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1 Introduction
In last RAN1 meeting, several contributions discussed ePDCCH transmission schemes, and RAN1 agreed the following regarding transmission schemes [1].
· Rank-2 SU-MIMO is not supported for a single blind decoding attempt

RAN1 already agreed that rank 3 and 4 SU-MIMO is not supported. In this contribution, we express our view on ePDCCH transmission schemes and discuss some evaluation results.

2 Discussion  
2.2 ePDCCH transmission schemes 

Many companies consider beam forming and transmit diversity as main transmission schemes for ePDCCH, while there are different views on the details and application scenario (ie., localized and distributed). RAN1 already agreed to define localised and distributed transmission for ePDCCH. The current status on ePDCCH transmission scheme discussions can be summarised as shown in Figure 1. 
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Figure 1: ePDCCH transmission schemes

It is general understanding that both beam forming gain and frequency diversity gain cannot be achieved at the same time, and the beam forming scheme is well suited with localised transmission scheme. This implies that distributed transmission needs to be defined with transmit diversity scheme. Moreover, transmit diversity with CRS is seen as robust transmission scheme for PDCCH, and particularly for cell edge coverage. Thus, transmit diversity scheme is to be defined for robust ePDCCH transmission, particularly in the absence of channel state information. On the other hand, it is clear that primary transmission scheme for ePDCCH would be beam forming, which requires non-codebook based pre-coding of DM-RS. To support transmit diversity scheme, non-pre-coded DM-RS could be used.   
2.3 Performance Evaluations of transmission schemes
We evaluate link level performance of following transmission schemes for localised and distributed transmission, the spatial diversity scheme that we simulated included:
1) Closed loop beamforming (CL BF) 
2) Open loop beamforming (OL BF) 
3) Transmit diversity using SFBC.   
The simulation assumptions are described in Annex 1.
2.3.1 Localized transmission

Figure 2 shows ePDCCH BLER performance of different transmission scheme in ETU 3km/hr channel with low correlation. Figure 3 shows ePDCCH BLER performance of different transmission scheme in ETU 120 km/hr channel with low correlation. From Figure 2 and Figure 3, we can see that when channel correlation is low, the transmit diversity outperforms the CL BF and OL BF in both high and low speed cases. In low speed cases, CL BF output OL BF (CL BF outperform OL BF by 1 dB @ BLER = 1e-2), but in high speed cases, CL BF and OL BF almost overlap, this is due to the PMI feedback for CL BF outdated. 
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Figure 2 ePDCCH performance in ETU 3km/hr with localized transmission
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Figure 3 ePDCCH performance in ETU 120km/hr with localized transmission

2.3.2 Distributed transmission

Figure 4 shows ePDCCH BLER performance of different transmission scheme in ETU 3km/hr channel with low correlation. Figure 5 shows ePDCCH BLER performance of different transmission scheme in ETU 120 km/hr channel with low correlation. From Figure 4 and Figure 5, we can see that when channel correlation is low, the transmit diversity outperforms the CL BF and OL BF in both high and low speed cases. In low speed cases, CL BF output OL BF (CL BF outperform OL BF by 1 dB @ BLER = 1e-2), but in high speed cases, CL BF and OL BF almost overlap, this is due to PMI feedback for CL BF outdated.
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Figure 4 ePDCCH performance in ETU 3km/hr with distributed transmission
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Figure 5 ePDCCH performance in ETU 120km/hr with distributed transmission 
Based on the simulation results obsevation, we propose the following:

Proposal 1: We suggest to consider SFBC transmit diversity scheme for ePDCCH. 

2.4 Performance Evaluations of eREG/eCCE Mapping 
We discussed the ePDCCH search space design in detail in our companion contribution [2]. Here we summarized our major proposals on ePDCCH [2]: 

1) Regarding the ePDCCH mapping in the presence of other signal, we proposed to consider the rate matching around colliding signal to handle ePDCCH mapping in the presence of other signal. 
2) Regarding the eREG definitions and mapping, we proposed to define eREG as a group of 4 consecutive REs in an OFDM symbols in the data region of a PRB-pair. In case of OFDM symbols with DM-RS, adjacent OFDM symbols are considered jointly in defining eREG. 
3)  We proposed to define eCCE as a group of N eREGs, where N could vary from sub-frame to sub-frame. 

