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1. Introduction
At RAN1 #66bis, a working assumption is agreed for E-PDCCH based on considerations from CA enhancement of new carrier type, CoMP and DL MIMO[1], which is list 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

The desirable characteristics of E-PDCCH include ability to be scheduled frequency-selectively, and ability to mitigate inter-cell interference. In this contribution, we firstly analyze the multiplexing candidates of E-PDCCH DL grant and PDSCH. The performances of E-PDCCH of some cases are then given, including legacy PDCCH performance, E-PDCCH transmitted in data region with closed loop precoding using dynamic resource adaption, and the performance of E-PDCCH with SFBC and random beamforming. Simulation results are analyzed, the related observations and proposals are given for further consideration.
2. Discussion
Pure FDM and FDM+TDM were proposed for the multiplexing of E-PDCCH DL grant and PDSCH.  The FDM method is comparatively easier to be designed and inter-slot channel estimation interpolation algorithm could be used to improve the detection performance. The drawback is mainly the higher decoding latency. The FDM+TDM method could obey the rule of R-PDCCH without cross- interleaving, which may reduce the standard effort. It also has the early decoding benefits. However, the channel estimation performance is relatively worse by only using the DM-RS in the first slot. The other drawback is some of the resource wastage if the DL grant and PDSCH obtain different frequency resources. In our opinion, the decoding latency performance requirements of Rel.11 UEs should be firstly settled and the trade off of different multiplexing method could then be further analyzed. 
Besides the multiplexing method, the transmit schemes of E-PDCCH are the other main design issue. The closed loop precoding/beamforming with frequency localized resource allocation should be supported as the baseline E-PDCCH method, since it helps to do E-PDCCH interference coordination in HetNet and facilitate to be used in the additional carrier where the CRS may not be transmitted. The performance of required SINR for E-PDCCH decoding could be reduced with the precoding/beamforming gain. Furthermore, it is noted here further gain from dynamic resource adaption could be obtained with subband CSI feedback. To do so, a new DCI needs to be defined, which is transmitted in the legacy PDCCH region and carry the information of E-PDCCH in data region, such as resource allocation, modulation level if E-PDCCH supports higher modulation levels, etc. The UE could then decode the E-PDCCH in the data region after correctly received this DCI. Besides the closed loop scheme, the spatial diversity scheme should also be considered, for example by using SFBC to support medium to high speed UEs. It is natural that frequency distributed resource allocation is beneficial for spatial diversity scheme.  In addition, DM-RS with each antenna port associated with each transmit antenna should be used for channel estimation, in order to support the scheme to be used in the additional carrier and MBSFN subframe.
In the next, simulation is performed to evaluate the performance of E-PDCCH with closed loop precoding and spatial diversity schemes. The performance of legacy PDCCH is given firstly for calibration. Frequency selective scheduling with dynamic resource allocation using the new DCI is evaluated for closed loop precoding, while the SFBC and random beamforming with frequency diversity are evaluated for comparison as well. 
2.1. Legacy PDCCH performance

Fig.1 shows the performance of Rel.8/9/10 PDCCH of DCI format 0/1A with aggregation level 2/4/8. 2x2 antenna configuration is used without considering the antenna correlation. The channel model is ETU and UE speed is 3/30/120km/h, respectively. Detailed simulation assumptions are show in the Appendix, which are based to the agreed assumptions in the last meeting [2].
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Fig.1 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


2.2. E-PDCCH performance with closed loop beamforming
The SNR requirement with 1% BLER performance for closed loop beamforming is shown in Table. 2. Pure FDM is assumed for E-PDCCH DL grant and PDSCH multiplexing. The feedback assumption is PUSCH mode 3-1 with subband CQI and wideband PMI. E-PDCCH is transmitted in the subband with the best CQI value. The occupied resource is delivered dynamically by using a new defined DCI. The CSI is available in each subframe while the feedback overhead is assumed to be 10ms. The same transmit overhead with legacy PDCCH is used for fairly comparison. From the simulation results, it could see that there is a significant performance gain for the E-PDCCH with closed loop precoding using dynamic resource allocation, comparing with that of the legacy PDCCH for low mobility UEs.
Table 2: 3Km/h, SNR threshold with 1% BLER, legacy PDCCH and E-PDCCH CL
	
	E-PDCCH
	PDCCH
	Gap

	Agg. Level 2
	-1.48dB
	0.68dB
	2.16dB

	Agg. Level 4
	-5.2dB
	-2.48dB
	2.72dB

	Agg. Level 8
	-9dB
	-5.30dB
	3.7dB


2.3. E-PDCCH performance with SFBC and random beamforming

Table 3-5 shows the performance comparison between E-PDCCH with SFBC and random beamforming. Pure FDM is assumed for E-PDCCH DL grant and PDSCH multiplexing as well.  The transmitting overhead assumption is also aligned with PDCCH aggregation level 2/4/8. For random beamforming, frequency first data mapping is used and the precoding is randomly selected per-RB pair from the codebook in the specification. It could be observed that under the used simulation assumptions, the performance of SFBC outperforms random beamforming for UEs with all speeds.
Table 3: 3Km/h, SNR threshold with 1% BLER, SFBC vs Random beamforming
	
	E-PDCCH
	Random BF
	Gap

	Agg. Level 2
	3.48dB
	6.97dB
	3.49dB

	Agg. Level 4
	-1.55dB
	0.98dB
	2.53dB

	Agg. Level 8
	-5.55dB
	-3.91dB
	1.64dB


Table 4: 30Km/h, SNR threshold with 1% BLER, SFBC vs Random beamforming
	
	E-PDCCH
	Random BF
	Gap

	Agg. Level 2
	3.33dB
	6.85dB
	3.52dB

	Agg. Level 4
	-1.55dB
	0.91dB
	2.46dB

	Agg. Level 8
	-5.58dB
	-3.92dB
	1.66dB


Table 5: 120Km/h, SNR threshold with 1% BLER, SFBC vs Random beamforming
	
	SFBC
	Random BF
	Gap

	Agg. Level 2
	3.23dB
	6.69dB
	3.46dB

	Agg. Level 4
	-1.75dB
	0.72dB
	2.47dB

	Agg. Level 8
	-5.54dB
	-4.08dB
	1.46dB


3. Conclusions
In this contribution, we give some analysis and performance evaluation for multiple E-PDCCH schemes. Basically we have the following observations,
Observation1: The DL grant decoding latency performance requirements of Rel.11 UEs should be firstly settled.  Then the trade off of different DL grant and PDSCH multiplexing methods could be further analyzed and evaluated.

Observation2: Under the used evaluation assumptions, there is a significant performance gain for the E-PDCCH with closed loop precoding using dynamic resource allocation, comparing with that of the legacy PDCCH for low mobility UEs.
Observation3: Under the used evaluation assumptions, the SFBC performance outperforms random beamforming. 
Based on the observation, we have the following proposals,

Proposal 1: The performance of E-PDCCH with dynamic resource allocation and semi-static resource allocation should be further evaluated. The tradeoff of two schemes should be further considered.

Proposal2: E-PDCCH with spatial diversity based on DM-RS should be supported. The transmit schemes should be further evaluated.
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Appendix.  
Table 6: 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
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