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1. Introduction
CQI reference resource has been specified in the CQI definition [1]. However, this description is based on the assumption of CRS channel estimation. Following characteristics may impact the definition of CQI reference resource:
· Channel estimation is done over CSI-RS which is not available in every subframe;
· Available measurement subframes are restrictive in HetNet.
Keeping these in mind, we will discuss CQI reference resource in R10.
2. Discussion
2.1. CQI reference resource in R8/9

The CQI reference resource is defined as follows:

In the frequency domain, the CQI reference resource is defined by the group of downlink physical resource blocks corresponding to the band to which the derived CQI value relates.

In the time domain, the CQI reference resource is defined according to two rules: CRS is available in the CQI reference resource and UE has enough time to calculate the CQI.

2.2. CQI reference resource in R10

The CQI reference resource in the frequency domain can be still defined as in R8/9. However, the CQI reference resource in the time domain needs to be changed due to the periodicity of CSI-RS and the restricted measurement subframes in HetNet. 
2.2.1 CQI reference resource in homogeneous

Due to CSI-RS being not available in every subframe, the CQI reference resource should be defined in a subframe with CSI-RS. Therefore, the definition of valid downlink subframe should add the limitation as following:
· For the PDSCH transmission in transmission mode 9, the downlink subframe is considered to be valid if it contains CSI-RS.
For periodic CSI feedback, CQI reference subframe is the latest valid downlink subframe and the interval between CQI reference subframe and CSI-RS reporting subframe is larger than or equal to 4.
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Figure1 CQI reference subframe in periodic CQI feedback
For aperiodic CSI feedback, the definition of CQI reference subframe could be various and the impact of system performance and complexity is also different.
Scheme1: CQI reference subframe is the latest valid downlink subframe before or at the corresponding CQI request.
     Pros: CQI request is flexible and the impact of system performance is small
    Cons: CSI-RS channel estimation is always needed, as CQI request is random. And the interval between CQI reference subframe and CQI reporting subframe is variable, which will lead to the complexity of eNodeB to predict channel.
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Figure2 CQI reference subframe in aperiodic CQI feedback (Scheme1)
Scheme2: CQI reference subframe is the corresponding CQI request subframe and CQI request should be limited in the CSI-RS subframe.
     Pros: The interval between CQI reference subframe and CQI reporting subframe is fixed and eNodeB can adjust CQI easily.

    Cons: When eNodeB requires CQI feedback, it cannot request immediately. Loss of CQI request flexibility will degrade system performance, especially for long CSI-RS periodicity. In addition, multiple CQI requests converged in single subframe and may occupy a lot of PDCCH resources, especially due to scarce CSI-RS subframes. This also may impact the scheduling of PDSCH and PUSCH.
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Figure3 CQI reference subframe in aperiodic CQI feedback (Scheme2)

Scheme3: CQI reference subframe is the first CSI-RS subframe after CQI request and the interval between CQI reference subfame and CQI reporting is larger than or equal to 4ms.
     Pros: The interval between CQI reference subframe and CQI reporting subframe is fixed and eNodeB can adjust CQI easily.

    Cons: The interval between CQI request and CQI reporting is variable and thus the delay of CQI feedback could be large especially for long CSI-RS periodicity. Gain from aperiodic CQI feedback will be impacted. Aperiodic CQI from multiple CQI request subframes may be reported in the same subframe,which will increase the complexity  of eNodeB scheduler. And this may also impact the scheduling of PUSCH.

[image: image4.emf]CQI 

Reporting

(CSI-RS)

CSI-RS CSI-RS

nCQI_ref

CQI reference subframe CQI reporting subframe

CQI

request


Figure4 CQI reference subframe in aperiodic CQI feedback (Scheme3)
From the system performance point of view, scheme 1 is to be the first choice.
2.2.2 CQI reference resource in HetNet

In the HetNet scenario, almost blank subframe (ABS) is introduced to reduce or eliminate interference from macro cells. The channel conditions in the ABSs and non-ABSs are completely different, especially for the level of interference. In order to increase the validity of measurement feedback, measurement set needs to be specified. For example, a user in pico cell is scheduled in ABS, if it only uses reference signal in ABS to measure interference, the outcome is similar as it experiences. If it uses reference signal in non-ABS to measure interference, the outcome is usually larger than it experiences. Therefore, UE should measure channel in specified measurement subframe/s.

Subframes for interference measurement should be limited further:
· If information of measurement subframe set is received in HetNet, the downlink subframe is considered to be valid if it belongs to the measurement subframe set.

According to the outcome from [4], signal strength measurement in different measurement subframes is quiet different. Hence, subframe for signal strength measurement should also belong to measurement subframe sets for interference measurement. For transmission mode 9, signal strength is measured by CSI-RS. In this case, measurement subframe set should contain CSI-RS subframes. This needs to limit configuration of measurement subframe set and CSI-RS subframes. 
For an UE, which is configured in transmission scheme 9, the valid downlink subframe should satisfy at least two rules:

· It contains CSI-RS;

· It belongs to measurement subframe set.
3. Conclusions
In this contribution, we discuss CQI reference resource in R10 with the following proposals: 

· The CQI reference resource in the frequency domain can be still defined as in R8/9. 
· The definition of valid downlink subframe in CQI reference resource should be further limited:
· For the PDSCH transmission in transmission mode 9, the downlink subframe is considered to be valid if it contains CSI-RS.

· If information of measurement subframe set is received in HetNet, the downlink subframe is considered to be valid if it belongs to measurement subframe set.
· The CQI reference resource in the time domain could be modified as following:

· For periodic CSI feedback, CQI reference subframe is the latest valid downlink subframe and the interval between CQI reference subframe and CSI-RS reporting subframe is larger than or equal to 4.

· For aperiodic CSI feedback, CQI reference subframe is the latest valid downlink subframe before or at the corresponding CQI request.
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