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1 Introduction
In the previous 66bis meeting, the motivation and design principle of ePDCCH were extensively discussed [1]

 REF _Ref309031995 \r \h 
[2]

 REF _Ref309033390 \r \h 
[3]

 REF _Ref309033392 \r \h 
[4]. At the last meeting, it was also agreed to compare the performance of PDCCH and ePDCCH. The simulation assumptions were agreed in off-line discussions [5]. In this contribution, we provide link level evaluations for both PDCCH and ePDCCH with the agreed simulation assumptions.
2 Evaluation for PDCCH and ePDCCH
In this section, the evaluation results are shown for PDCCH and ePDCCH. The simulation assumptions, in-line with [5], are summarized in the Appendix.
Figure 1 to Figure 6 show the performance with the assumption of DCI format 2C with aggregation level 2 (2 CCEs for PDCCH).
Figure 1 and Figure 2 show the results with per RB CQI feedback (subband size = 1RB). Figure 3 and Figure 4 show the results with a 3RB subband size. Figure 5 and Figure 6 show the results with a 6RB subband size, which is consistent with the standard. 
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Figure 1. 2×2 feedback granularity (1RB).
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Figure 2. 4×2 feedback granularity (1RB).
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Figure 3. 2×2 feedback granularity (3RB).
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Figure 4. 4× feedback granularity (3RB).
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Figure 5. 2×2 feedback granularity (6RB).
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Figure 6. 4×2 feedback granularity (6RB).

The results show that with smaller feedback granularity, there is more gain using ePDCCH. For a 2×2 antenna configuration, the ePDCCH gain over PDCCH is 3dB with a 1RB feedback granularity, 0.6dB with a 3RB feedback granularity and -0.6dB with a 6RB feedback granularity for the target BLER (1%). This gain happens because for the ETU channel, the maximum channel delay is about 5(s, which corresponds to a correlation bandwidth of about 200kHz (approximately one RB). For the feedback granularity of 6RB, the channel between these RBs may vary largely. Some observations:

· Although the best subband is for ePDCCH, considering only 1 RB is for ePDCCH, this RB may not have good channel quality.
· With 1 RB feedback granularity, the ePDCCH significantly outperforms the PDCCH. Note that these gains are expected to be magnified in a system simulation when beamforming is added on top of scheduling gain.
· With the use of higher-order modulation on the ePDCCH (not possible on the PDCCH), ePDCCH is expected to perform even better.
· Note also that in a presence of a strong interferer using transmit diversity, a common case for HetNet, the link performance of ePDCCH might be overestimated.
Based on these results, we note the following:
· The feedback granularity has large impact on the ePDCCH performance for highly frequency-selective channels.
Proposal:
· To get the ePDCCH gain, small feedback granularity (e.g., 1 RB) should be considered.
3 Conclusion

In this contribution, we evaluate the performance of PDCCH and ePDCCH using different CQI feedback granularity. From the simulation results, we observed:
· The feedback granularity has large impact on the ePDCCH performance for highly frequency-selective channels.
Proposal:

To get the ePDCCH gain, small feedback granularity (e.g., 1 RB) should be considered.
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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
Subband size(feedback granularity) = 1RB,3RB,6RB

	Feedback delay
	10ms

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

	Channel estimation 
	Real channel estimation 

	Channel estimation algorithm
	Wiener filter algorithm.
CRS Wiener filter granularity : 3RB

DMRS  Wiener filter granularity:1RB 


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





















































