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1. Introduction
Following decisions were taken in RAN1 #63 [1] regarding CSI feedback during the eICIC discussions:

· 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

Two subframe subsets
Rel-10 CSI feedback will involve monitoring up to two (RRC configured) sets of subframes. The first subset is, for example, indicative of the expectation that they are subject to a different level of interference than in the second subset. Further, at least for aperiodic CSI reporting, the CSI feedback shall be based on the subset containing the CQI reference resource.

This document outlines our views regarding CSI feedback reporting when the UE is configured with two subframe sets. A companion contribution [5] discusses CQI reference resource with CSI-RS.
2. CQI Measurement Aspects
This section discusses further CSI measurement aspects based on restricted measurements. In the following sub-sections, we first consider aperiodic CSI feedback and thereafter consider periodic CSI feedback.

2.1. Aperiodic CSI feedback

Following het-net discussions in RAN1 #63, the working assumption is that at least for aperiodic CSI reporting, UE shall report CSI feedback at subframe n based on the subset containing the CQI reference resource at time 
[image: image18.bmp].  Note that as per [4] (and in Rel-8), the CQI reference resource is in the same DL subframe as that containing the aperiodic CQI request in an uplink DCI format. The alternative is to follow a CA-based approach [6] which is to employ a combination of L1-triggering and RRC signalling to decide which of the two subsets the CSI feedback corresponds to. 
In our view, the working assumption already provides adequate opportunities for CSI feedback on either subframe subset and there is no foreseeable need for explicit triggering to decide the CSI feedback set. Note that the explicit triggering approach incurs additional signalling overhead in CA-based het-nets. Specifically, the aperiodic CQI request field size increases to 3 bits, instead of two bits as agreed in [6]; specifically, 1 bit is required to select the CSI feedback subset (within each triggered DL CC) and 2 bits to trigger the set of DL CCs [6].
Based on arguments above, we suggest that newer specification changes in Rel-10 – potentially required with the CA-based approach – is undesirable unless the existing set of working assumptions is flawed (which is not the case).
Proposal 1: For aperiodic CSI reporting, the following working assumption should be finalized as agreement: “For CSI reporting instance at subframe n, UE shall report CSI feedback based on the subset containing the CQI reference resource”.
2.2. Periodic CSI feedback

In case of periodic CSI feedback, it was agreed in RAN1 #63 that explicit RRC configuration links each CSI feedback to a configured subset.  Determining the CQI reference resource for the case of periodic CSI reporting with restricted CSI measurements is not yet finalized. There is also ambiguity regarding the number of periodic CSI reporting patterns that could be configured, i.e. whether there is only one ongoing periodic CSI reporting set or whether periodic CSI feedback reporting can occur for both sets. In the following sections, we elaborate our views.
2.2.1. CQI reference resource

This section considers the simpler scenario on how to determine the CQI reference resource for periodic CSI reporting, assuming the PUCCH reporting subframe does not require collision handling. See Section 2.2.2 on determining CQI reference resource when collision handling is required. Based on the outcome in AI 6.2.2.2 (see [5] for our views), the CQI reference resource may or may contain CSI-RS for transmission mode 9.

Proposal 2: The CQI reference resource for periodic CSI reporting is chosen in the most recent valid DL subframe 
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 which belongs to the subframe subset (s) for which CSI report is sent at n. 

Figure 1 illustrates how Proposal 2 is applied in the case when two CSI reports are configured in parallel. If only periodic CSI report can be configured, Proposal 2 is equally applicable.

[image: image3]
Figure 1: CQI reference resource corresponding to Proposal 2
2.2.2. Single CSI report

If it is agreed to adopt a single periodic CSI reporting (corresponding subframe subset determined by RRC linkage), the CSI report for the other subset is obtained via either aperiodic CSI request or RRC re-configuration (with associated latency). At least for cell-edge UEs belonging to the victim cell, a single CSI report (e.g. corresponding to protected subframe set) may suffice. For cell-center UEs belonging to victim cell, having two periodic reports is likely beneficial, however, relative benefits are unclear from a system perspective. 

