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1 Introduction
The motivation and design principle of ePDCCH were extensively discussed [1]
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 \* MERGEFORMAT [4] in the DL-MIMO SI, and the ePDCCH is now being standardized. DMRS-based precoded transmission of ePDCCH is one solution, especially for spatial reuse of control channel resources, frequency-selectively scheduling and inter-cell interference mitigation. However, precoding will result in larger CQI variation for frequency-selectively channel, which implies less robustness than diversity. Furthermore, CQI for PDSCH will be reused for ePDCCH for no separate CQI feedback defined for ePDCCH. 
In this contribution, we will evaluate impact of CQI feedback granularity on ePDCCH and PDCCH using the simulation assumptions agreed in [5].
2 Feedback granularity’s impact on PDCCH and ePDCCH
CQI feedback for PDSCH can have different frequency domain granularity, depending on the CSI reporting mode and system bandwidth. It can be reused for ePDCCH but it will have different impact on system performance. In this section, the BLER performance of PDCCH and ePDCCH was evaluated for different CQI feedback granularity. 
The simulation results are given in Fig. 1 and Fig.2, where DCI format 2C with aggregation level 2 (2 CCEs for PDCCH) and PUSCH mode 3-1 but with different subband size are adopted, More detailed simulation assumptions can be found in the Appendix. 
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Fig.1. BLER of PDCCH and ePDCCH,
2×2 antenna configuration.
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Fig.2. BLER of PDCCH and ePDCCH,
4×2 antenna configuration.
It can be seen that ePDCCH has 3 dB, 0.6 dB and -0.6 dB gain over PDCCH for subband sizes of one, three and six RBs, respectively, at the target BLER (1%) for the 2×2 antenna configuration. In other words, more gain can be observed for ePDCCH with finer granularity for CQI. This gain is expected for the ETU channel because the maximum channel delay is about 5(s, which corresponds to a correlation bandwidth of about 200kHz (approximately one RB). However, it should be noted that ePDCCH has worse performance than PDCCH for a subband size of 6RB, which is the frequency domain granularity adopted for 10MHz bandwidth in PUSCH mode 3-1 in LTE Rel.10. For this size, the channel quality across these RBs may have a large variation. Further reasons can include:

· Although the best subband is selected for ePDCCH, only one RB within the selected subband is allocated for ePDCCH transmission, and it may not have good channel quality due to the large frequency selectivity in ETU channel.
· Since multiple users were not involved in the simulation, multi-user diversity gain will not appear. More advanced simulation settings, even system level simulation, should be considered.
Based on the above discussion, we have the following proposals:
· A separate CQI feedback for ePDCCH transmission should be considered with potentially finer frequency domain granularity than that for PDSCH transmission.

· System level simulation evaluation should be considered to capture the multi-user diversity gain.
3 Conclusion

In this contribution, the performance of PDCCH and ePDCCH was evaluated for different CQI feedback granularity. Based on the simulation results and discussion, we have:
Observation:

· Feedback granularity affects ePDCCH performance for highly frequency selective channels.
Proposal:

· A separate CQI feedback for ePDCCH transmission with potentially finer frequency domain granularity should be considered.

· System level simulation evaluation should be considered to capture the multi-user diversity gain.
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Appendix
Table 1. Simulation assumptions
	Parameter
	Value

	System bandwidth
	10 MHz

	Carrier frequency
	2.0 GHz

	Antenna configuration 
	2×2, 4×2 

	Channel Model
	ETU

	Antenna correlation
	Low (TS36.101)

	DCI format 
	DCI format 2C

	UE velocity
	3 km/h

	CSI feedback
	PUSCH mode 3-1 with subband size of 1, 3 and 6RBs

	Feedback delay
	10ms

	Aggregation level
	2 CCE (72REs) for DCI format 2C

	Channel estimation 
	Real channel estimation 

	ePDCCH resource allocation
	Localized. The first RB within the best subband is used for ePDCCH transmission. 





















































