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1 Introduction
In Release 11, ePDCCH will be adopted with the goal of providing increased control channel capacity and frequency domain interference management. Two transmission modes are envisioned for ePDCCH:
· Distributed mode which enhances performance through diversity gain

· Localized mode which enhances performance through beamforming

Each transmission mode will be designed with a target scenario in mind. For distributed mode, it is designed to provide robust performance for low geometry UEs or high mobility UEs. As a result, for distributed mode, diversity transmission schemes are preferred to better exploit frequency/antenna/interference diversity. On the other hand, for localized mode, precoder based beamforming and frequency domain scheduling are preferred for SINR gains.
There are multiple alternatives in exploiting frequency/interference/antenna diversity as discussed in [1]. This contribution discusses the available alternatives and summarizes our view on the topic.
2 Distributed Mode ePDCCH Transmission
As presented in a previous contribution [1], the possible alternatives for achieving spatial diversity for ePDCCH are the following:
Table 1. Comparison of different alternative in achieving spatial diversity for distributed mode.

	SFBC/FSTD
	Reference Signal
	DMRS port {7, 8} for 2Tx and DMRS port {7, 8, 9, 10} for 4Tx.

	
	Pros
	Transmission scheme is well defined and performance well understood.

	
	Cons
	Orphan symbol problem: In 6.3.5 of [2], if there is an odd number of available REs in an OFDM symbol, the OFDM symbol will not be used.
Channel estimation on multiple DMRS ports necessary.

	Per-RB Precoder Cycling
	Reference Signal
	DMRS port 7 is precoded with W0.
All ePDCCH REs located in the same RB are precoded with W0.

	
	Pros
	Less specification impact.

	
	Cons
	Spatial diversity cannot be achieved within an RB.

	Per-RE Precoder Cycling
	Reference Signal
	DMRS port {7, 8} for 2Tx and DMRS port {7, 8, 9, 10} for 4Tx.
DMRS port 7+i is precoded with Wi.

Subset i of REs in PRB is precoded with Wi.

	
	Pros
	Spatial diversity can be achieved within an RB.

	
	Cons
	Channel estimation on multiple DMRS ports necessary.


For all the three schemes described above, each E-CCE contains 36 REs as in a legacy PDCCH CCE. The resources for an E-CCE are interleaved before mapping to the physical resource elements, so that the E-CCE is distributed in all the VRBs configured for E-CCH.

2.1 Link Evaluation Results
In order to compare the three alternatives in terms of link performance, evaluation was performed for ETU channel. The BLER results are shown below for different spatial diversity schemes, aggregation levels, and number of VRBs for ePDCCH transmission.
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Figure 1. Distributed mode ePDCCH performance under ETU channel with 4 RBs (X axis: combined SNR for 2 RX ants).
Figure 1 shows the BLER performance of ePDCCH in ETU channel where 4 distributed RBs are allocated for ePDCCH transmission. For aggregation level 1, the TxD (SFBC/FSTD) scheme outperforms precoder cycling schemes by around 2dB at BLER of 10-2. As the aggregation level increases, the performance gap between TxD and precoder cycling becomes smaller. For aggregation level 8, it can be observed that TxD and per-RE precoder cycling have almost the same performance. 
Comparing per-RB precoder cycling and per-RE precoder cycling, it can be observed that per-RE precoder cycling has some performance gain over per-RB precoder cycling. For per-RB based precoder cycling, the precoder only changes from RB to RB. Therefore, diversity from using different precoders is only possible across RBs and requires multiple RBs for ePDCCH transmission. Compared to per-RB precoder cycling, per-RE precoder cycling utilizes multiple precoders within an RB and therefore higher diversity order. However, the per-RB precoder cycling enjoys the benefit of better channel estimation performance from higher DMRS power per port since only port 7 is turned on. Note that the above results are for the case where 4 RBs are assigned for the transmission of ePDCCH. For cases where the number of RBs assigned for ePDCCH is smaller than 4 RBs, it can be expected that the performance gain of per-RE precoder cycling over per-RB precoder cycling would become larger due to the smaller frequency diversity gain.

2.2 Capacity Analysis of ePDCCH

In the previous section, link level performances were provided for different ePDCCH transmission. Another aspect that needs to be considered in the design of the ePDCCH is the amount of resources needed to deliver a DCI format for a given a set of ePDCCH RBs and consequently how many ePDCCHs can be supported. In order to evaluate this aspect, link adaptation on ePDCCH was performed such that the aggregation level is adapted to achieve a target BLER of 10-2. An outer-loop was implemented at the eNB based on the UE’s CQI feedback and whether or not ACK/NACK was received. With link adaptation turned on, one can get a distribution of aggregation levels for certain geometries. Combining this result with the geometry distribution will give the number of average E-CCEs needed to transmit a particular DCI format.
For precoder cycling schemes, all the available REs inside the RB can be utilized for ePDCCH transmission. For TxD, on the other hand, it was assumed that the resource mapping rule follows what is defined for PDSCH TxD transmission in Release 10. According to the mapping rule, OFDM symbol #5, #6, #12 and #13 cannot be used for TxD transmission. Note if the CSI-RS are configured on top of the normal or MBSFN subframes in OFDM symbols other than where DMRS are located, there will be even more unutilized resources for TxD transmission.
Based on the average E-CCEs consumptions against SNR, geometry statistics, and available E-CCEs, the average number of ePDCCHs with 42-bit DCI format 2C that can be supported with 4 RBs is summarized in Table 2.

Table 2. Resource Analysis for ETU channel with 4 distributed VRBs under CoMP scenario 3/4.
	
	Avg. # of E-CCEs needed for an ePDCCH
	Average # of E-CCEs per subframe
	Avg. # of ePDCCHs supportable per subframe
	Gain over TxD

	TxD
	2.24
	9.6
	4.29
	0%

	Per-RE Precoder Cycling
	2.39
	13.6
	5.69
	32.6%

	Per-RB Precoder Cycling
	2.42
	13.6
	5.62
	31.0%


It can be observed that the TxD scheme consumes the least resources in terms of required number of E-CCEs for an ePDCCH transmission compared to both of the precoder cycling schemes However, given the same number of RBs for ePDCCH transmissions, there are more E-CCEs for precoder cycling schemes than TxD due to the orphan symbol problem as explained previously. As a result, it can be observed that precoder cycling schemes are able to support >30% more ePDCCHs compared to the TxD scheme.
Based on the results of Figure 1 and Table 2, the following observations are made:
· Observation1: TxD (SFBC/FSTD) scheme provides the best link performance followed by per-RE precoder cycling.
· Observation2: TxD (SFBC/FSTD) scheme shows the worst ePDCCH capacity due to emptying of OFDM symbols to arising from orphan symbol problem.
Consequently, we propose that either of the following alternatives be adopted for the design of ePDCCH: 
· Alternative1: Per-RE precoder cycling is adopted for ePDCCH diversity transmission mode
· Alternative2: Transmit diversity (SFBC/FSTD) is adopted for ePDCCH diversity transmission mode with a modified resource RE mapping rule.

3 Conclusions
In this contribution, link level performances for ePDCCH transmission in distributed mode are presented along with ePDCCH capacity evaluation results when link adaptation is turned on. Based on the results, we propose that either of the following alternatives be adopted for the design of ePDCCH: 

· Alternative1: Per-RE precoder cycling is adopted for ePDCCH diversity transmission mode
· Alternative2: Transmit diversity (SFBC/FSTD) is adopted for ePDCCH diversity transmission mode with a modified resource RE mapping rule.
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