One CSI reporting configuration: Note that with just a single CSI reporting configuration (single ICQI/PMI), the eNodeB as well as the UE can always report CSI corresponding to either subset as long as they share common understanding of the CQI reference resource (according to Proposal 2). For example, the CSI reporting as shown in Figure 1 can be achieved with a CSI reporting periodicity of 5 ms because both UE and eNodeB are aware of the subframe subset for which the report is intended. Consequently there is no reporting collision. On the other hand, with two separate CSI reporting configurations (discussed below), there could be colliding CSI which may require additional specification effort. 
2.2.3. Two CSI reports

If it is agreed to adopt two on-going periodic CSI feedback reports, ideally, eNodeB would select the CSI reporting offset NOFFSET, CQI and duty cycle periodicities NP – mapped by the higher-layer parameter ICQI/PMI – such that collisions do not occur during reporting. The CQI reference resource is accordingly determined from Proposal 2.  
If such is not the case, there could be a PUCCH reporting subframe n which corresponds to a periodic CSI feedback subframe for both subframe subsets. We identify the following alternatives for collision-handling:

Alt 1: Periodic CSI report at (uplink subframe) n is omitted.

Alt 2: Both CSI reports are transmitted at (uplink subframe) n.
.

Alt 3: Establish relative priority (during RRC linkage between the CSI feedback and each configured subset) among subframe subsets to establish the reporting subset at (uplink subframe) n.
Alt 4: CQI reference resource for periodic CSI feedback at (uplink subframe) n is intended for the subframe subset L (L = 1 or 2) whose CQI reference resource lies closer to n, i.e. 
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(implying CSI feedback is more accurate. 
CQI reference resource definition in Rel.8 will potentially be revised (for TM-9) such that the CQI reference subframe lies in a CSI-RS carrying DL subframe. In such a case, it is possible that CSI feedback for each subframe subset have different CQI reference subframe, and herein a CSI feedback with reference subframe 
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 closer to reporting instance n possesses a higher accuracy. The CSI report corresponding to the subframe subset with lower accuracy (or an “older” CQI reference resource) is dropped. 

For example, as shown in Figure 2, subframe subsets 1 and 2 have periodic CSI feedback reporting periodicities equaling 10 ms and 5 ms respectively. During both collision instances, subset 1 has a more recent CQI reference resource (blue DL subframe). In this particular example therefore, CSI feedback for subframe subset 2 is always dropped during colliding subframes.


[image: image6]
Figure 2: CQI reference resource corresponding to Alt 4
Alt 5 (Figure 2): CSI feedback in subframe n is intended for the subframe subset L (L = 1 or 2) whose CQI reference resource in time domain is further away from subframe n, i.e., 
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.  In other words, the subframe subset for which CSI feedback has a lower accuracy is reported to avoid overly inaccurate CSI feedback. 


[image: image8]
Figure 3: CQI reference resource corresponding to Alt 5
For example, as shown in Figure 3, subframe subsets 1 and 2 have periodic CSI feedback reporting periodicities equaling 10 ms and 5 ms respectively. During both collision instances, subset 2 has an “older” CQI reference resource (green DL subframe). In this particular (pathological) example therefore, CSI feedback for subframe subset 1 is never transmitted.

Based on above alternatives, we make the following proposal: 

Proposal 3: If two sets of periodic CSI reports are simultaneously configured, the CQI reference resource at uplink subframe n is chosen as: CQI reference resource for periodic CSI feedback at (uplink subframe) n is intended for the subframe subset L (L = 1 or 2) whose CQI reference resource lies closer to n, i.e. 
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(implying CSI feedback is more accurate). 
2.2.4. One periodic CSI report versus two periodic CSI reports
In our understanding, the main use-case for employing two periodic CSI feedback reports is that cell-interior UEs belonging to the victim cell (e.g. pico cell in a range extended het-net) can measure their CSI on both protected as well as non-protected subframes. In our view, the relative benefit (from a system throughput perspective) of having two periodic CSI reports relative to just one periodic CSI report is unclear. With multiple CSI reporting sets, the incurred feedback overhead is potentially higher, depending on how collision-handling between reports is handled. On the other hand, with the simpler approach, namely having just one configured CSI reporting set, CSI feedback for the other set can anyways be obtained through aperiodic CSI request.  Further, there is no collision-handling issue. 
Proposal 4: A single subframe subset (RRC signaling chooses one of the two subframe subsets) is chosen for periodic CSI reporting. If it is agreed to adopt both subframe subsets for periodic CSI reporting, a single periodic CSI reporting configuration (ICQI/PMI and IRI) suffices and there is no collision handling issue.
3. Conclusions

