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1 Introduction
At the RAN WG1 #67 meeting, the following agreement was further reached

· Agreement:

· 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 study and evaluate the distributed transmission schemes for enhanced PDCCH transmission based on DMRS
2 Discussion on distributed transmission
Distributed transmission can obtain both frequency diversity gain and interference diversity gain when subband CSI is not available. At least distributed transmission should be supported for enhanced PDCCH. The following schemes are considered as candidates for distributed transmission: Close-loop/Open-loop beamforming and transmit diversity
Single layer beamforming based on DMRS
Control channel need to adapt for different channel conditions. When subband CQI is not available, distributed transmission can be adopted. If there are only wideband CSI feedback, distributed single layer close-loop beamforming based on wideband CSI may perform better than localized beamforming with random location in ePDCCH resource. For case when PMI is also not available, open-loop beamforming with distributed mapping can ensure robust transmission. If each DMRS port is dedicated for 1 UE demodulation, transparent switching between close-loop beamforming and open-loop beamforming do not increase blind detection. In case the system only have 1 port, transmit diversity can not be supported and only frequency diversity can be used. Then, distributed single layer transmission may be the only choice which can provide robust transmission if subband CQIs are also not available.
Transmit diversity based on DMRS

Single layer Open-loop beamforming can perform well when high aggregation level and mapping to multiple distributed RBs. Whether open-loop schemes should be used with low aggregation level is not very clear. Transparent switching between close-loop beamforming and open-loop beamforming is also attractive. Thus, this scheme can be a good start point. Furthermore, whether transmit diversity should be introduced for ePDCCH can also be studied. Compared with OL-MIMO, transmit diversity is more robust, especially when aggregation level is low. The candidates for transmit diversity are SFBC and SFBC+FSTD.SFBC requires 2 DMRS ports, which can be reached if CSI-RS port number is more than 1. For physical antenna configuration is 4 or 8, these antennas can be virtually configured as 2 DMRS ports. SFBC+FSTD requires 4 RS ports. More DMRS ports mean more DMRS overhead or higher power, and give less options for RS interference coordination. In [4] we have shown the link level performance of SFBC and SFBC+FSTD. We can see SFBC+FSTD does not outperform SFBC, since it doubles DMRS overhead.
3 Performance evaluation
In this section, we compare performance of different distributed transmission schemes. First, we give eREG and resource set definition in our simulations. Each RB can be divided to 4 Resource Sets as an example, which is shown in Figure 1 
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           Figure 1 eREG and resource set definition
We consider one Resource Set as an eCCE, for distributed transmission, 2/4/8 eCCEs are mapped to multiple PRBs。
We compare the performance of the following four transmission schemes under aggregation level 4 and 8:
A. close-loop single layer distributed transmission 

B. close-loop single layer localized transmission with random location in search space
C. open-loop single layer distributed transmission

D. SFBC with distributed mapping based on 2 DMRS port

For close-loop transmission schemes, the precoder on DMRS port is based on wideband PMI.
In the 4 schemes given above, scheme A is the only approach to obtain both precoding gain and diversity gain. Scheme B can only obtain precoding gain, but no diversity gain is exploited. Both C and D are open-loop transmission schemes. In figure 2 and figure 3 we can see scheme A is performing better than other schemes.
Observation 1: If wideband CSI is available, close-loop single layer distributed transmission is perform better than other schemes 
Proposal 1:  Single layer distributed transmission should be supported
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Figure 2 ePDCCH performance based on different transmission schemes, AL=4, wideband CSI feedback
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Figure 3 ePDCCH performance based on different transmission schemes, AL=8, wideband CSI feedback
We also give performance of SFBC and open-loop single layer distributed transmission with different aggregation level and speed, which are shown in figure 4-11.
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Figure4 for SFBC/OL MIMO, 2Tx AL2, mapping to 2PRB,3km/h                  Figure5 SFBC/OL MIMO, 2Tx AL2, mapping to 2PRB,120km/h
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SFBC AL=4, mapping to 2PRB
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Figure6 for SFBC/OL MIMO, 2Tx AL4, mapping to 2PRB,3km/h                   Figure7 for SFBC/OL MIMO, 2Tx AL4, mapping to 2PRB,120km/h
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SFBC, AL=4, mapping to 4PRB

OL MIMO, AL=4, mapping to 4PRB
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Figure8 SFBC/OL MIMO, 2Tx AL4, mapping to 4PRB,3km/h                     Figure9 SFBC/OL MIMO, 2Tx AL4, mapping to 4PRB,120km/h
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SFBC AL=8, mapping to 4PRB

OL MIMO AL=8, mapping to 4PRB
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SFBC AL=8, mapping to 4PRB
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Figure10 SFBC/OL MIMO, 2Tx AL8, mapping to 4PRB,3km/h                     Figure11 SFBC/OL MIMO, 2Tx AL8, mapping to 4PRB,120km/h
When aggregation level is low, e.g. AL=2, the largest performance gap between open-loop single layer distributed transmission and SFBC is 2.4dB. With higher AL, open-loop single layer distributed transmission get close to SFBC. When AL=4, the performance gap go to 0.8dB~0.5dB. For AL=8, it became quite small. Note, SFBC uses more DMRS port.
Observation 2：In high aggregation level, OL-MIMO and SFBC have similar performance. In low aggregation level SFBC is better.
Since SFBC is not able to be transparently switched with distributed single layer transmission, the blind detection could increase. Thus, there should be stronger perfromance support.
Proposal2: It need to be further study for supporting open-loop scheme in low aggregation level.

4 Conclusion

In this contribution we do analysis for different distributed transmission schemes. Simulation results are shown. The following are proposed:

Proposal 1:  Single layer distributed transmission should be supported
Proposal2:  It need to be further study for supporting open-loop scheme in low aggregation level.
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6 Appendix 

Table A1 – Simulation assumption for link level simulation

	Parameters
	Assumptions

	Carrier frequency
	2GHz

	System bandwidth
	10 MHz

	Channel model
	ETU

	UE velocity
	3km/h,120km/h

	Number of antenna ports per eNodeB
	2

	Number of CRS ports
	2

	Number of antenna ports per UE
	2

	DCI Format 
	Format 2C(45bit)

	ePDCCH Transmission scheme
	OL MIMO,SFBC

	Number of layers per UE
	1 layer

	Modulation 
	QPSK

	TTI
	10000

	Receiver detection
	MMSE-IRC

	CSI-RS Period
	5ms

	Number of Legacy PDCCH symbols
	3 

	Channel estimation on DMRS
	2D MMSE

	Channel coding
	CC

	CQI feedback cycle
	5TTI

	CQI delay
	5TTI
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