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1 Introduction
In RAN1 #63, the CQI reference resource definition was discussed [1] but no conclusion was made as CSI-RS transmission timing was under discussion at the time. 
The CQI definition in LTE is specified based on the assumption of CRS based PDSCH transmission. A number of new features in LTE-A may impact the way how CQI should be defined and calculated. In Rel-10, the channel estimation for CQI calculation is based on CSI-RS. Unlike the CRS, CSI-RS is not available in every subframe. In the case of carrier aggregation, the CQI across different component carriers (or cells) may be quite different due to different frequency reuse, carrier frequency, or loading. If almost blank subframes are used in heterogeneous networks, the CQI across subframes can also be quite different. 

In this contribution, we discuss a few aspects of CQI reference resource timing for LTE-A and make a specific text proposal to address this issue in Rel-10. The transmission assumption on the CQI reference resource is discussed in a companion contribution [2].
2 CQI reference resource timing in Rel-10
The current text in the latest 36.213 for Rel-10 regarding CQI reference timing is unchanged from Rel-8/9 as follows:

· In the time domain, the CQI reference resource is defined by a single downlink subframe n-nCQI_ref,
· where for periodic CQI reporting nCQI_ref  is the smallest value greater than or equal to 4, such that it corresponds to a valid downlink subframe;
· where for aperiodic CQI reporting nCQI_ref  is such that the reference resource is in the same valid downlink subframe as the corresponding CQI request in an uplink DCI format.

· where for aperiodic CQI reporting nCQI_ref  is equal to 4 and downlink subframe n-nCQI_ref corresponds to a valid downlink subframe, where downlink subframe n-nCQI_ref is received after the subframe with the corresponding CQI request in a Random Access Response Grant.

A downlink subframe shall be considered to be valid if:
· it is configured as a downlink subframe for that UE, and
· except for transmission mode 9, it is not an MBSFN subframe, and

· it does not contain a DwPTS field in case the length of DwPTS is 
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 and less, and
· it does not fall within a configured measurement gap for that UE.
If there is no valid downlink subframe for the CQI reference resource, CQI reporting is omitted in uplink subframe n.
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Figure 1. CQI reference resource timing in Rel-8/9
The Rel-8/9 timing of CQI reference resource is shown by the blue arrows in Figure 1. In essence, the CQI reference resource is defined in the latest downlink subframe that contains sufficient CRS and that the UE can process and generate the CSI report in time.
In Rel-10, we can certainly attempt reusing the same time domain definition of CQI reference resource as in Rel-8/9, which results in the first option of CQI reference resource timing as shown in Figure 2.
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Figure 2. Rel-10 CQI reference resource timing Option 1: Reuse Rel-8/9 timing
In Rel-10, however, since CSI-RS is not available in every subframe, the availability of CSI-RS should also be taken into account. One issue of reusing the CQI reference resource timing definition in Rel-8/9 is that it may force UE to implement channel prediction for CSI-RS based CSI feedback as shown by the red arrows in Figure 2, which is an undesirable outcome that we would like to avoid. 

This issue is particularly pronounced for aperiodic CSI feedback, whose report timing may be random relative to the CSI-RS timing. If the CQI reference resource timing is defined based on the report timing, e.g., with a fixed offset to the report timing, the CQI reference resource timing for aperiodic CSI feedback relative to CSI-RS may be random. This can cause issues in terms of UE complexity and testability (UE needs to predict from the channel measurement in the CSI-RS subframe to the CQI reference resource subframe with a variable prediction depth). 
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Figure 3. Rel-10 CQI reference resource timing Option 1: Defined on a CSI-RS subframe
An alternative – Option 2 – is to define the CQI reference resource in a subframe with CSI-RS (for a UE operating in transmission mode 9). This option is shown in Figure 3. This will simplify the CSI-RS based feedback timing as the feedback can be calculated simply based on the CSI-RS timing, thus removing the UE implementation complexity and testability issues caused by variable timing difference between the CSI-RS and the aperiodic CSI feedback.
Proposal: The CQI reference resource should be defined in a downlink subframe that contains CSI-RS.
3 CQI reference resource timing with time-domain ICIC
In RAN1 #63, it was agreed that CSI feedback based on interference measurement in restricted subsets of subframes is enabled through configured subsets of subframes indicated by CSI measurement subframe configuration. The agreement is as follows:

· CSI (CQI,PMI,RI) feedback based on interference measurement in restricted subsets of subframes is enabled through configured subsets of subframes indicated by CSI measurement subframe configuration

· Subframe subsets are signaled by RRC (e.g. with bitmaps of size matching the size of almost blank subframe pattern)

· 0 or 2 subframe subsets can be configured per UE

· Baseline is that the UE only reports CSI for each configured subframe subset

· If 0 subframe subsets are configured, this whole proposal does not apply. 

