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1 Introduction
The definition of CSI-based CQI report for Rel-10 is near completion in [3].  In [3], it is stated that for 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. 

Table 7.2.3-0: PDSCH transmission scheme assumed for CQI reference resource

	Transmission mode
	Transmission scheme of PDSCH

	1
	Single-antenna port, port 0

	2
	Transmit diversity

	3
	Transmit diversity if the associated rank indicator is 1, otherwise large delay CDD

	4
	Closed-loop spatial multiplexing

	5
	Multi-user MIMO

	6
	Closed-loop spatial multiplexing with a single transmission layer

	7
	If the number of PBCH antenna ports is one, Single-antenna port, port 0; otherwise Transmit diversity

	8
	If the UE is configured without PMI/RI reporting: if the number of PBCH antenna ports is one, single-antenna port, port 0; otherwise transmit diversity

If the UE is configured with PMI/RI reporting: closed-loop spatial multiplexing



	9
	Closed-loop spatial multiplexing with up to 8 layer transmission, ports 7-14 (see subclause 7.1.5B) 


The current spec in [3] still has a few areas of ambiguity in the definition of reference resource size, and  the objective of  this contribution is to identify these ambiguities and propose simple changes to clarify them. To this end, we consider the type of subframes (with and without CSI-RS) to be assumed in CQI derivation; the treatment of UE RS in CQI reference resource size, so 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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