Page 1

3GPP TSG RAN WG1 #57bis
R1-092708
June 29 – July 3, 2009

Los Angeles, USA
Agenda item:
15.4
Source: 
Qualcomm Europe

Title: 
CQI Feedback for Multicarrier Operation
Document for:
Discussion and Decision 
1
Introduction
In LTE, the CQI feedback reflecting the DL carrier channel quality is sent on the paired UL carrier. In a multicarrier LTE-A system, in addition to the symmetric DL/UL configuration, the CQI feedback design needs to accommodate possible asymmetric UL/DL carrier configurations. In the symmetric DL/UL configuration, the Rel-8 CQI feedback rules can be applied in a straight forward manner.  The CQI feedback for the case of asymmetric DL/UL carrier configuration is considered in this document and a suitable approach that is an extension of the Rel-8 CQI feedback is presented. 
2 Multicarrier CQI Feedback
CQI feedback for multiple DL carriers could be conveyed on 

· One designated or anchor UL carrier, not necessarily paired with those DL carriers

· The corresponding UL carrier(s) paired with the DL carrier(s).

The first option corresponds to many-to-one DL/UL mapping (asymmetric carrier configuration), while the second one could be one-to-one (symmetric carrier configuration) or many-to-one DL/UL mapping, depending on the DL/UL pairing.

A flag could indicate if the CQI feedback is sent using one or the other approach, i.e. on the UL carrier paired with the DL carrier for which the CQI feedback is sent, or on the anchor UL carrier, regardless of the pairing. This flag can be conveyed on the system information (common) or by RRC signalling (per UE). The flag would be applicable to the LTE-A UEs only, and transparent to legacy UEs, as they would always send the DL CQI feedback on the paired UL.

The preference in which of the above two CQI feedback modes to operate depends on the deployment scenario and RF design. For example, in the heterogeneous network deployments [1], the presence of CSG cells requires interference management where it may be beneficial that some non-CSG UEs use an UL carrier different from the one used by the CSG UEs. However, it may happen that the DL carrier used by those non-CSG UEs is paired with the UL carrier used by CSG UEs. This implies that the CQI feedback can not be based on DL/UL carrier pairing. Also, in case of a single PA UE, it may be beneficial to localize CQI transmission on one carrier (feedback on anchor carrier only). 

2.1
Symmetric CQI UL/DL Carrier Configuration
The symmetric CQI carrier configuration assumes that one UL carrier carries the CQI feedback for one DL carrier only. In other words, one DL carrier is exclusively paired with one UL carrier and the CQI feedback transmission is based on carrier pairing. In this scenario, the Rel-8 CQI feedback rules can directly be applied. In order to minimize the power requirements (to preserve SC property), the CQI feedback offset and periodicity may have to be carefully planned across carriers, so the report transmissions do not happen (or at least minimize the number of occurrences) in the same subframe.
If a UE is not power limited, it could support feedback on multiple carriers in the same subframe (NxSC-FDMA). However, if a UE is power limited, rules for the CQI feedback transmission need to be investigated. 
2.2
Asymmetric CQI UL/DL Carrier Configuration
The asymmetric CQI UL/DL carrier configuration assumes that one UL carrier carries CQI feedback for more than one DL carrier. This may be due to the configuration where more than one DL carrier is paired with one UL carrier and CQI feedback is based on carrier pairing or due to the configuration where CQI feedback for multiple DL carriers is sent on one designated carrier, regardless of the carrier pairing. The asymmetric case where more than one UL carrier is paired with one DL carrier can be considered as a symmetric configuration, where some UL carriers may not be configured to carry CQI feedback for some UEs.

