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1 Introduction

CQI plays important role in the link adaptation process. It is a value describing link quality between eNB and UE measured by the UE for CSI reference resource. In deriving CQI index, the appropriate assumptions for CSI reference resource should be considered by the UE, so that the corresponding MCS that would be selected by the eNB can be received with 10% block error rate probability. For the purpose of consistent CQI definition in Rel-8/9/10 such assumptions were clearly defined in the specification [1]. However several Rel-11 features may require some changes for CSI reference resource definition. In particular EPDCCH, CRS overheads and antenna port quasi co-location assumptions would need to be defined.
In this contribution we provide our views on CQI definition for CSI reference resource in Rel-11.
2 CSI reference resource definition for Release 11
For CQI reporting, it is important that both eNB and UE know the number of assumed PDSCH REs and PDSCH EPRE. Therefore in Rel-11 the following assumptions for CSI reference resource were defined [1]: 
In the CSI reference resource, the UE shall assume the following for the purpose of deriving the CQI index, and if also configured, PMI and RI:
· 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 
· For transmission mode 9 CSI reporting:
· CRS REs are as in non-MBSFN subframes; 
· If the UE is configured for PMI/RI reporting, the UE-specific reference signal overhead is consistent with the most recent reported rank; and PDSCH signals on antenna ports 
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layers would result in signals equivalent to corresponding symbols transmitted on antenna ports 
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 is a vector of symbols from the layer mapping in section 6.3.3.2 of [3], 
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is the number of CSI-RS ports configured, and if only one CSI-RS port is configured, 
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is 1 and the UE-specific reference signal overhead is 12 REs; if more than one CSI-RS ports are configured, 
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is the precoding matrix corresponding to the reported PMI applicable to 
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 would have a ratio of EPRE to CSI-RS EPRE equal to the ratio given in section 7.2.5
· For transmission mode 10 CSI reporting, if a CSI process is configured without PMI/RI reporting:
· If the number of antenna ports of the associated CSI-RS resource is one, a PDSCH transmission is on single-antenna port, port 7. The channel on antenna port {7} is inferred from the channel on antenna port {15} of the associated CSI-RS resource.  
· CRS REs are as in non-MBSFN subframes
· The UE-specific reference signal overhead is 12 REs per PRB pair.
· Otherwise, 

· If the number of antenna ports of the associated CSI-RS resource is 2, the PDSCH transmission scheme assumes the transmit diversity scheme defined in section 7.1.2 on antenna ports {0,1} except that the channels on antenna ports {0,1} are inferred from the channels on antenna port {15, 16} of the associated CSI resource respectively.  

· If the number of antenna ports of the associated CSI-RS resource is 4, the PDSCH transmission scheme assumes the transmit diversity scheme defined in section 7.1.2 on antenna ports {0,1,2,3} except that the channels on antenna ports {0,1,2,3} are inferred from the channels on antenna ports {15, 16, 17, 18} of the associated CSI-RS resource respectively.  
· The UE is not expected to be configured with more than 4 antenna ports for the CSI-RS resource associated with the CSI process configured without PMI/RI reporting.
· The overhead of CRS REs is assuming the same number of antenna ports as that of the associated CSI-RS resource.
· UE-specific reference signal overhead is zero.
· For transmission mode 10 CSI reporting, if a CSI process is configured with PMI/RI reporting:

· CRS REs are as in non-MBSFN subframes; 
· The UE-specific reference signal overhead is consistent with the most recent reported rank; and PDSCH signals on antenna ports 
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 is a vector of symbols from the layer mapping in section 6.3.3.2 of [3], 
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is the number of antenna ports of the associated CSI-RS resource, and if  P=1,
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 would have a ratio of EPRE to CSI-RS EPRE equal to the ratio given in section 7.2.5
· Assume no REs allocated for CSI-RS and zero-power CSI-RS

· Assume no REs allocated for PRS

· 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. 
It should be noted that several features which have been specified in Rel-11 may require additional changes (clarifications) for the CSI reference resource definition. Such features include:

