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1. Introduction
In RAN1#68, the following observations are obtained.

· Further study is needed for example:

· How to determine AP(s) to use ePDCCH detection

· How to determine scrambling sequence for ePDCCH detection

· How to determine the number of AP for ePDCCH

· If and how to support the spatial diversity for distributed transmission
· If and how to use ePDCCH signature for ePDCCH detection
In this contribution, we focus on spatial diversity schemes for distributed ePDCCH transmission. More specifically, we discuss both random beamforming and SFBC schemes, and provide simulation results for comparison.
2. Discussion on diversity for distributed transmission
For ePDCCH, localized transmission is mainly targeted for beamforming and frequency selective scheduling gain, while distributed transmission is for frequency diversity gain. Theoretically, both closed-loop and open-loop schemes can be applied for either localized or distributed transmission. Obviously closed-loop has the advantage in exploiting UE-specific precoding gain based on CSI feedback. However, when accurate CSI is unavailable at the eNB, e.g., the UE has high speed or low SNR, closed-loop performance will deteriorate. Additionally, for CSS which targets a group of UEs, it is hard to benefit from UE-specific precoding. Therefore, an open-loop scheme is needed to benefit from diversity gain. Random beamforming and SFBC are two typical transmit diversity schemes. Although random beamforming can be applied to localized transmission in a transparent manner, transmit diversity combined with distributed transmission usually achieves better performance due to additional frequency diversity gain [1]. From the reliability point of view, which is especially crucial for control channels, spatial diversity for distributed transmission should be supported.
Proposal 1: Spatial diversity schemes for distributed ePDCCH should be supported.
Based on the aforementioned, we mainly discuss random beamforming and SFBC for distributed transmission below. 
For per RB random beamforming, only one DM-RS port is needed for each PRB pair. DM-RS is precoded in the same way as the distributed DCI messages within that PRB pair, and used by multiple UEs for demodulation. Precoders are chosen randomly/cyclically from the codebook on a per PRB pair basis, which means that the same precoder is used within each PRB pair, while precoders from different PRB pairs can be different. 
As for SFBC transmission, unprecoded DM-RS is used as a common RS for channel estimation. Thereby the required number of DM-RS ports is equal to the number of antennas required by the diversity scheme, i.e., 2 or 4 DM-RS ports are required to support SFBC or SFBC+FSTD respectively. Already it has been observed that there is no performance gain for SFBC+FSTD with 4 DM-RS ports comparing with SFBC with 2 DM-RS ports [2] [3]. Therefore, DM-RS based SFBC should be based on two DM-RS ports.
Proposal 2: DM-RS based SFBC scheme should be based on two DM-RS ports
3. Simulation results

Next we give our simulation results for the comparison of random beamforming and SFBC. In our simulation, it is assumed that the smallest DCI message can be carried by 1 eCCE and is spread across 4 PRB pairs to guarantee 4th frequency diversity order even for aggregation level 1 [4]. This is shown in Fig. 1, where 1 PRB pair is divided into 16 parts indexed from 0 to 15 and each part is treated equivalently as ¼ eCCE. Thereby DCI with aggregation level 1 can be obtained by aggregating 4 PRB pairs where one part is chosen from each PRB pair. DCI with aggregation level 2/4/8 is obtained by aggregating more parts within each PRB pair, and thus diversity order 4 can be always achieved. To support SFBC, we assume that one RE pair with the same index cannot be separated by more than one RE, thus leaving REs indexed by “X” as unused orphan REs. As shown in Fig.1, 2 CRS ports & 4 DM-RS ports are assumed, and DM-RS ports 7, 8 are used for SFBC demodulation. Simulation results are shown in Fig.2 and Fig.3, where BLER performance in 3km/h and 120km/h are given for both random beamforming and SFBC. Detailed simulation assumptions are listed in Table 1 of Annex. In the simulation, random beamforming and SFBC share the same DCI multiplexing structure as Fig. 1. It is worth noting that the available DM-RS power of SFBC may be reduced by half due to the fact that SFBC uses DM-RS ports 7, 8, while random beamforming only uses port 7. This has been reflected in our simulation. 
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Fig.1 DCI multiplexing within one PRB pair, where the numbers indicate indexes to different parts of the resource 
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Fig.2 performance of random beamforming vs SFBC (3km/h)
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Fig.3 performance of random beamforming vs SFBC (120km/h)
From Fig.2 and Fig.3, it can be seen that SFBC always performs better than random beamforming with regard to 1% BLER requirements for both 3km and 120km cases. At 1% BLER, the SNR gain diminishes with the aggregation level increasing, where at most 3.5dB gap can be observed at aggregation level 1 and similar performance is achieved for both schemes at aggregation level 8. In the low SNR region, the precoding gain obtained by random beamforming is dominant. While in the high SNR regime, spatial diversity brought by SFBC plays a more important role, thus more likely achieving 1% BLER with lower SNR. Since SFBC has relatively larger gain for low aggregation levels, while having similar performance to random beamforming for high aggregation levels, we propose that SFBC should be supported for distributed ePDCCH transmission. In our simulation, frequency diversity order 4 is assumed for all the aggregation levels. Note that in any case, using a frequency diversity order higher than 4 is likely to lead to inefficient resource usage [5].
Proposal 3: SFBC is supported as the spatial diversity scheme for distributed ePDCCH transmission.
4. Conclusions
In this contribution, we discuss random beamforming and SFBC for distributed ePDCCH transmission, and give our performance evaluation. Based on that, we have the following proposals,
Proposal 1: Spatial diversity schemes for distributed ePDCCH should be supported.

Proposal 2: DM-RS based SFBC scheme should be based on two DM-RS ports
Proposal 3: SFBC is supported as the spatial diversity scheme for distributed ePDCCH transmission.
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Annex
Table 1: 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
	1, 2, 4, 8 eCCEs

	Modulation
	QPSK

	Channel coding
	Tail-biting convolutional encoding

	Channel estimation
	Practical

	UE speed
	3km/h, 120km/h
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