Proposal 1: For aperiodic CSI reporting, the following working assumption should be finalized as agreement: “For CSI reporting instance at subframe n, UE shall report CSI feedback based on the subset containing the CQI reference resource”.
Proposal 2: The CQI reference resource for periodic CSI reporting is chosen in the most recent valid DL subframe 
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 which belongs to the subframe subset (s) for which CSI report is sent at n. 
Proposal 3: In the event that RAN1 decides that two sets of periodic CSI reports are simultaneously configured, the CQI reference resource at (uplink subframe) n is chosen as: 

CQI reference resource for periodic CSI feedback at n is intended for the subframe subset L (L = 1 or 2) whose CQI reference resource lies closer to n, i.e. 
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Proposal 4: A single subframe subset (RRC signaling chooses one of the two subframe subsets) is chosen for periodic CSI reporting. If it is agreed to adopt both subframe subsets for periodic CSI reporting, a single periodic CSI reporting configuration (ICQI/PMI and IRI) suffices and there is no collision handling issue.
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5. Appendix: Text Proposal for CQI definition in Rel-10

NOTE: All changes are marked underlined.

-----------------------------------------START OF CHANGE -----------------------------
7.2.3
Channel quality indicator (CQI) definition

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

Based on an unrestricted observation interval in frequency and possibly restricted observation interval (based on CSI measurement configuration) in time, 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. 

For transmission mode 9 and feedback reporting modes the UE shall derive the channel measurements for computing the CQI value reported in uplink subframe based on only the Channel-State Information (CSI) reference signals (defined in [3]) carried in DL subframe (s) 
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.  For other transmission modes and their respective reporting modes the UE shall derive the channel measurements for computing CQI based on CRS.

A combination of modulation scheme and transport block size corresponds to a CQI index if:

· the combination could be signalled for transmission on the PDSCH in the CQI reference resource according to the relevant Transport Block Size table, and 

· the modulation scheme is indicated by the CQI index, and 

· the combination of transport block size and modulation scheme when applied to the reference resource results in the effective channel code rate which is the closest possible to the code rate indicated by the CQI index. If more than one combination of transport block size and modulation scheme results in an effective channel code rate equally close to the code rate indicated by the CQI index, only the combination with the smallest of such transport block sizes is relevant.

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, k  for subframe subset k (if configured) is the smallest value greater than or equal to 4, such that it corresponds to a valid downlink subframe containing subset k, where in case of more than a single subset configured for CSI reporting at n, subset k is chosen as the subframe subset with the most recent 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 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. 
· where for aperiodic CSI reporting, CSI feedback is based on the subframe subset (if configured) containing the CQI reference resource at a valid downlink subframe n-nCQI_ref
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.
· It belongs to a configured subframe set (if such information is received) for CSI measurement 
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.

In the CQI reference resource, the UE shall assume the following for the purpose of deriving the CQI index:

· The first 3 OFDM symbols are occupied by control signalling

· No resource elements used by primary or secondary synchronisation signals or PBCH

· CP length of the non-MBSFN subframes

· Redundancy Version 0

· If CSI-RS is used for channel measurements, the ratio of PDSCH EPRE to CSI-RS EPRE is as given in Section 7.2.5. 
· the PDSCH transmission scheme given by Table 7.2.3-0 depending on the transmission mode currently configured for the UE (which may be the default mode).  

· If CRS is used for channel measurements, the ratio of PDSCH EPRE to cell-specific RS EPRE is as given in Section 5.2 with the exception of 
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[dB] for any modulation scheme, if the UE is configured with transmission mode 2 with 4 cell-specific antenna ports, or transmission mode 3 with 4 cell-specific antenna ports and the associated RI is equal to one; 
· 
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The shift 
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is given by the parameter nomPDSCH-RS-EPRE-Offset which is configured by higher-layer signalling. 

-----------------------------------------END OF CHANGE ---------------------------------
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