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1 Introduction
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] in RAN1# 66bis meeting. The simulation assumptions to compare the performance of PDCCH and ePDCCH were agreed in off-line discussions [5]. Working Assumption from RAN1#66bis, based on considerations from CA Enhancement new carrier type, CoMP and DL MIMO is as follows:
· Introduce an enhanced physical downlink control channel that is:

· able to support increased control channel capacity

· able to support frequency-domain ICIC, 

· able to achieve improved spatial reuse of control channel resource 

· able to support beamforming and/or diversity

· able to operate on the new carrier type and in MBSFN subframes

· able to coexist on the same carrier as legacy UEs

Desirable characteristics include ability to be scheduled frequency-selectively, and ability to mitigate inter-cell interference. 
DMRS based precoded transmission of ePDCCH is one solution to support the above goals, especially for spatial reuse of control channel resource, frequency-selectively scheduling and inter-cell interference mitigation, which is different from diversity transmission of PDCCH in LTE Rel.8-10. However, Precoding will result in larger CQI variation for frequency-selectively channel, which implies less robust than diversity. In this contribution, we will evaluate impact on ePDCCH and PDCCH of the feedback granularity in frequency domain and discuss the possible CSI feedback for ePDCCH. 
2 Feedback granularity’s impact on 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).
[image: image2.emf]-6 -5 -4 -3 -2 -1 0 1 2

10

-4

10

-3

10

-2

10

-1

10

0

SNR(dB)

BLER

ETU format 2C 3km/h (1RB feedback granularity)

PDCCH 4*2

EPDCCH 4*2


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:
· Finer feedback granularity should be considered to get the beamforming gain for ePDCCH transmission.
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:

· Finer feedback granularity should be considered to get the beamforming gain for ePDCCH transmission.
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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. 





















































