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1 Introduction
For the feedback method that is based on the extension of Rel-8 PMI/CQI, the following observations were made in the chairman’s notes of the RAN1 #59 meeting.
Techniques based on Rel-8 CQI/PMI feedback extension to focus on and try to narrow down:
· PMI extensions:

· Multiple PMIs, e.g. addition of best companion, worst companion

· Feedback to accompany PMI e.g. long-term tx covariance

· Codebook enhancements:

· Adaptive / downloadable, based on e.g. antenna configuration, propagation environment

· differential codebook structures

· SRS-based enhancements

· CQI: modified CQI definitions (as addition to Rel-8 definition)

In the alternative way-forward contributions [1][2], most of the discussions were focusing on the PMI and/or the channel spatial direction feedback schemes, and little attention have been paid so far to the necessary changes for the CQI feedback in Rel-10. However, the CSI-RS based CQI feedback is important given since we are moving away from CRS based measurement to CSI-RS based measurement, at least for the case when a UE is configured in the Rel-10 transmission modes.

In this contribution, we discuss a few issues that are important for CSI-RS based CQI feedback in Rel-10, including the considerations on the type of subframes (with and without CSI-RS) to be assumed in CQI derivation; the treatment of UE RS in CQI reference resource, such that there is no confusion in whether or not UE RS is excluded in the CQI reference resource, etc.

2 Issues on CSI-RS Based CQI Report
As illustrated in Figure 1, in a Rel-10 system, due to the introduction of CSI-RS and the possibility of sending unicast signal in MBSFN subframes (subframes without CRS in the PDSCH region), there could be a total of four possible subframes, including 

· Type1: Subframes with CSI RS and CRS in the PDSCH region;

· Type 2: Subframes with CSI RS and without CRS in the PDSCH region;

· Type 3: Subframes without CSI RS and with CRS in the PDSCH region;

· Type 4: Subframes without CSI RS and without CRS in the PDSCH region.
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Figure 1  Illustration of different types of subframes.

When a UE is reporting CQI, it is then important for both the eNB and the UE to know which type (out of the four types) of subframe the UE is assuming for the purpose of CQI calculation. This information about the subframe type conveys two sets of information:

· The amount of PDSCH RE to be assumed, i.e.,  if the CSI-RS resource elements should be excluded from CQI reference resource;
· The EPRE of the PDSCH RE in OFDM symbols (with/without CSI RS, and with/without CRS). This EPRE map  could also be a function of CRS boosting and (potential) CSI-RS boosting. The EPRE map as a function of subframe type is illustrated in Figure 2 below. Here in this example CSI-RS ports are assumed to be multiplexed using FDM.
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Figure 2 Four types of EPRE maps depending on CSI-RS and CRS locations.
In a recent RAN1#60 meeting, the following was agreed:

· Same data RE power between a data RE in the OFDM symbol containing CSI-RS and a data RE in the OFDM symbol without CSI-RS/Rel-8 CRS is assumed within a subframe.
This agreement means the PDSCH powers A’ = C’ in Figure 2 above, and it can certainly simplify some aspects of receiver design. However, from CQI reporting viewpoint, it is still necessary to consider these four types of subframes, since each subframe type has a different amount of combined CRS and CSI-RS overhead. 
The question remains as which type of subframe should be assumed for the purpose of CQI calculation. In our view, the type 3 subframe is the natural choice since:  (a) it’s likely to occur most frequently as CSI-RS period will likely be 5 or more subframes;  and that if configured, the MBSFN subframes is likely going to be infrequent; (b) the type 3 subframe is basically the same as the type of subframe used for Rel-8 CQI calculation, therefore ensuring continuity.
Proposal: While calculating the CQI, the UE assumes the type 3 subframe, i.e, the subframes without CSI-RS but with CRS in the PDSCH region.

Another related issue is the handling of UE RS resource elements during CQI calculation. For Rel-10, within each PRB either 12 RE (rank 1-2) or 24 RE (rank>2) will be used for spatial multiplexing transmissions in most downlink subframes.  These resource elements constitutes a significant percentage of the overall resource in a given PRB, and therefore it is important for eNB and UE to have common understanding on whether these REs are included or excluded from the CQI reference resource, when the UE derived the CQI index in the feedback. 
There are two relevant cases to be considered here.

1.  A UE is not configured to feedback PMI and RI. This is indeed the situation in Rel-8: when the UE is configured in transmission mode 7 with UE RS, there is only CQI feedback and no PMI/RI feedback.  In addition, the UE assumes the TxD transmission scheme while calculating CQI, therefore UE RS resource elements does not need to be excluded from CQI reference resource, since TxD is not based on UE RS.  Of course, there will be some mismatch between the CQI feedback (which assumes TxD) and the effective channel the PDSCH packet experiences (which uses UE-RS based beamforming), and the eNB needs to perform some adjustment in the link adaptation process to account for this mismatch.
2. A UE is configured to feedback PMI and RI. In this case, since UE-RS based SM will be assumed as transmission scheme for CQI calculation, it is natural to also assume the UERS resource elements are actually occupied by the UE RS when the CQI is calculated.  With this approach, there will be no mismatch between the reported CQI and the actual channel quality experiences by the PDSCH packet, and the eNB does not need to perform additional adjustment during link adaptation process. Besides, the RAN4 testing of the CQI test can be more clearly defined.

Proposal:  If a UE is configured to feedback PMI and CQI, then the CQI reference resource should assume UERS locations are actually occupied by UERS.  If a UE is not configured to feedback PMI and CQI, then the CQI reference resource does not have to exclude the UERS.
3 Conclusion
In this contribution, we considered on some issues relating to the CSI-RS based CQI feedback for a UE configured in Rel-10 transmission modes.  We summarize our findings and proposals below.
· While calculating the CQI, the UE assumes a subframe without CSI-RS but with CRS in the PDSCH region.

· If a UE is configured to feedback PMI and CQI, then the CQI reference resource should assume UERS locations are actually occupied by UERS.  If a UE is not configured to feedback PMI and CQI, then the CQI reference resource does not have to exclude the UERS.
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