· EPDCCH

· Multiple PDSCH REs mapping patterns for transmission mode 10
· Antenna port quasi co-location for transmission mode 10
EPDCCH:

In Rel-11 EPDCCH set may occupy a set of RBs within a PDSCH region. Therefore some RBs might not be accessible for PDSCH transmission, hence potentially affecting the number of available REs for CQI calculation comparing to Rel-10. The following alternatives for CSI reference resource definition might be considered:
· No resource elements used for EPDCCH
· EPDCCH overhead corresponding to the configured EPDCCH sets on CSI reference resource

For the first alternative the CSI reference resource is basically the same as CSI reference resource used for Rel-10 CQI calculation. However some mismatch between the reported CQI index and the actual channel quality experienced by the PDSCH is expected in the subframes containing EPDCCH. Similar CQI mismatch already occurs since Rel-8 for subframes 0 and 5 (due to PSS/SSS/PBCH transmissions), but was not considered as significant issue. Hence no resource elements for EPDCCH seem to be a reasonable assumption for CQI calculation in Rel-11.
Multiple PDSCH REs mapping sets:
For transmission mode 10 UE may be configured with multiple PDSCH REs mapping (PQI) sets. Each PDSCH RE mapping set defines PDSCH starting symbol, CRS and MBSFN subframe configurations. The parameters define the number of available REs for PDSCH transmission and therefore would need to be defined for CSI reference resource.
For MBSFN subframe configuration, since Rel-10 the CQI for CSI reference resource is calculated assuming non-MBSFN subframe, even when CSI reference resource corresponds to MBSFN subframe. Hence the potential CQI mismatch that might occur in transmission mode 10 due to different MBSFN subframes configuration is the same as in Rel-10. By similar reasons the Rel-10 assumptions can be also kept for PDSCH starting symbol, where the first 3 OFDM symbols are assumed for control signalling regardless of actual CFI value. However some other alternatives such as PDSCH starting symbol as of PDSCH RE mapping state corresponding to PQI state with lowest index or EPDCCH starting symbol might be also considered.

For CRS antenna ports in transmission mode 10, the CRS overhead assumption is clearly defined when CSI process is configured without PMI/RI reporting. However it is not clear which CRS configuration (among several available at the UE in transmission 10) should be used to derive CQI index when CSI process is configured with PMI/RI reporting. The following alternatives for CRS overhead can be considered for such case:
· CRS of the serving cell

· CRS as of PDSCH RE mapping state corresponding to PQI state with lowest index

· CRS associated with NZP CSI-RS resource of CSI process
Since some CQI mismatch between the reported CQI index and the actual channel quality experienced by the PDSCH is expected for all alternatives, the first approach is preferable as it has commonality with Rel-8 CQI calculation assumptions.
Antenna ports quasi co-location assumption:
In transmission mode 10 UE may be configured in quasi co-location type B, where quasi co-location between PDSCH and CSI-RS resource are signalled to the UE. It is expected that such quasi co-location signalling would be used by the UE for UE-specific reference signals and PDSCH processing. For example the received timing estimated on NZP CSI-RS resource could be compensated on associated PDSCH and UE-specific reference signals prior to its processing. Such compensation would need to be accounted in the reported CQI to avoid mismatch with PDSCH transmission (i.e. timing mismatch should be also compensated prior to NZP CSI-RS processing). To achieve this, quasi co-location assumption between NZP CSI-RS resource and PDSCH that would be transmitted on CSI reference resource should be explicitly captured in CSI reference resource definition. 
3 Conclusions
In this contribution we have discussed Rel-11 aspects of CSI reference resource definition which should be used for CQI calculation. It was proposed to clarify the following assumptions for Rel-11 features 
· No resource elements used for EPDCCH
· CRS as for serving cell (when UE is configured in transmission mode 10 with PMI/RI reporting)
· PDSCH quasi co-location with NZP CSI-RS resource of CSI process
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