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1 Introduction

In last RAN1 meeting, several contributions discussed E-PDCCH transmission schemes, and RAN1 agreed the following regarding transmission schemes [1].

· At least for the E-PDCCH transmission that supports localized transmission
· Single layer (i.e., rank 1) transmission is supported

· support of 2 layer SU-MIMO is FFS

· rank 3 and 4 SU-MIMO is not supported
In this contribution, we express our view on E-PDCCH transmission schemes and discuss some evaluation results.

2 Discussion

2.2 E-PDCCH transmission schemes 

Many companies consider beam forming and transmit diversity as main transmission schemes for E-PDCCH, 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 E-PDCCH [2]. The current status on E-PDCCH transmission scheme discussions can be summarised as shown in Figure 1. 
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Figure 1: E-PDCCH 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 E-PDCCH transmission, particularly in the absence of channel state information. On the other hand, it is clear that primary transmission scheme for E-PDCCH 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.   

It is understood from past RAN1 discussions that control channel enhancements need to support CoMP, and this is also indicated in the CoMP work item [2]. However, it is not clear whether CoMP could be used as one of the transmission scheme for E-PDCCH. Recently approved control channel enhancement work item [3] does not indicate the necessity of CoMP transmission for E-PDCCH. However, it could be possible to use PDSCH CoMP transmission scheme for E-PDCCH in principle, and some performance gain could be expected with such approach. It should be also noted that CoMP transmission could be transparent from UE point of view. However, the performance and complexity of E-PDCCH with CoMP is to be further studied.

2.3 Performance Evaluations
We evaluate link level performance of following transmission schemes for localised and distributed transmission:

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 2-4 show simulation results for localized transmission. Figure 2 shows E-PDCCH BLER performance of different transmission scheme in ETU 3km/hr channel with low and high correlation. Figure 4 shows E-PDCCH BLER performance in ETU 120km/hr channel with low and high correlation. 
From the simulation results we can see that when channel correlation is high and UE speed is low, both open loop beamforming and closed loop beamforming outperform transmitter diversity. But when channel correlation is low, transmitter diversity will outperform both closed loop beamforming and open loop beamforming in both high and low speed cases. In high speed case, closed loop beamforming performance is similar to that of open loop beamforming. But in low speed when the channel correlation is low, closed loop beamforming will outperform open loop beamforming by at least 2 dB @BLER = 1e-2 for EPA channel.
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Figure 2: E-PDCCH performance in ETU channel at 3km/h with localized transmission
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Figure 3: E-PDCCH performance in EPA channel at 3km/h with localized transmission

[image: image6.png]BLER

0.1

0.001

Localized transmission: ETU 120km/hr with low correlation

—4—CLBF —M—OLBF —#&—SFBC

N
\=.
Bas S

SNR(dB)

15




 [image: image7.png]BLER

Localized transmission: 120km/hr with high correlation

—4—OLBF —#—CLBF —#&—SFBC

1 T
]
|
0.1
0.01
-10 5 0 5 10

SNR(dB)

15





Figure 4: E-PDCCH performance in ETU channel at 120km/h with localized transmission

2.3.2 Distributed transmission

Figure 5-7 show simulation results for distributed transmission. Figure 5 shows E-PDCCH BLER performance of different transmission scheme in ETU 3km/hr channel with low and high correlation. Figure 6 shows E-PDCCH BLER performance in EPA 3km/hr channel with low and high correlation. Figure 7 shows E-PDCCH BLER performance in ETU 120km/hr channel with low and high correlation. 

From the simulation results we can see that when channel correlation is high and UE moving speed is low, both open loop beamforming and closed loop beamforming outperform transmitter diversity. But when channel correlation is low, transmitter diversity will outperform both closed loop beamforming and open loop beamforming in both high speed and low speed environment. In high speed environment, closed loop beamforming performance is similar to that of open loop beamforming. But in low speed channel when the channel correlation is low, closed loop beamforming will outperform open at least 1dB and 3 dB @BLER = 1e-2 for ETU and EPA channel, respectively
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Figure 5: E-PDCCH performance in ETU channel at 3km/h with distributed transmission
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Figure 6: E-PDCCH performance in EPA channel at 3km/h with distributed transmission
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Figure 7: E-PDCCH performance in ETU channel at 120km/h with distributed transmission

Considering the above performance results for localized and distributed transmission, transmit diversity offers significant performance gain at low correlated and high speed channel conditions. Therefore, we propose to consider transmit diversity scheme for E-PDCCH transmission. 

Proposal 1: We suggest to consider transmit diversity scheme for E-PDCCH with non-pre-coded DM-RS. The details of transmit diversity scheme is FFS.

3 Conclusion

We presented our views on E-PDCCH transmission schemes in this contribution, and we propose the following: 

Proposal 1: We suggest to consider transmit diversity scheme for E-PDCCH with non-pre-coded DM-RS. The details of transmit diversity scheme is FFS.
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5 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



	CCE aggregation level
	 4 

	CFI
	2 

	Transmission scheme for E-PDCCH
	i. Open-loop beam forming (OL BF)
ii. Closed loop beam forming (CL BF)
iii. Tx diversity (SFBC)


	E-PDCCH mapping 
	Mapped across two slots and 3 PRB-pairs used


	PRB allocations for E-PDCCH 
	i. Localized PRB allocations 

ii. Distributed PRB allocations

 

	Carrier frequency
	2.690 GHz

	Channel Model
	ETU ( low and high channel correlation)

EPA (low and high 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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