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1
Introduction
LTE UE reports CQIs to eNB for PDSCH link adaptation. The conventional CQI is computed based on CRS of LTE Release 8. For LTE-advanced, CSI-RS based CQI is also being considered. According to the operation of LTE Release 8, these CQIs can be used for eNB to estimate PDCCH channel quality as well. Based on the reported CQI, eNB can determine the aggregation level or transmit power of PDCCH for a particular UE. 
However, it is necessary to carefully review the validity of the channel quality estimation of the PDCCH resource region based on the conventional CQIs designed for PDSCH link adaptation [1]. It is because the channel qualities of PDCCH and PDSCH may be significantly different in a heterogeneous network scenario, especially when the transmission timings of eNBs are synchronized. As a result, the conventional CQIs may not provide enough information on the channel quality of the PDCCH resource region. 

This contribution discusses the possibility of the channel quality discrepancy between the PDCCH and PDSCH regions. Some possible problems due to channel quality discrepancy are identified as 
1)
 Link adaptation for PDCCH transmission

2)
 PDCCH ICIC for a carrier aggregation based heterogeneous network

3)
 PDCCH ICIC with E-PDCCH for a non-carrier aggregation based heterogeneous network
It is recommended that RAN 1 needs to examine the impact of the channel discrepancy between PDCCH and PDSCH regions and the required feedback mechanism to compensate the problems.
2 Channel Quality Discrepancy
It is often assumed that the transmission timings from multiple eNBs (such as femto eNB, pico eNB, relay node) are synchronized in a heterogeneous network scenario. In these cases, PDCCH transmission of neighboring eNBs will interfere to most of PDCCH resource regions and PDSCH transmission of neighboring eNBs vice versa. Each resource region may experience different interference statistics, since transmission strategies and/or transmit powers of interfering eNBs may be different between PDCCH and PDSCH.

LTE-advanced UE will be configured to report CQIs for PDSCH link adaptation. CSI-RS is newly defined for CQI measurement up to 8 antenna ports and the standard doesn’t preclude the use of CRS. The measured CQI is designated to assist the eNB in selecting the appropriate MCS to use for the downlink transmission. In particular, the wideband CQI reported from UE has represented the channel quality for overall resource regions. Thus, it is used not only to determine the MCS level for PDSCH transmission but also to determine the aggregation level and the transmission power of PDCCH. 
However, the measured CQI using CSI-RS can reflect interference statistics only in PDSCH region when interfering eNBs are synchronized. The measured CQI may not always represent the channel quality of PDCCH resource region. Even though CRS over both PDCCH and PDSCH resource region is used, the measured CQI can be different from the channel quality of PDCCH resource region due to a large portion of CRS belonging to PDSCH resource region. Therefore, the PDCCH channel quality can be significantly different from the reported CQI and several issues can be raised.
Link adaptation of PDCCH
With the channel quality discrepancy, it is difficult to appropriately select the aggregation level and/or transmit power for the PDCCH based on the conventional CQI. When the channel quality of PDCCH is seriously worse than reported CQI, it can result in the PDCCH decoding failure. 

PDCCH ICIC with cross-carrier scheduling
Cross-carrier scheduling enables reliable PDCCH transmission by selecting reliable CCs sending PDCCHs in a heavy interference scenario, where the interference on some CCs may be enormous [2]. The challenge is how eNB selects CCs for PDCCH transmission. One possible approach is that eNB selects reliable CCs based on the CQIs of activated DL CCs. However, this approach may result in inappropriate CC selection, when a CC having high quality on PDSCH can experience severe interference in PDCCH resource region. Inappropriate CC selection for PDCCH transmission decreases overall system efficiency. The impact will be more serious for cell edge UEs due to the larger amount of interference from neighboring eNBs.
PDCCH ICIC with E-PDCCH (Extended-PDCCH)
E-PDCCH, a new control channel in the PDSCH region, has been proposed for PDCCH ICIC, when carrier aggregation based PDCCH ICIC is not possible in a heterogeneous network due to deployment scenarios, spectrum availability and etc [3]-[6]. Figure 1 shows an example of the possible scenario for PDCCH ICIC with E-PDCCH in a heterogeneous network. UE attached to a macro eNB can be interfered by a low power eNB. In this case, the macro eNB can switch the control region from PDCCH to E-PDCCH to avoid interference from the low power eNB.
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Figure 1 An example scenario for PDCCH ICIC with E-PDCCH in a heterogeneous network
Therefore, the macro eNB needs to select the reliable region for transmitting control information between PDCCH and E-PDCCH. This control region switching (PDCCH to E-PDCCH or E-PDCCH to PDCCH) should be performed based on precise channel quality measurements of PDCCH and PDSCH region. However, the conventional CQI for PDSCH link adaption may not be appropriate for this control region switching, because there is no way for eNB to know the channel quality of the PDCCH region. Inappropriate control region switching decreases overall system efficiency and it might be a more serious problem in a heterogeneous network due to larger amount of interference from neighboring eNBs.
To solve the problems listed above, additional feedback may be needed to report the PDCCH channel quality to eNB, when the channel discrepancy exceeds a certain limit. It is recommended that RAN 1 studies the impact of the channel discrepancy between PDCCH and PDSCH regions and the required mechanisms for better channel feedbacks including the PDCCH region channel quality.
3
Conclusion 

This contribution comments the possibility of the channel quality discrepancy between PDCCH and PDSCH resource regions, when multiple eNBs are synchronized. The following problems expected in LTE-advanced are identified as
1)  Inappropriate link adaptation of PDCCH.
2)  Inappropriate CC selection for PDCCH ICIC with cross-carrier scheduling
3)  Inappropriate control region selection for PDCCH ICIC with E-PDCCH
Therefore, it is recommended that RAN1 investigates the necessity of the PDCCH channel quality feedback, when the channel discrepancy becomes significant.
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