The CQI feedback for multiple DL carriers conveyed on one UL carrier can be designed as an extension of the single carrier CQI feedback as defined in Rel-8. The approach is based on cycling through the CQI feedbacks of all corresponding DL carriers.
Different carrier CQI feedback may be configured differently, in which case the upper layer configuration has to be available for each carrier. On the other hand, allowing the same CQI configuration across carriers only would require one set of configuration parameters from the upper layers (same as in Rel-8). An example is given in Fig. 1.
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Figure 1:
Multicarrier CQI feedback for 2 DL carriers with the same RRC configuration
To provide for clear multicarrier configuration setup, an approach based on the Rel-8 is introduced. The CQI feedback among multiple DL carriers is grouped into sets depending on the UE transmission mode (SIMO, MIMO), or some other criterion, where a specific CQI configuration within the set is applied. The notion of the ‘new’ set has the same meaning as the set S that was discussed in the context of Rel-8, with the difference that there may be more than a single set defined. Also, each set does not span the whole system bandwidth, but only the bandwidth of the carriers belonging to it. 
A special case would be that each set contains one carrier (number of sets is equal to the number of carriers), or that there is one set containing all configured carriers. The tables defining the subband size, bandwidth parts and bandwidth would need to be expanded to cover bandwidths larger than 110 RBs. If desirable, the subband size may be increased for larger bandwidths. Note that granularity of subband CQI feedback (and allow for appropriate subband scheduling) could be preserved in a multicarrier system if a carrier set comprises only one carrier. The number of sets and which carriers belong to each of them is semi-statically configured for each UE by the higher layers. An example of UE carrier sets for CQI feedback is shown in Fig. 2.
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Figure 2:
Carrier sets for CQI feedback
The multicarrier CQI feedback scheme does not require any change in the current PUCCH channel resources for CQI feedback. At most 11 bits as in the Re-8 MIMO format are envisioned to be used. To adapt the design to the multicarrier environment, the SIMO format can be expanded to occupy up to 11 bits, where additional bits as compared to the SIMO CQI reports in Rel-8 are used to indicate the CQI feedback of the currently strongest configured DL carrier in every reporting instance. For example, when periodic CQI reporting is configured, at each reporting instance the reported CQI feedback would comprise the CQI feedback of the appropriate carrier (according to the cycling rule) (4 bits), CQI of the best CQI carrier (4 bits), and the selected carrier index (3 bits). 
If additional two bits are available, it would be possible include subband index (2 bits) for the best subband CQI feedback notification. The benefit of this approach is that the feedback overhead can implicitly be decreased because the frequency of the CQI reporting may be decreased (due to the additional reporting of the best carrier CQI every reporting period).
The definition of wideband report per carrier for a multicarrier UE should be revisited in case guard bands between contiguous component carriers can be  used for LTE-A data transmissions. 
As in Rel-8, in case of collisions of different reports, e.g., rank indicator (RI) and wideband CQI/subband CQI, rules at the UE need to be investigated duding the WI phase. Also, rules for power limited UEs need to be studied. 
Aperiodic reporting sent on PUSCH may include additional information about subband CQI and subband PMI for each carrier. Whether the poll for aperiodic request in the UL assignment refers to the CQI/PMI/RI report for a single DL carrier, for the DL carriers that UL is configured to send the feedback for, or all configured DL carriers, needs to be discussed too. 
3
Summary 
In this document we presented the CQI feedback mechanism for a multicarrier system that includes both symmetric and asymmetric DL/UL carrier configuration.

In case of the asymmetric configuration, the CQI feedback for multiple DL carriers conveyed on one UL carrier is designed as an extension of the single carrier CQI feedback as defined in Rel-8. The approach is based on cycling through the CQI feedbacks of all corresponding DL carriers. In addition, to provide for clear multicarrier configuration setup, the CQI feedback among multiple DL carriers is grouped into sets depending on the UE transmission mode (SIMO, MIMO), or some other criterion, where a specific CQI configuration within the set is applied.
In case of the symmetric configuration, the Rel-8 CQI feedback rules can directly be applied with a careful CQI feedback parameter planning across carriers in order to minimize the UL power requirements.
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