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1 Introduction

In CoMP WID [1], which has been agreed in the 3GPP RAN #53 meeting, channel and interference measurements have been considered as:
· Enhancements and requirements on downlink reference signals 

· enhancements to improve interference measurements

· enhancements to identify and measure the downlink channel status of multiple transmission points
· consider performance requirements for flexible mapping of antenna ports to transmission points
Considering the several different scenarios and system implementation of CoMP, interference measurements may need to be enhanced to satisfy the requirements for CSI and CQI feedback for CoMP. This paper discusses how to measure interference and requirements on potential enhancements.
2 Interference Measurements for CoMP
For accurate CQI report and link adaptation, a UE should estimate both channel and interference correctly. In Rel-11, considering the new scenarios and multiple transmission methods of CoMP, accurate interference measurements may need more stringent requirements than with single-point transmissions. Whatever the measurement method and the resource used to take the measurements, the interference reported in the CQI should reflect the interference that the PDSCH experiences.

Before discussing specific interference measurement enhancements, it should first be clarified:
· Which signals/points will be seen as interference for a CoMP UE?
· Are Rel-10 interference measurements not accurate enough? How much benefit would be achieved if interference measurements were enhanced?
2.1 Requirements for CoMP interference measurements
Which signal/point will be seen as interference for a CoMP UE? For different CoMP schemes, different types of interference are seen by a CoMP UE:
· For JT, the PDSCH experiences interference from all the points/cells outside of the joint transmission set. The transmission set in the actual joint transmission may or may not be known to the UE, which may lead to mismatch between the transmission set assumed by the UE in the CQI report and the actual transmission set in the scheduled joint transmission. A more accurate assumption on interference points is achieved if the transmission set is semi-statically configured. 
· For DPS, the desired part of the signal is related to the dynamically selected transmission point, while signals from all other points/cells will be interference. Considering CQI measurements for each point in the CoMP measurement set, channel and interference should be measured correspondingly based on the assumption of the transmission point selection.
· For CS/CB, the point/cell that transmits the PDSCH is static, which results in that all signals not originating from that point/cell will be considered as interference. In case of CS/CB, the spatial characteristics of the precoder from each interference point should be considered.
Additionally, for some point/cell, complete blanking or partial blanking of the PDSCH region may be configured. If complete blanking is configured, no interference will be generated from the corresponding point/cell. If partial blanking is configured, i.e. CRS or PBCH would still be transmitted on some REs corresponding to PDSCH REs, the interference from the corresponding point/cell should not be ignored. This interference could have a large impact on the PDSCH SINR.
Observation 1: for each CoMP scheme, considering the coordination method, the interference should:

· Include signals from all the points/cells outside of the transmission set or coordination set.
· Consider the actual resource elements causing interference to the PDSCH

· Not include signals from the point/cell the UE assumes as transmitting the PDSCH

· Not include signals from the point/cell with blanking on some or all resource elements
For CoMP schemes, interference distribution is related to the different coordination method and coordinated set. In order to determine whether more accurate CQI measurement can be obtained with new measurement requirements, interference measurements for different CoMP scheme should be studied. 

2.2 Discussion on methods for CoMP interference measurements
In Rel. 8/9/10, no coordination was considered, and interference measurements are assumed to be based on CRS. In Rel. 11, it should first be investigated whether existing interference measurements methods can be used in new scenarios with CoMP schemes and whether interference measurements should be enhanced. 
Rel. 8/9/10 interference measurements are assumed based on CRS, which are 
· Cell-specific, not point-specific and not UE-specific
· With small reuse factor, resulting in high possibility of collision of CRS from several cells/points
Measurements of interference on CRS even without CoMP are not entirely accurate. By measuring the interference experienced by the UE on the REs where CRS of the serving cell is transmitted, a UE makes the assumption that its future PDSCH would experience the same interference. However, CRS may collide with PDCCH or PDSCH from other cells. In real conditions with bursty traffic, the interference environment may change between the time of measurements and the time of receiving a PDSCH. The spatial characteristics of the precoder at interference points may also change from subframe to subframe. It is unlikely that enhancements to interference measurements in Rel-11 would be able to better address these aspects. So in the following, we mostly focus on aspects specific to CoMP operations.
Utilizing the same interference measurements based on CRS as Rel. 8/9/10, interference measurements in some CoMP cases will be inaccurate. On example can be found in scenario 4, where all the points with the same cell identity may transmit the same CRS in same REs in a SFN manner. If only one point transmits the PDSCH to a UE, signals from all the other points should be measured as interference. But if the interference is measured on CRS, all interference originating from within the cell will be zero. Especially for cell edge UEs served only by one LPN, the true interference from the macro point would be ignored, resulting in overly optimistic CQI report.
From the above analysis, it can be seen that measurements based on interference experienced on CRS REs might introduce more inaccuracies due to CoMP transmissions than in single-point transmissions. More investigations should be conducted to determine the impact on the performance. In particular, it should be investigated whether it can be sufficient to adjust CRS-based interference measurements using channel measurements of transmission points in the CoMP measurement set.
Observation 2
· For some new scenarios and CoMP schemes, interference measurements based on interference experienced on CRS REs may not reflect the interference as experienced on the CoMP PDSCH.
If it is found that interference measurements on CRS introduce unacceptable performance loss in CoMP transmissions, other types of resources should be considered for interference measurements. In this case, particular attention should be paid to Rel.8/9/10 UEs in order to avoid performance degradation to these UEs. If possible, it would be preferable that new potential interference measurements should be based on some existing resource or reference signals, e.g. CSI-RS.
Proposal 1: More investigations should be conducted to determine the impact on the CoMP performance for each CoMP scheme considered for specification in Rel-11 if interference measurements are based on CRS for CoMP UEs.