In this section, we evaluate eREG/eCCE mapping through simulation based on our proposals [2] for localised transmission. Simulation assumption is summarized in Annex 1.
We simulated the case when legacy PDCCH occupied 2 OFDM symbols, therefore the number of number of eREG in one PRB pair is 30. For performance evaluation simplicity, we consider the case where there are 3 eCCEs in a PRB pair. In this case, the number of eREGs in one eCCE is 10. In our simulation, number of PRB pair used for ePDCCH transmission is 1. We consider two possible eCCE mapping: Distributed and FDM based. 
Figure 6 and Figure 7 show FDM and distributed based eCCE mapping adopted in our simulation for aggregation level =1 and 2, respectively. The purple colour denotes the eREGs allocated to eCCE. When aggregation level =1, 10 eREGs will be used for mapping the ePDCCH output bits, and when aggregation level =2, 20 eREGs will be used for mapping the ePDCCH output bits. Figure 8 show the BLER performance for FDM and distributed based eCCE allocation in ETU 3km/h low correlation channel. 
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Figure 6 eCCE mapping for aggregation level =1: FDM based and distributed
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 Figure 7 eCCE mapping for aggregation level =2: FDM based and distributed
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Figure 8 eCCE mapping with FDM and Distributed in ETU 3km/hr with low correlation
In Figure 8, we can observe that aggregation level 2 has better performance than aggregation level 1, this is because actual coding rate of aggregation level 2 is nearly half of that of aggregation level 1. Also can observed is that generally speaking, the performance of distributed based eCCE mapping has better performance than FDM based mapping. This can be expected, since the distributed mapping occupy more frequency bins, therefore can exploit more frequency diversity. From Figure 8, we can observed that when aggregation level =1, the performance gap between FDM and Distributed is larger than that of aggregation level =2. The reason is that, when aggregation level =1, FDM based eCCE mapping only occupy 1/3 of the available frequency bin, when aggregation level =2, FDM based eCCE mapping occupy 2/3 of the available frequency bin. While distributed based eCCE mapping will use all available frequency bin.
Observation
In frequency selective channel, distributed eCCE mapping has better performance than FDM based eCCE mapping.
Conclusion

We presented our views on ePDCCH transmission schemes in this contribution, and we propose following: 

Proposal 1: We suggest to consider SFBC transmit diversity scheme for ePDCCH.
3 References

[1] RAN1 Chairman’s Notes, RAN1#68bis
[2] R1-122595, ePDCCH search space design, NEC group
4 Annex A

Table 1: Simulation Assumptions 

	Parameter
	Value

	System bandwidth 
	10MHz 

	Antenna Configuration
	eNB: 2Tx 
UE: 2Rx



	Number of antenna ports
	2  CRS ports

2 DM-RS ports 

2 CSI-RS ports



	DCI format
	2C : for spatial diversity evaluation

1A : for eREG/eCCE mapping evaluation


	CCE aggregation level
	 4 : for spatial diversity evaluation
1, 2 : for eREG/eCCE mapping evaluation

	CFI
	2 

	Transmission scheme for EPDCCH
	i. Open-loop beam forming (OL BF)

ii. Closed loop beam forming (CL BF)

iii. Tx diversity (SFBC) 


	EPDCCH mapping 
	Mapped across two slots and,   
3 PRB-pairs for spatial diversity evaluation

1 PRB-pair for eREG/eCCE mapping evaluation


	PRB allocations for EPDCCH 
	i. Localized PRB allocations 

ii. Distributed PRB allocations

 

	Carrier frequency
	2.690 GHz  

	Channel Model
	ETU ( low channel correlation)



	UE speed
	3 km/h  and 120km/h 


	DCI blind decoding
	None

	Receiver Type
	 MRC

	Channel Estimation
	Non-ideal (based on DM-RS)

	CSI feedback
	· PUSCH Mode 3-1, Based on CSI-RS

· CSI feedback delay: 6ms 

· UE feeds back assuming rank 1 (SU)

· Error free feedback with Rel-10 codebooks
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