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1
Introduction
The linkage between PDSCH/PUSCH and the corresponding PDCCH has been agreed in 3GPP RAN1#61 [1]:
· Each PDSCH/PUSCH CC can be scheduled only from a single DL CC, i.e. the UE only monitors PDCCH on one DL CC for each PDSCH/PUSCH CC 

· For any DL carrier where the UE monitors PDCCH with CIF, PDCCH on the DL carrier shall be able to schedule PDSCH at least on the same carrier and/or PUSCH on a linked UL carrier.
Based on that agreement, at least one DL CC can be selected to send PDCCH and each selected CC (termed as PDCCH CC) is linked to one or multiple PDSCH/PUSCH CCs. The reliable PDCCH reception is enabled by selecting UE-specific reliable CCs. The eNB should perform the configuration of PDCCH CC with accurate knowledge of the channel quality on the PDCCH resource region over the activated DL CCs. Without introducing a new feature relative to Rel-8, a possible approach is that the eNB uses the reported CQI intended for PDSCH link adaptation. 

This contribution discusses the reliability of the Rel-8 CQI for estimating the channel quality in the PDCCH resource region in order to configure/select the PDCCH CC(s), especially when the interfering signals are synchronized. PDCCH-based channel quality feedback is proposed to help for appropriate PDCCH CC selection.
2 Channel Quality Discrepancy
Channel quality discrepancy between the PDCCH and PDSCH resource regions has been discussed in [2],[3]. When the network is synchronized, PDCCH transmission from neighboring eNBs (including Het-Net or Relay) will interfere with most or all of PDCCH resource region in the reference eNB. 

Different transmission strategies, such as different transmission mode and different transmit power/resource utilization, are applied in the PDCCH and PDSCH resource regions. Thus, a UE may experience different interference statistics for each region. Separate ICIC methods for the PDCCH and the PDSCH, including absence of ICIC for one or the other, may enhance this discrepancy.

Due to this discrepancy, the CQI intended for PDSCH link adaptation may not be appropriate for acquiring the channel quality of the PDCCH resource region. The newly defined CSI-RS for CQI measurements from up to 8 antenna ports in LTE-A and the use of CRS are not precluded. However, the measured CQI using CSI-RS can reflect interference statistics only in the PDSCH region. Also, even though the CRS is transmitted over both the PDCCH and PDSCH resource regions, the measured CQI is not always in accordance with PDCCH channel quality as the larger portion of the CRS is transmitted in the PDSCH resource region.  

For LTE-A the impact of the above channel quality discrepancy becomes more significant as it affects the selection of the CCs for transmitting the PDCCH.

3 Reconfiguration of linkage between PDSCH/PUSCH and PDCCH
In order to support the linkage between PDSCH/PUSCH and PDCCH, at least one DL CC needs to be selected for transmitting PDCCH and each such selected CC is linked to one or multiple PDSCH/PUSCH CCs. The CCs enabled to send PDCCH are termed as PDCCH CCs. The reliable PDCCH reception is enabled by configuring reliable PDCCH CCs. A PDCCH CC can be reconfigured to a non-PDCCH CCs if it is no longer appropriate for PDCCH transmission. Figure 1 shows an example of PDCCH CC reconfiguration where 2 CCs are activated and 1 PDCCH CC is configured. For UE 1 at the left side, CC1 is configured as PDCCH CC to avoid severe PDCCH interference from eNB1. By moving to the right side, the PDCCH CC of UE 1 can be reconfigured to CC2 when the channel quality of the PDCCH resource region in CC1 becomes degraded due to heavy interference from eNB2 and eNB3.
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Figure 1: An example of reconfiguring a PDCCH CC.
CQI-based PDCCH CC Configuration

The PDCCH CC (re)configuration should be performed with precise knowledge of the channel quality on the PDCCH resource region over the activated CCs. The challenge is how the eNB acquires the precise channel quality information of each PDCCH resource region. One possible approach is that the eNB uses the reported CQI designed for PDSCH link adaptation. However, this approach can be problematic due to the possibility of channel quality discrepancy between PDCCH and PDSCH as described above. For example, UE1 at the right side where CC1 has a higher CQI may experience more severe interference on the PDCCH resource region from eNB2 and eNB3 than it would on CC2. That is 

· Reported CQI CC1 > Reported CQI CC2

· PDCCH channel quality of CC1 < PDCCH channel quality of CC2
Rel-8 CQI-based PDCCH CC configuration will cause the serving eNB to select CC1 for PDCCH transmission, even though CC1 is no longer appropriate. Incorrect CC selection for PDCCH transmission will be more serious for cell edge UEs due to the larger amount of interference from neighboring eNBs. Misjudging the PDCCH channel quality will lead to applying wrong link adaptation on the PDCCH as well as faulty PDCCH CC selection. This will result in consecutive PDCCH decoding failures, even though this phenomenon may not occur frequently. 
PDCCH-based channel quality feedback

To enable accurate PDCCH link adaptation and CC selection for PDCCH transmission, PDCCH-based channel quality feedback is proposed. It is FFS how to exactly define the PDCCH channel quality measurement and when/how to report it. 

4
Conclusion 

This contribution raises the issue that the Rel-8 based CQI reporting is not appropriate for estimating the channel quality of the PDCCH resource region. This will lead to inaccurate PDCCH link adaptation and may also lead to incorrect CC selection for PDCCH transmission. 

It is proposed that the impact of the discrepancy between the Rel-8 channel quality report and the actual channel quality experienced by the PDCCH transmission be further studied and, if needed, PDCCH-based channel quality feedback should be supported.
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