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1. Introduction
At RAN1 #67, an important agreement is decided for the resource allocation and reference signal design of E-PDCCH, which is list as follows,

· Both localised and distributed transmission of the enhanced control channel are supported

· At least for localised transmission, and for distributed transmission where CRS is not used for demodulation of the enhanced control channel, the demodulation of the enhanced control channel is based on DMRS transmitted in the PRB(s) used for transmission of the enhanced control channel

· Antenna ports 7-10 is/are used

· The scrambling sequence used is FFS
Based on this agreement, we have an analysis of the E-PDCCH transmission scheme with frequency localized and distributed resource allocation.  Some initial simulation results are given and discussed for further consideration.
2. Discussion
2.1. Frequency Localized Transmission
Frequency localized resource allocation using closed loop precoding should be supported if accurate channel state information could be obtained by eNB. This facilitates to do interference cancellation in HetNet and could be used in the additional carrier where CRS may not be transmitted. Rank-1 transmission with QPSK modulation would be the baseline to provide robust performance. Higher order modulation and higher rank transmission could also be considered to improve the system spectral efficiency, for example, 16QAM and/or rank2 transmission for high geometry UEs [1]. Besides, it is well known in Rel.8 that UEs usually have the problem of decoding control information from PDCCH when the code rate is larger than 3/4. Therefore to support format 2C with up to 66 bits, at least 2 CCEs are required for PDCCH. For E-PDCCH, 2 eCCEs are required correspondingly if eCCE and CCE have similar size. However when UEs work in high geometry, only 1 eCCE may be required if 16QAM and/or rank 2 transmission are used.

Proposal 1: With closed loop transmission using frequency localized resource allocation, rank2 and/or 16QAM transmission could be considered to provide efficient transmission for E-PDCCH.

For E-PDCCH with closed loop precoding mode, frequency localized transmission with subband selection should be supported, in order to obtain both precoding gain and frequency scheduling gain. To do the subband selection, the mapping rule in Rel.8/9/10 could be reused for a rough selection of aggregation level and the possible scheme of higher rank/modulation. The other option is to introduce a new feedback mode, which may be just for E-PDCCH and aim to have more proper selection. The tradeoff between the increased feedback overhead and the performance gain should be further evaluated.
Proposal 2: New feedback mode for E-PDCCH may be needed. The tradeoff between the increased feedback overhead and the performance gain could be further evaluated.
2.2. Frequency Distributed Transmission
Frequency distributed resource allocation using transmit diversity scheme could have both frequency diversity gain and spatial diversity gain. It is useful when the accurate channel state information could not be obtained by eNB. The use cases are for example E-PDCCH transmission for medium and high speed UEs. The other one is that if common search space containing control information for group of UEs will be agreed to be transmitted through E-PDCCH, the closed loop precoding scheme would not be reliable to be used.  Transmit diversity scheme is then preferred.
Which transmit diversity scheme should be used may related with how the E-PDCCH multiplexed for this mode. For example, if the structure is with 3 sub-carriers per E-PDCCH aggregation level 1, each sub-carrier located in one of three distributed PRB pairs, SFBC cannot be used.  While if one eCCE is constructed using unit with larger than 1 REs in a PRB pair [3], modified SFBC scheme could be considered. Further analysis is given in our companion contribution [4]. 
Moreover, as agreed at #67, DM-RS should be the reference signal for data demodulation for transmit diversity scheme, considering use cases with the additional carrier and MBSFN subframe where CRS is may not available in data region. Each DM-RS antenna port associated with each transmit antenna should be used for channel estimation.

Simulation is performed and results are shown in the Fig.1, where the BLER performance of E-PDCCH with SFBC and closed loop precoding is shown for 3km/h, 30km/h UEs and 120km/h UEs, respectively. The detailed simulation assumptions are given in Table 1 in Annex 1. The multiplexing scheme used is shown in Fig.2, where a PRB pair is partitioned into 4 eCCEs and each eCCE contains 3 subcarriers in frequency domain.  It can be seen E-PDCCH performance with closed loop precoding outperformes that using SFBC scheme for 3km/h UEs, while has a significant performance loss for 30km/h UEs and 120km/h UEs.  The performance of legacy PDCCH is presented in Annex 2 for calibration.
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Fig.1(a) performance of CL vs SFBC, 3km/h
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Fig.1(b) performance of CL vs SFBC, 30km/h
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Fig.1(c) performance of CL vs SFBC, 120km/h
Based on the observations, we have the following proposal,
Proposal 3: Transmit diversity scheme using frequency distributed resource allocation should be supported for E-PDCCH transmission to obtain robust performance. DM-RS is used for E-PDCCH demodulation with TxD mode.
3. Conclusions
In this contribution, we give some analysis and performance evaluation for E-PDCCH transmission scheme with frequency localized and distributed resource allocation. Basically we have the following proposals,
Proposal 1: With closed loop transmission using frequency localized resource allocation, rank2 and/or 16QAM transmission could be considered to provide efficient transmission for E-PDCCH.

Proposal 2: New feedback mode for E-PDCCH may be needed. The tradeoff between the increased feedback overhead and the performance gain could be further evaluated.
Proposal 3: Transmit diversity scheme should be supported for E-PDCCH transmission to obtain robust performance. DM-RS is used for E-PDCCH demodulation with TxD mode.
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Annex 1.  
Table 1: Simulation assumptions and parameters
	Parameter
	Numerical Value and Description

	System bandwidth
	10MHz

	Carrier frequency
	2 GHz

	Number of OFDM symbols for PDCCH
	3

	Channel model
	ETU

	Antenna configuration
	2Tx, 2Rx

	Tx/Rx antenna correlation
	No

	DCI format
	DCI format 0/1A

	Number of DCI bits
	42 bits with CRC

	Aggregation level
	2, 4, 8 CCEs

	Modulation
	QPSK

	Channel coding
	Tail-biting convolutional encoding

	Feedback mode
	PUSCH mode 3-1

	CSI feedback latency
	10ms

	Channel estimation
	Practical

	UE speed
	3km/h, 30km/h, 120km/h


The multiplexing scheme of E-PDCCH in data region is shown below,
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Fig. 2 Multiplexing of E-PDCCH in data region
Annex 2. 
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Fig.3 BLER performance of legacy PDCCH

Table 1: SNR threshold with 1% BLER, legacy PDCCH
	
	3km/h
	30km/h
	120km/h

	Agg. Level 2
	0.68dB
	0.69dB
	0.82dB

	Agg. Level 4
	-2.48dB
	-2.47dB
	-2.30dB

	Agg. Level 8
	-5.30dB
	-5.30dB
	-5.31dB
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