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1 Introduction

In RAN1 #63 meeting, the following agreements are reached [1]: 
· 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
In the email discussion after RAN 1 #63bis, the following TP was agreed for periodic feedback reference resource definition with resource-restricted CSI measurement is configured, with two open issues for  further discussions [2]: 
· A UE is configured with resource-restricted CSI measurements if the set of subframes CCSI,0  and the set of subframes CCSI,1 are configured by higher layers.
· If the set of subframes CCSI,0 and the set of subframes CCSI,1 are configured by higher layers, each CQI reference resource belongs to either CCSI,0 or CCSI,1. 

· A downlink subframe shall be considered to be valid if

· for periodic CQI reporting if the UE is configured with resource-restricted CSI measurements, it is an element of the set of subframes linked to the report.
The open issues are 

· whether any additional sentence is needed regarding the conditions reflected by the CQI report, and 
· which subset(s) is related to aperiodic CQI reporting. 

LS will be sent to RAN4.
The aperiodic CQI report with resource restricted CSI measurement configured is addressed in a companion contribution [3]. This contribution discusses the necessity of additional sentence regarding the conditions reflected by the CQI report.
2 Discussion of the related texts in the specifications
From the agreement during RAN1#63 meeting, it is clear that we agreed to enable CQI feedback based on interference measurement in restricted subsets. The question is how to capture this in the spec. During the email discussions, there are 2 kinds of approaches:

    - Option 1: Define in TS 36.213 the reference resource to be of the corresponding subset without restricting the UE measurement behavior. In addition, RAN4 needs to define appropriate test case to ensure that UE's CQI feedback is indeed a representative of the channel and interference conditions of the reference resource.

    - Option 2: Define in TS 36.213 the reference resource to be of the corresponding subset as well as some restriction on the UE measurement behavior. This does not preclude that RAN4 needs to define appropriate test case.

In the agreed TP [2], the reference resource is defined to be of the configured and linked subset. Therefore, the difference of the two options is whether additional text is needed in RAN1 specification (TS 36.213) to explicitly define measurement restrictions. To compare these two options, a few issues need to be discussed first.

First, is RAN4 test case sufficient to ensure the agreed UE behavior? If the answer is no, we should adopt option 2. If the answer is yes, then both can be considered. The reason some companies think RAN4 test is sufficient is that, in Rel-8/9, test case is defined for subband feedback without any restriction on the UE measurement behavior in RAN1 spec. It is worth to point out that there is some difference here between the subbands and the subframe subsets. For subbands, it is natural that they may have different channel conditions. Therefore, defining test case of uneven interference levels across subbands may be a sufficient approach to ensure appropriate UE behavior and that CQI is of representative of the reported subband. However, for CSI measurement subsets, unless it is defined in the specification that the interference condition inside and outside of a subset could be dramatically different, the UE knows nothing about the nature of these subsets. 

Second, if the RAN4 test case is to ensure the agreed UE behavior, why not define such UE behavior explicitly in TS 36.213? For example, in order to ensure that "CSI (CQI,PMI,RI) feedback based on interference measurement in restricted subsets of subframes", the test case should have largely different levels of interference inside and outside of a subset, which basically rule out averaging interference outside of the subset in order to pass the test. If this is the case, defining this agreed (and enforced) UE behavior explicitly in TS 36.213 is a natural way to capture the agreement.
Third, which option ensures the performance benefit from eICIC schemes? Note that the performance of eICIC scheme very much relies on appropriate UE measurement behavior as given in the agreement above. The RAN4 test case involves so many factors and need to be carefully designed in order to serve this purpose. 

Based on the discussions, the following proposal may be a good compromise.
1. Define “resource-restricted CSI measurements” in TS 36.213 without explicitly limiting UE implementation.

2. Add text about what the UE may assume of the interference condition of the subframe subset CCSI,0 and CCSI,1.
3. Express RAN1 expectations of the related test case in the LS to RAN4.
In the following section a text proposal is provided.
3 Text Proposal
TS36.213 v10.0.1, Section 7.2
[…]

A UE in transmission mode 8 [or 9] is configured with PMI/RI reporting if the parameter pmi-RI-Report is configured by higher layer signalling; otherwise, it is configured without PMI/RI reporting.

A UE is configured with resource-restricted CSI measurements if the set of subframes CCSI,0  and the set of subframes CCSI,1 are configured by higher layers.
When performing resource-restricted CSI measurements, the UE may assume that the interference conditions are similar for subframes within a configured set of subframes CCSI,0 (or CCSI,1) but can be quite different without.
[…]

TS36.213 v10.0.1, Section 7.2.3

Based on an unrestricted observation interval in time and frequency, the UE shall derive for each CQI value reported in uplink subframe n the highest CQI index between 1 and 15 in Table 7.2.3-1 which satisfies the following condition, or CQI index 0 if CQI index 1 does not satisfy the condition:

· A single PDSCH transport block with a combination of modulation scheme and transport block size corresponding to the CQI index, and occupying a group of downlink physical resource blocks termed the CQI reference resource, could be received with a transport block error probability not exceeding 0.1. 

If the set of subframes CCSI,0 and the set of subframes CCSI,1 are configured by higher layers, each CQI reference resource belongs to either CCSI,0 or CCSI,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 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  and less, and

· it does not fall within a configured measurement gap for that UE, and

· for periodic CQI reporting if the UE is configured with resource-restricted CSI measurements, it is an element of the set of subframes linked to the report.

If there is no valid downlink subframe for the CQI reference resource, CQI reporting is omitted in uplink subframe n.
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