· If new requirements for interference measurements are needed for CoMP in Rel-11, strive for reusing existing resources or reference signals.
· The impact to legacy UEs should be evaluated if new resources or reference signals are defined for Rel-11 interference measurements.
Considering multiple point/cell interference coordination, interference for different time and frequency resource block may be different in strength or spatial direction, which would require multiple interference measurements and filtering to be processed for different resource blocks. If the PDSCH experiences interference with different characteristics such as strength or spatial direction, it would be better for the UE to be capable of measuring these characteristics and feedback the corresponding CQI with corresponding accuracy in frequency and time-domains. One natural way of achieving this is to reuse existing subband CQI and short-term CQI feedback.

Proposal 2: To accurately capture varying interference characteristics in time and frequency domains, interference measurements should be reported as part of the CQI feedback.
Considering the switching between non-CoMP scheme and CoMP scheme and if new interference measurements are needed for CoMP, both the CQI for the two schemes should be available in the scheduler, which may require the interference for at least two cases. More than two cases may in fact be needed considering the support of DPS and DPB.
Since multiple interference measurements can not be based on the cell-specific CRS at least in scenario 4, and thanks to the flexible multiple non-zero-power CSI-RS resource and zero-power CSI-RS resource UE-specific configurations, CSI-RS provide a possible resource for measuring the multiple type of interferences needed for CQI and the scheduler. The detailed design of the CSI-RS resources for each cell to guarantee the measurement of interference should be studied further.

Proposal 3: multiple CSI-RS resource configuration, non-zero-power or zero-power, can be a possible way to measure interference needed for CoMP schemes, and should be studied further. Strive to reuse existing resources to avoid impact to legacy UEs.
3 Conclusions
Based on the discussion on interference measurements for CoMP, the following observations are made: 

Observation 1: for each CoMP scheme, considering the coordination method, the interference should:

· Include signals from all the points/cells outside of the transmission set or coordination set.
· Consider the actual resource elements causing interference to the PDSCH

· Not include signals from the point/cell the UE assumes as transmitting the PDSCH

· Not include signals from the point/cell with blanking on some or all resource elements
Observation 2
· For some new scenarios and CoMP schemes, interference measurements based on interference experienced on CRS REs may not reflect the interference as experienced on the CoMP PDSCH.
Accordingly, the following are proposed for channel and interference measurements in Rel-11:

Proposal 1: More investigations should be conducted to determine the impact on the CoMP performance for each CoMP scheme considered for specification in Rel-11 if interference measurements are based on CRS for CoMP UEs.

· If new requirements for interference measurements are needed for CoMP in Rel-11, strive for reusing existing resources or reference signals.
· The impact to legacy UEs should be evaluated if new resources or reference signals are defined for Rel-11 interference measurements.
Proposal 2: To accurately capture varying interference characteristics in time and frequency domains, interference measurements should be reported as part of the CQI feedback.
Proposal 3: multiple CSI-RS resource configuration, non-zero-power or zero-power, can be a possible way to measure interference needed for CoMP schemes, and should be studied further. Strive to reuse existing resources to avoid impact to legacy UEs.
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