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1
Introduction

In RAN1#63, CQI reference resource definition was briefly discussed [1]
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[2]. It has been identified that a number of Release 10 features will require some changes to the definition of CQI reference resource, in particular its timing with respect to the timing of the uplink report.
In this contribution we provide some views on CQI reference resource definition in Release 10.
2
CQI reference resource definition
Release 8 and 9 define CQI reference resource for the purpose of consistent, testable, CQI definition. According to TS 36.213: 

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. 

...

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 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 shall be considered to be 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 there is no valid downlink subframe for the CQI reference resource, CQI reporting is omitted in uplink subframe n.
In addition to previous observations, TS 36.213 states also that: 

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…
In Release 8 and 9, CQI computation is based on CRS. Hence one of the aspects addressed by the current CQI reference resource definition is that the CQI reference resource should contain enough CRS for CQI measurement while obviously, the CRS from the CQI reference resource are used for channel and interference estimation. Another aspect is that UE is left enough time to process the measurements before the uplink report has to be transmitted. Furthermore, the statement about unlimited observation interval in time and  frequency has been especially included for the purpose of allowing the UE to estimate and average interference over multiple subframes. 

Observation: Release 8/9 specifications allow interference measurement averaging across subframes.

2.1
Release 10 aspects

Multiple features specified in Release 10 might require changes to the CQI reference resource definition. Such features include:
· Periodic CSI-RS, e.g. the channel for CQI computation purposes can only be measured in specific subframes when the UE is configured into TM9.

· CSI-RS transmission in MBSFN subframes.
· Restricted CSI measurements for support of heterogeneous networks.
Periodic CSI-RS:

CSI-RS are transmitted only periodically, in other words they are not available for measurements in every subframe in contrast to CRS. In transmission mode 9, channel state information measurements are based on CSI-RS. In terms of CQI reference resource, this means that with Release 8/9 definitions the CQI reference resource might not contain CSI-RS. A simple example is shown in Figure 1 where CSI-RS periodicity is 5 ms. The typical CQI reference subframe for an UL report transmitted in subframe n would be subframe n-4 assuming it is a “valid” downlink subframe, however CSI-RS are not available there in this example. The CSI-RS between subframes n-4 and n can not be assumed to be used due to UE processing time constraints.
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Figure 1. CSI-RS periodicity with respect to reporting instant and the usual CQI reference resource.
Proposal to overcome the CSI-RS periodicity issue has been to make the last CSI-RS subframe the CQI reference resource in case the UE is configured to TM9 [1]
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[2]. However, this will not solve the issue of restricted CSI measurements discussed later since in such case the CSI-RS might not be located in the subset of subframes that the UE is supposed to measure.

CSI-RS transmission in MBSFN subframes:

As stated earlier, Release 8/9 specified that certain subframes, such as MBSFN and special subframes with a short DwPTS field are not allowed as a “valid” CQI reference subframe. This was also due to the fact that the limited number of common reference signals present in the control region is not providing reliable enough CQI computation. On the other hand, Release 10 supports CSI-RS transmission in MBSFN subframes, and therefore MBSFN subframes were already added to TS 36.213 as valid CQI reference subframes, even though this is somewhat neglecting the issue of interference measurement accuracy. However as long as the CQI is reported based on an unrestricted observation interval, UE implementation still has the freedom to utilize CRS available in other subframes for interference measurements. Such possibility of unrestricted observation interval should be kept also in Release 10, with some additional limitations to be discussed next.
Restricted CSI measurements:
Restricted CSI measurements intended for HetNet operation bring further complexity to the CQI reference resource definition. In RAN1#63 the following was agreed:
· 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 signalled 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. 

· Signalling 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

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

· For periodic CSI reporting

· Explicit RRC configuration links each CSI feedback to a configured subset

Related to this, it is relatively straightforward to do the necessary modifications to the CQI definitions in case of transmission modes 1-8 where the feedback is CRS-based. For example, in [3] it was proposed to define the CQI reference resource as the last subframe of the configured subset before subframe n-4. The interference averaging aspect can be taken into account by modifying the text on unrestricted observation interval as [3]
“Based on an unrestricted observation interval in time and frequency and subset of the subframes indicated by the CSI measurement subframe configuration, 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:”

However in case of TM9 in which the feedback is based on CSI-RS, the CSI-RS periodicity brings some further complications. In particular, CSI-RS might or might not be located in the subset of subframes that the UE is supposed to measure. This is illustrated in Figure 2. From this we can already observe that there will be cases in which the interference and channel measurements for CQI calculations can not be done in the same subframe(s).
Observation: When a UE is configured in TM9 and configured with a CSI measurement subframe configuration, there will be cases in which UE can not measure both channel and interference from the same subframe(s).
This leaves essentially two choices for the CQI reference subframe definition:

1. CQI reference resource is the last CSI-RS subframe before subframe n-4. Obviously the UE would still have to measure interference from the configured subset of subframes, which the CQI reference resource may or may not be part of. However, CQI reference resource might not be part of the CSI measurement subset, which contradicts the CQI definition.
2. CQI reference resource is the last subframe in the configured subset of subframes before subframe n-4. In this case the UE would have to then measure CSI from CSI-RS that may or may not be located in the same subset of subframes. However, in the worst case the CSI is mainly delayed, or possibly of lower quality due to heavy interference, however this can to some extent be avoided by PDSCH RE muting.
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Figure 2. Above: CSI-RS are located in the same subset of subframes from which the interference is measured. Below: CSI-RS are not located in the same subset of subframes from which the interference is measured. In both cases the UE is reporting based on the green subset of subframes.
It seems that interference in the CQI reference resource should match the correct interference level, hence option 2 might be the best way to go.

DRX aspects with CSI-RS –based reporting:

Whichever option is chosen for the CQI reference resource, CSI-RS periodicity brings an additional issue related to DRX: If a UE happens to be in DRX during the last CSI-RS occurrence before the UE is triggered to report CQI, it may be that the UE has not even had a chance to measure CSI before it is supposed to transmit the report in uplink. As requiring the UE to wake up from DRX just to measure CSI does not seem desirable, the simplest way out would be to just allow the UE to skip reporting in such case.
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Figure 3. If the UE happens to be in DRX during the last CSI-RS before it is supposed to provide a CQI report, UE should be allowed skip reporting.

3
Conclusions
We have discussed CQI reference resource definition for Release 10. Considering CSI-RS periodicity and the CSI measurement subframe configuration aspects, the simplest way forward would be that

· The CQI reference resource is the last valid downlink subframe in the configured CSI measurement subframe subset before subframe n-4. This is done independently of CSI-RS, and hence independently of transmission mode.
· UE interference measurements are restricted only by the CSI measurement subframe configuration, e.g. the UE still has the freedom to perform interference averaging within the configured subset.

In other words, CSI-RS periodicity only means that the measured CSI will be delayed when utilized in the CQI reference resource, but does not have any impact on the definition of CQI reference resource (it may however have some impact on the RAN4 test cases).

Finally we raised a small issue related to CSI reporting details when UE is in DRX.
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