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1. Introduction & background
In RAN1#67, it has been agreed that “Both localized and distributed transmission of the enhanced control channel are supported”. One fundamental issue is to determine the aggregation levels (ALs) for distributed and localized ePDCCH. A natural approach is that both distributed and localized ePDCCH reuses the same aggregation levels (1, 2, 4 and 8) which had been specified for PDCCH.  There are also other solutions，for example, contribution [1] proposed AL set (1,2,4,8) for distributed ePDCCH and AL set (1,2,4) for localized ePDCCH.
In this contribution, the aggregation levels for localized ePDCCH transmission are discussion with link-level simulations. From our simulation results, it is found that 4 eCCEs is not enough for localized ePDCCH in some scenarios, which motivating the support of AL 8 in localized ePDCCH. 
2. Evaluation of localized ePDCCH with different aggregation levels
When the channel state information is available in the eNB (via UE feedback and/or channel reciprocity), the localized transmission of ePDCCH can achieve beamforming and scheduling gains, which is not possible for legacy PDCCH. Thus localized transmission will play an important role in ePDCCH, especially for the low-mobility scenarios, e.g. HotSpots.  
In this section, link-level simulation is performed to evaluate the demodulation performance of localized ePDCCH with different aggregation levels, and the necessity of larger aggregation levels than four is discussed. In the following, we use the performance of legacy PDCCH as the benchmark. 
2.1. Simulation assumptions
In our evaluation, we assume for simplicity that the eCCE has the same size of available REs as legacy CCE without considering some REs occupied by other signals (e.g. CRS, CSI-RS). Specifically, there is only one OFDM symbol occupied by legacy PDCCH and the left overhead is only DMRS port 7 used for demodulation, then 144 REs in one PRB pair can be used for ePDCCH transmission, which is the same as legacy 4 CCEs aggregation. If we consider more realistic cases, there will be less available REs in each PRB pair as some REs is reserved for CRS, CSI-RS and other signals. Therefore, it will require more PRB resources to keep the same size of available REs as legacy 4CCE AL or if keep the total resource unchanged, the available REs of 4eCCE will be less than that of legacy 4CCE. However, it will not impact the conclusions.
More detailed assumptions are shown in Appendix. 
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Figure 1. The number of REs available in one PRB pair
2.2. Evaluation result
The simulation results for ETU and EPA channels are shown in Figure 2 and 3, respectively. 
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Figure 2. Performance of ePDCCH and legacy PDCCH under ETU channels(2Tx*2Rx)
BLER curves of ETU channel are shown in Figure 2. Compared to legacy PDCCH, localized ePDCCH transmission with AL 4 has 3dB SNR loss at the BLER target of 1%, which will result coverage reduction. However if the AL increases to 8eCCE, the performance of ePDCCH will get much improvement and shows about 0.8dB gain compared to PDCCH with 8CCEs.
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Figure 3. Performance of ePDCCH and legacy PDCCH under EPA channels（2Tx*2Rx）
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Figure 4. Performance of ePDCCH and legacy PDCCH under EPA channels（4Tx*2Rx）
Figure 3 and figure 4 give performance of EPA channel with antenna configuration of 2Tx*2Rx and 4Tx*2Rx, respectively. Similar to the results in ETU channel, ePDCCH with 4eCCE cannot provide comparable performance as legacy PDCCH with 8CCEs, that is 1.6dB loss for 2Tx*2Rx and 0.5dB for 4Tx*2Rx. For ePDCCH, 4Tx means more accurate and fine precoding granularity, thus better performance than 2Tx and less performance loss compared to legacy PDCCH.
But with AL eight, the ePDCCH transmission can achieve better performance and get larger coverage than legacy PDCCH, which is necessary especially in systems with more transmit antennas when control channel may become a bottleneck for coverage. 
Observation 1：In some scenarios, localized ePDCCH with AL 4 perform worse than legacy PDCCH with AL8, thereby leading to a smaller coverage.
From the above discussions, we can see that if eCCE and legacy CCE has the same size, localized ePDCCH with AL 4 cannot ensure the similar coverage of legacy PDCCH. Thus the AL 8 should be supported for localized ePDCCH. In the practical systems, the number of available REs will be less than 144 due to the REs occupied by other signals. As a result, some eCCEs may have less REs. So, it is better not to preclude larger ALs. 
In summary, we propose:

Proposal 1: At least AL (1, 2, 4, and 8) should be supported for localized ePDCCH transmission.
Proposal 2: FFS whether larger ALs is necessary for localized ePDCCH transmission when eCCE is defined

3. Conclusion
In this contribution, the aggregation levels for localized ePDCCH transmission are discussed. From the link-level simulation results, it is found that localized ePDCCH with AL 4 will has a smaller coverage compared to legacy PDCCH in some scenarios. With the principle that the performance of ePDCCH should be similar to or better than legacy PDCCH in mind, we see it is necessary to support AL 8 for localized ePDCCH and the following proposals are made
1) Proposal 1: At least AL (1, 2, 4, and 8) should be supported for localized ePDCCH transmission.

2) Proposal 2: FFS whether larger ALs are necessary for localized ePDCCH transmission when eCCE is defined

References
[1] 3GPP R1-121870, “WF on E-PDCCH Search Space Design ", Samsung, LG Electronics, Qualcomm, Fujitsu, RAN1#68b, March 26 -30, 2012.
Appendix A – ePDCCH link-level simulation assumption 
Table 1. Link-level simulation assumptions.

	Parameter
	Value

	System bandwidth
	10 MHz

	Carrier frequency
	2.0 GHz

	Antenna configurations
	2x2,4x2

	Channel model
	EPA,ETU, low correlated

	UE velocity
	3 km/h

	ePDCCH configuration
	Localized PRB allocation with frequency domain scheduling

	Transmission scheme
	Rank 1 precoding

	Codebook
	Rel-8 codebook 

	PMI/CQI granularity
	6 PRBs

	PMI/CQI reporting delay
	6 ms

	
	

	Modulation and coding
	QPSK modulation, coding rate according to CCE size and aggregation level

	eCCE size
	Same as CCE

	DCI format and payload
	DCI 1a:29+ 16CRC bits

	CFI
	ePDCCH：CFI=1 for PDCCH;

PDCCH: CFI =3;

	DM-RS configuration
	Rel-10 DM-RS port7

	Channel estimation algorithm
	DM-RS: Realistic channel estimation
Ideal channel estimation for PMI selection and CQI feedback
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