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1. Introduction
In CoMP WID [1], it was agreed to do

· Enhancements and requirements on downlink reference signals 

· enhancements to improve interference measurements

In this contribution, we describe problems of interference measurement for CoMP operation and discuss some possible solutions. The potential specification in support of DL CoMP operation is also summarized.
2. Interference measurement problem for CoMP operation
The gain of CoMP comes largely from the channel-dependent scheduling, and accurate CQI estimation is essential in implementing channel-dependent scheduling. Since CQI is used to reflect the ratio between signal and interference-plus-noise, accurate interference measurement is very important for CQI estimation of CoMP transmission.
Introducing of CoMP transmission complicates the problem of interference measurement. There are a number of different transmission schemes, including MIMO, CS/CB, DPS, JT, and etc. The complexity of interference measurement comes from the fact that interference sources of a UE could be varied. With different schemes, UE will see different source of interference. Even with the same transmission scheme, the measurement set and transmission set of each UE may be different depending on UE’s location, which also makes UE see different source of interference. To describe the problem more clearly, we give an example in Figure 1. Three types of UEs are illustrated in the figure, which includes a cooperation cluster consisted of 3 transmission points (TP).
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Figure 1: Different types of UE in a cooperation cluster
· UEs located closely to a single point
For example, for UE1 located in the center area of TP1’s coverage, the measurement set may consist of only one point, TP1. Signals from the other points are interference to UE1. 

· UEs located at the boundary of two points’ coverage
For example, UE2 is located at the boundary of TP1’s coverage and TP2’s coverage. If CoMP transmission is enabled, the measurement set is likely to include TP1 and TP2.  TP3 is still regarded as an interference source. In this case, UE2 should be able to estimate the interference from points other than TP1 and TP2.
Unlike UE2, another UE, UE4 which is located at the boundary of TP1’s coverage and TP3’s coverage, should be able to estimate the interference from points other than TP1 and TP3.
· UEs located at the boundary of three points’ coverage
A UE (UE3) located at the boundary of TP1’s, TP2’s, and TP3’s coverage is most likely to be served by all the three points, and then none of them will be interference. The interference comes from the area outside the three points.
Concretely, there are five main problems in current mechanism for interference estimation:

· A UE configured with different measurement sets may see different sources of interference. It is lucky that the estimated interference corresponds to the expected interference sources. However, it is more often that the estimated interference includes more or less sources. Having more sources, UE needs to get rid of the contribution of the specific point from the estimated interference. Having fewer sources, UE has to add the interference from the omitted points for needed interference estimation.  Both cases are rather difficult for UE, since relying on CRS or current CSI-RS, UE is unable to distinguish different sources of interference. 
· If the measurement set consists of multiple TPs, interference estimation based on CRS/CSI-RS of each TP may be different due to the configuration of zero-power CSI-RS. There are ambiguities in using which interference estimation.
· The accuracy of interference estimation based on CRS/CSI-RS depends heavily on the accuracy of channel estimation. If channel estimation accuracy is poor, the interference estimation accuracy will be greatly impacted, especially for CSI-RS whose density is very low.
· Thanks to the design and application of CSI-RS and zero-power CSI-RS, REs corresponding to the CSI-RS REs of neighboring points can be muted for more accurate channel estimation for neighboring points. However the muting mechanism cannot match the need when interference from neighbor points is required for CQI calculation in CoMP, particularly when this neighboring point is outside this certain UE’s measurement set. 
· For CoMP scenario 4, interference estimation on CRS is particularly problematical. Since CRS may be transmitted from all points within a cell, then only the interference outside the cell can be obtained whatever transmission scheme and measurement set, while signal transmitted within the cell may also be interference. For CoMP scenario 1/2/3, there is stronger interference on CRS REs than PDSCH REs since they are more likely to be interfered by the CRS transmitted from other cells, which is always enabled regardless of the system load.
3. Interference measurement REs
A possible solution is to introduce intentionally muted REs (interference measurement REs) for UE to estimate interference, which could reuse zero power CSI-RS or design new RS. 
On the interference measurement RE, no signal is transmitted from points in the UE’s measurement set. Then UE can simply estimate the interference outside the measurement set by measuring the received power on those REs. 
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Figure 2: Interference measurement RE configuration for measurement set {TP1}