· The 2 subframe subsets may or may not be the complement of each other. 

· Signaling details are up to RAN2. 

· No mention of complementary subset in RAN1:  whether to introduce this is subject to feedback from RAN4 after discussion in RAN4.

· For aperiodic CSI reporting

· Working assumption for Alt a:

· Alt a: For CSI reporting instance at subframe n, UE shall report CSI feedback based on the subset containing the CQI reference resource

· As noted above, the case of the CQI reference resource not being contained in either of the configured subsets is FFS subject to feedback from RAN4 after discussion in RAN4

· Qualcomm, Ericsson, ST-Ericsson, TI, Huawei, HiSi, Nokia, NSN, CATT, IDC, Samsung, Motorola, Fujitsu, RIM, ALU, ASB

· Alt b: Follow same approach as for CA - confirm details after aperiodic CSI triggering decision for CA

· LG, DoCoMo, ZTE

· For periodic CSI reporting

· Explicit RRC configuration links each CSI feedback to a configured subset
Based on the agreement, the CQI reference resource timing for periodic CSI report can be defined straightforwardly. 
Proposal: For periodic CSI reporting, the CQI reference resource is located in the latest CSI-RS subframe n – nCQI_ref  (nCQI_ref  ( 4) within the configured subset that is linked to the CSI report in subframe n. The linkage is established by explicit RRC signaling.
For aperiodic CSI report, a similar proposal can be made as follows:
Proposal: For aperiodic CSI reporting, the CQI reference resource is located in the latest CSI-RS subframe n – nCQI_ref  (nCQI_ref  ( 4) within the configured subset that is linked to the CSI report in subframe n. The linkage is established implicitly based on CSI report timing.
The exact mapping from CSI report timing (subframe n) to the configured subset needs further investigation and is treated in [3].  
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Figure 4. CQI reference resource timing with time-domain ICIC

In addition, the activation/de-activation of SCell will also impact the CQI reference resource timing, which is discussed in [4].
4 Conclusions

In this contribution, we discussed the CQI definition of Rel-10, especially relating to CSI-RS. We make the following proposal: 

Proposal: 
1. The CQI reference resource is defined in a downlink subframe that contains CSI-RS.
2. For periodic CSI reporting, the CQI reference resource is located in the latest CSI-RS subframe n – nCQI_ref  (nCQI_ref  ( 4) within the configured subset that is linked to the CSI report in subframe n. The linkage is established by explicit RRC signaling.
3. For aperiodic CSI reporting, the CQI reference resource is located in the latest CSI-RS subframe n – nCQI_ref  (nCQI_ref  ( 4) within the configured subset that is linked to the CSI report in subframe n. The linkage is established implicitly based on CSI report timing.
4. Adopt the proposed text in the Appendix of this contribution in 36.213
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Appendix: Text proposal for CQI definition in Rel-10
The following changes are proposed for section 7.2.3 in 36.213.

7.2.3 Channel quality indicator (CQI) definition

The CQI indices and their interpretations are given in Table 7.2.3-1.

…

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 by a single downlink subframe n-nCQI_ref,
· where for periodic CQI reporting nCQI_ref  is the smallest value greater than or equal to 4, such that it corresponds to a valid downlink subframe;
· where for aperiodic CQI reporting nCQI_ref  is such that the reference resource is in the last valid downlink subframe no later than the corresponding CQI request in a DCI format 0.

· where for aperiodic CQI reporting nCQI_ref  is equal to 4 and downlink subframe n-nCQI_ref corresponds to a valid downlink subframe, where downlink subframe n-nCQI_ref is received after the subframe with the corresponding CQI request in a Random Access Response Grant.

A downlink subframe is valid if:
· it is configured as a downlink subframe for that UE, and
· it is not an MBSFN subframe, and

· it does not contain a DwPTS field in case the length of DwPTS is 
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 and less, and
· it does not fall within a configured measurement gap for that UE.
· If the PDSCH transmission scheme is assumed to be Transmission mode 9 as in Table 7.2.3-0, a downlink subframe is valid only if it contains CSI-RS.
If there is no valid downlink subframe for the CQI reference resource, CQI reporting is omitted in uplink subframe n.
· In the layer domain, the CQI reference resource is defined by any RI and PMI on which the CQI is conditioned.
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