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1. Introduction

In the recent discussions of downlink control signalling enhancement, UE-RS based ePDCCH is supported by most companies since the cell splitting gain and beamforming gain can be utilized to increase the capacity and coverage. The FDM nature can be used to mitigate the inter-cell interference. Other possible enhancement such as MU-DCI, high order modulation or SU-MIMO DCI can potentially further improve downlink control channel performance in the newly deployed scenario in Rel.11 such as enhanced DL MIMO, CoMP and CA. In [1], we give some views on different designing aspects of the UE-RS based ePDCCH. This contribution provides some performance analysis on the ePDCCH for both high and low mobility scenario, and closed loop MU-DCI. 
2. Performance of ePDCCH in Low and High Mobility
In last meeting, the resource utilization of ePDCCH and diversity gain of ePDCCH was discussed by some companies [2, 3, 4]. In this section, we give two options of CCE to RE mapping that can be implemented for both low and high mobility and then give the LLS results of ePDCCH. 
2.1 CCE to RE mapping of ePDCCH
CCE to RE mapping for the UE-RS based PDCCH should consider both low mobility and high mobility UEs. For low mobility, there should be localized CCE candidates distributed widely across different subbands in order to get scheduling gain when the subband CSI feedback is reliable. For high mobility or the case in which reliable subband CSI is not available, distributed CCE allows the UE-RS based OL-MIMO be implemented for ePDCCH. 
An example has been highlighted in [1] and reviewed in Fig.1: A localized CCE is mapped into one subband in order to achieve the frequency scheduling gain when reliable subband CSI is available at the eNB; on the other hand, a distributed CCE is mapped to Rel.8 REG-like distributed resources across widely separated RBs to achieve frequency diversity. For a distributed CCE, each REG is precoded by a precoder that is applied to the RB where the REG is located. This effectively realizes random beamforming over the distributed REGs to explore spacial diversity gain. Each UE can prioritize the search space categories depending on its mobility for reducing the blind decoding complexities. 
Note that with this implementation, after the REs in one RB is allocated to localized CCE, the remaining REs (if available) can be efficiently utilized by REGs. Then the resource utilization can be improved. Additionally, we didn’t consider the scenario that ePDCCH overlapped with PDSCH in the same RB in Fig.1 for convenience. It can be easily extended to this case if necessary.
Another option is to reuse certain R-PDCCH design concept in [5] in order to minimize the standardization efforts. In [5], UE-RS based non-cross interleaved CCE mapping has already been supported. Cross-interleaved CCE mapping in [5] is based on CRS, but it can be easily migrated to UE-RS based decoding by transmitting UE-RS in the RBs used for distributed CCE mapping. Furthermore, if localized CCE and distributed CCE are supported simultaneously in the same subframe, a ratio of RBs used for localized CCE and distributed CCE can be quantized and transmitted through RRC or some layer 1 singling to dynamically change the resources used for localized and distributed CCE transmission.
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Fig 1. Sketch map of CCE to RE mapping for ePDCCH.
Observation 1: The example of CCE to RE mapping shown in Fig.1 can utilize the resources allocated to ePDCCH quite efficiently through simultaneously use of both localized and distributed CCE in one RB.
Observation 2: Certain relevant R-PDCCH design concept in [5] can be reused with needed modifications to minimize the standardization efforts.
2.2 Performance Analysis of ePDCCH for Low and High mobility
Fig.2 and Fig.3 compare the performance of ePDCCH with Rel.8 PDCCH. For ePDCCH, both localized and distributed CCE mapping are evaluated for different mobility (Simulation assumptions are listed in the appendix). Table 1 and Table 2 summarize the results in Fig.2 and Fig.3.
As expected, ePDCCH with localized CCE greatly outperforms Rel.8 PDCCH in low mobility; and for high mobility, ePDCCH with distributed CCE (Per RB random beamforming is applied) outperforms Rel.8 PDCCH utilizing the frequency and spatial domain diversity. Note that the Rel.11 UE which is scheduled by ePDCCH usually uses DCI 2C as the downlink DCI and DCI 4 as the uplink DCI. The large DCI size always results in a very high coding rate (>0.9) if ePDCCH with aggregation level 1 is used (36REs in one CCE is assumed), which makes it difficult to be implemented practically. So the performance of PDCCH with aggregation level 1 is not shown in these figures.
Table 1. Performance comparison of PDCCH in low mobility
	