With this type of interference measurement REs, the interference measurement described in Figure 1 can be made more accurately and easily. A UE with measurement set including only TP1 can be configured to estimate interference based on interference measurement RE shown in Figure 2. Similarly, a UE with measurement set consisted of TP1 and TP2 can estimate interference outside the measurement set on interference measurement RE in Figure 3, including TP3. With interference measurement RE configuration in Figure 4, a UE with measurement set consisted of TP1, TP2 and TP3 can estimate the interference outside the set of TP1, TP2 and TP3.
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Figure 3: Interference measurement RE configuration for measurement set {TP1, TP2}
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Figure 4: Interference measurement RE configuration for measurement set {TP1, TP2, TP3}
Advantages of this kind of interference estimation mechanism include:

· Interference estimation reflects the expected source of interference
As illustrated above, by properly setting the interference measurement REs, estimated interference can be made reflecting the expected source of interference.
· Improved estimation accuracy
Since no signal is transmitted from inside of the measurement set, received signal on interference measurement REs is purely interference and noise from outside of the measurement set. Simply averaging the received power on those REs could get accurate interference estimation. Algorithms based on CSI-RS/CRS should first estimate the channel coefficient between transmitter and UE, and then the contribution of CSI-RS/CRS is removed from the received power on REs occupied by CSI-RS/CRS. The remaining signal is regarded as interference and noise. It is obvious that, the interference estimation accuracy relies heavily on the accuracy of channel coefficient. When UE suffers bad channel condition, the estimated interference could not reflect the actual interference.
· Simplified UE implementation
Considering the estimation algorithm of proposed mechanism and CSI-RS/CRS based mechanism described above, UE implementation is obviously simplified.

· Marginal overhead
The additionally muted REs increase the total system overhead. However, density similar to that of CSI-RS for 2 ports (at most 4 ports) may be sufficient for interference measurement, which needs further evaluation. Therefore, the overhead can be marginal due to its sparsity in both time domain and time domain. The increased overhead can be as low as 0.2%, for example, if 4 REs/ PRB and 5 ms period is configured.
4. Specification in support of DL CoMP operation
By reusing most of the configuration and signaling of CSI-RS, the specification impact of interference measurement REs can be kept minimal. The following aspects can be considered while considering interference measurement REs design.
· Pattern design

· The pattern of interference measurement REs can reuse that of zero-power CSI-RS. 
· The density of zero-power CSI-RS may be redundant for interference estimation. The number of required REs/PRB for interference estimation needs further study to find best tradeoff between performance and overhead. 
· REs other than the CSI-RS pattern could also be explored.
· Duty cycle and subframe offset configuration could reuse that of CSI-RS.

· DL Signaling design
· The signaling for interference measurement REs is preferred to be UE-specific.
· The signaling format of CSI-RS and zero-power CSI-RS can be reused.
· For better estimation accuracy, backhaul design to exchange interference measurement RE pattern between eNodeBs may be needed.
· Multiple sets of interference measurement REs can also be considered. UE can estimate interference according to different interference sources, and different types of CQI can further be calculated simultaneously. For example, when UE is configured multiple measurement sets and required to report CQI according to each measurement set, UE may need to estimate multiple interference levels corresponding to each measurement set.
· Impact to legacy UE
· For Rel-8/Rel-9 UEs, the impact is the same as CSI-RS and zero-power CSI-RS.
· For Rel-10 UEs, it can be configured as zero-power CSI-RS without additional specification impact. 
5. Conclusions

In this contribution, we identify the problem of interference measurement for CoMP operation. 
Possible RS/RE for interference measurement and their comparisons are listed in Table 1. Further evaluations based on those solutions are recommended as a first step for:
· To decide whether channel measurement is involved in interference measurement


· To study and identify the required density of REs for interference measurement

· 
Pattern design of muted REs

· 
Signaling design
Table 1: Possible RS/RE for interference measurement and their comparisons

	
	CRS
	CSI-RS
	Zero-Power CSI-RS
	New REs for IM

	Applicable scenarios
	1-3
	1-4
	1-4
	1-4

	Manner to estimate interference 
	By calculation from channel measurement
	By calculation

from channel measurement
	By averaging received power
	By averaging received power

	Measurement on interference out of measurement set
	No
	Yes (depending on muting configuration)
	Yes
	Yes

	Depending on channel measurement accuracy
	Yes 
	Yes (suffering from low RS density)
	No
	No

	RS density
	High
	Low for channel measurement
	4 RE/PRB may not be necessary for all cases in interference measurement
	Needs more evaluation on 2 RE/PRB for interference measurement

	Indication for interference measurement resources
	Yes(RRC)
	Yes(RRC)
	Yes (RRC)
	Yes (RRC)

	UE implementation complexity
	High
	High
	Low
	Low
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