other points in the same cooperating set is eliminated, the UE will therefore report an over-optimistic CQI. This inevitably results in an unnecessarily high number of re-transmissions.
Observation: CRS-based IM for data REs needs to be enhanced for CoMP.
3 Comparison of candidate solutions
In order to obtain more accurate IM results for CoMP operations, it is necessary to design IM enhancement methods for CoMP UEs. A number of possible schemes can be considered:
· Alt-1: Use of new muted REs in PDSCH;
· Alt-2: Use of zero-power CSI-RS;
· Alt-3: Use of non-zero-power CSI-RS.
3.1 Alt-1: Use of new muted REs in PDSCH

One way is to designate new muted REs in PDSCH for Rel-11, for the sake of facilitating interference estimation at UEs. More specifically, in this scheme no signal is transmitted at the muted REs from all transmission points in the coordinated set. Then the received power at those REs can accurately represent the actual interference outside the coordinated set. This method is capable of providing accurate measurement results and also simplifying implementation.

There are several aspects to be considered on the design of the muting pattern:

· The impacts on legacy UEs should be considered, ensuring an optimum trade-off between measurement accuracy and performance loss of legacy UEs. This issue however can be eliminated, if legacy UEs are not scheduled in the RBs where muted REs are present;
· The hopping pattern of the IM-specific muted REs should be designed in the way such that IM accuracy can be improved over existing mechanism;
· The density of the IM-specific muted REs should be carefully evaluated, which is a trade-off between estimation accuracy and overhead.
3.2 Alt-2: Use of zero-power CSI-RS

In Rel-10, the network can configure zero-power CSI-RS resources for a UE to estimate interference. In this case, no CSI-RS signal is transmitted at the zero-power CSI-RS REs from all the transmit points in the coordinated set, and thus the interference measured in those REs may be considered as interference from the transmission points outside the coordinated set. However, recall that the minimum granularity of zero-power CSI-RS is 4 REs/RB, which may be excessive for purpose of interference measurement. According to our simulation results on PDSCH muting [7], we suggest that unnecessary muting overhead should be minimized to avoid significantly degrading the achievable system performance. In other words, their granularity should be further reduced, if zero-power CSI-RS are exploited for IM purpose.
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Fig. 1: CSI-RS pattern designed for normal CP in Rel-10.
3.3 Alt-3: Use of non-zero-power CSI-RS
Another alternative is to perform IM with the aid of non-zero-power CSI-RS. A general way is that the UE subtracts the contribution of the transmission points from the overall interference by estimating the CSI-RS from its serving point. This is actually a UE implementation dependent solution which requires no additional specification impact. However, it imposes an increased computational complexity at UE and the IM accuracy is subject to the performance of the channel estimator. According to [6], the interference estimation result can not be guaranteed by the CSI-RS density of 1RE/PRB/port as in Rel-10.
In summary, the comparison of the different IM methods discussed above is concluded in Table 1.
Table 1: Comparison of potential IM enhancement methods for CoMP in Rel-11.
	Method
	Advantages
	Disadvantages

	Alt-1(new muted PDSCH REs)
	- Accurate IM results
- Flexible muting pattern configurations
- Scalable overhead to meeting various accuracy  requirements
	- Impact on legacy UEs

- Medium standardization impact

	Alt-2 (zero-power CSI-RS)
	- Moderate specification impact
- No extra reduction in PDSCH resources compared to Rel-10
- Low standardization impact
	- Higher overhead due to the large number of muted RE
- Less flexibility due to constraints from muting pattern configurations

	Alt-3 (non-zero-power CSI-RS)
	- Low specification impact
- No extra overhead
	- High computational complexity at UE
- IM accuracy depends on channel estimation accuracy


Base on the aforementioned analysis, we slightly prefer Alt-1, given its advantages of higher flexibility, lower overhead and low implementation complexity for UE. Furthermore, considering the potential high workload in RAN1 and RAN4 for Alt-1, we think Alt-2 is also acceptable as a fallback solution.

Proposal 1: Consider defining new muted PDSCH REs to facilitate enhanced interference measurement in Rel-11.
Proposal 2: Use of zero-power CSI-RS can be a fallback solution for enhanced interference measurement in Rel-11.

4 Conclusion
In this contribution, we have discussed the issues of interference measurement for CoMP and analyzed three possible solutions. Our proposal is summarized below:
Proposal 1: Consider defining new muted PDSCH REs to facilitate enhanced interference measurement in Rel-11.
Proposal 2: Use of zero-power CSI-RS can be a fallback solution for enhanced interference measurement in Rel-11.
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