	SINR(dB) to Achieve BLER 0.01

	Aggregation level
PDCCH Tx Scheme
	2
	4
	8

	Rel.8 PDCCH
	3.8
	0.2
	-2.2

	ePDCCH with Localized CCE
	0.0
	-3.0
	-5.8

	ePDCCH with Distributed CCE
	3.1
	-1.5
	-4.1


Table 2. Performance comparison of PDCCH in high mobility
	
	SINR(dB) to Achieve BLER 0.01

	Aggregation level
PDCCH Tx Scheme
	2
	4
	8

	Rel.8 PDCCH
	2.5
	-1.0
	-3.8

	ePDCCH with Localized CCE
	2.5
	-1.0
	-4.4

	ePDCCH with Distributed CCE
	2.5
	-2.5
	-5.6
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Fig.2. Performance of PDCCHs with low mobility.       Fig.3 Performance of PDCCHs with high mobility.
Observation 3: For low mobility, ePDCCH with localized CCE greatly improve the performance and consequently increase the capacity and coverage of downlink control channel. 
Observation 4: For high mobility, ePDCCH with distributed CCE has better performance than Rel.8 PDCCH.
3. Consideration of ePDCCH with MU-DCI
MU-DCI is considered as an approach to further increase the capacity of ePDCCH. Some issues have been raised in [1, 6] for MU-DCI, especially when PDSCH and ePDCCH overlapped in the same RB. As proposed in [7], dynamically allocate the resources not used by ePDCCH to PDSCH is one of the important designing target for resource efficiency. Since PDSCH and ePDCCH overlapping is a promising solution for utilizing the remaining REs in the ePDCCH RB, MU-DCI should be further studied considering the impact of ePDCCH and PDSCH coexistence in same RB. 
In order to simplify the analysis, this section gives some performance evaluation of MU-DCI and compares it with Rel.8 PDCCH without considering ePDCCH and PDSCH overlapping. Fig.4 shows the simulation results of ePDCCH with MU-DCI (simulation assumptions are listed in the Appendix). We can see that different rules in multi-user pairing result in different performance. As expected, some performance loss is introduced if two UEs with smaller chordal distance are paired; and the performance is improved if only two UEs with orthogonal precoder are paired. Considering the performance and the scheduling restriction, MU-DCI should be carefully studied in further discussion.
Based on the observations of MU-DCI, we can also make some deduction on the overlapping of ePDCCH and PDSCH in the same RB. For example, if ePDCCH is transmitted with rank 1 and PDSCH is transmitted with rank 2, a natural issue is whether the second layer of resources occupied by ePDCCH can be used to transmit PDSCH. If it is used for PDSCH transmission, the performance of ePDCCH will be similar as the MU-DCI with chordal distance = 1 (red curve in Fig.4). So we can tentatively consider spatial multiplexing of ePDCCH with PDSCH to efficiently utilize the resources allocated to ePDCCH, but high order spacial multiplexing (larger than 2) needs to be further studied.
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Fig.4. Performance of ePDCCH with MU-DCI (CD stands for chordal distance).
Observation 5: MU-pairing rule has impact on the performance of MU-DCI;
Observation 6: With similar performance as Rel.8 PDCCH, ePDCCH can be spatial multiplexed with PDSCH to utilize resources more efficiently.
4. Conclusion
In this contribution, we show two CCE mapping options for ePDCCH that support both localized and distributed CCE to RE mapping. We also give performance comparison between ePDCCH and Rel.8 PDCCH using localized CCE and distributed CCE for low and high mobility. Additionally, MU-DCI is also discussed and evaluated in this contribution. The observations and conclusions are listed as below:
1)  CCE to RE mapping should consider both low and high mobility, two options of CCE to RE mapping are proposed;
2) For low mobility, ePDCCH with localized CCE greatly improve the performance and consequently increase the capacity and coverage of downlink control channel;
3) For high mobility, ePDCCH with distributed CCE has better performance than Rel.8 PDCCH;
4) MU-pairing rule has impact on the performance of MU-DCI;
5) With similar performance as Rel.8 PDCCH, ePDCCH can be spatial multiplexed with PDSCH to utilize resources more efficiently.
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6. Appendix
Table 3 Simulation Assumptions 
	Parameter
	Value

	Bandwidth
	10MHz

	Channel Model
	SCM high angular spread with 3/30 km/h 

	Antenna Configuration
	eNB: 4Tx | | | | 
UE: 2Rx | |

	Number of OFDM symbols for control
	3 for PDCCH; 2 for ePDCCH

	DCI payloads
	49 bits

	Resource mapping for PDCCH
	Rel.8 REG for legacy PDCCH;
Localized / Distributed mapping for ePDCCH

	Receiver Type
	Linear MMSE

	Number of antenna ports
	2 CRS ports for Rel.8 PDCCH; 1 / 2 DMRS port for ePDCCH; 4 CSI-RS ports

	Feedback mode
	PUCCH 1-1 based on CSI-RS for ePDCCH

	MU Scheduling
	MUZF with Chodal distance = 1 or >= 0.71
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