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Discussion/Decision
1
Introduction
It has been agreed in RAN1 that ePDCCH supports both localized and distributed transmission in order to optimize the performance according to the UE channel conditions. For example, localized transmission may be beneficial for a UE having accurate CSIs at the transmitter while distributed transmission may provide robustness for a UE suffering from high Doppler and/or lack of channel status information at the transmitter. Given that UE-specific reference signals (i.e., antenna ports 7~10) are used for ePDCCH demodulation, it is quite obvious that rank-1 beamforming should be used for localized transmission and there seems to be no concern on this. However, it is still open issue that which transmission scheme should be used for distributed transmission.

Therefore, in this contribution, we discuss on the transmission scheme for ePDCCH distributed transmission and also investigate link level performance for the candidate transmission schemes.
2
Spatial Diversity Scheme
The ePDCCH distributed transmission exploits frequency diversity gain by transmitting an ePDCCH over multiple distributed PRB-pairs within a system bandwidth, thus beneficial for the following cases:
· CSI feedback for a UE is aged quickly due to high Doppler frequency so that eNB scheduler may not use the out-dated feedback information.

· CSI feedback for a UE is based on wideband CQI (e.g., PUCCH Mode 1-1) which may not be used for subband selection in localized transmission.

· CSI feedback is not configured for a UE due to network uplink traffic.

Although ePDCCH distributed transmissions may be used in various UE channel conditions and/or scenarios, a single transmission scheme should be adopted in Rel-11 in order not to increase implementation complexity, test cases, and/or specification efforts.

Proposal-1: a single transmission scheme should be adopted in Rel-11 for ePDCCH distributed transmission
So far, several transmission schemes have been proposed for ePDCCH distributed transmission including SFBC, random beamforming, and large-delay CDD [1]-[3]. However, the candidates may be categorized into space-frequency block code based (SFBC-based) and random beamforming based (RBF-based). Although these spatial diversity schemes have been studied from Rel-8, the performance of the candidates needs to be re-evaluated for ePDCCH since the demodulation reference signal is not the CRS anymore.
As different from SFBC in legacy PDCCH, the SFBC scheme for ePDCCH should use UE-specific RS (antenna port 7~10) as RAN1 agreed before and the channel estimation performance may be different according to the number of antenna ports used for demodulation. For SFBC transmission, at least two antenna ports are required so that the reference signal power might be 3dB lower than single antenna port based transmission from per antenna port viewpoint such as Per-RB based random beamforming. Due to the channel estimation gain, the RBF performs better than SFBC in high eCCE aggregation level although SFBC still provide better performance in low eCCE aggregation level such as 1 eCCE case (see the section 3).
In addition, wideband closed-loop beamforming is still possible to use for distributed transmission if a wideband PMI/CQI is only available at the transmitter. In this case, the antenna port for both RBF and wideband CL beamforming may be the same, thus allowing the same UE demodulation behavior. Since the single transmission scheme may support both RBF and wideband CL beamforming, the RBF seems to be a proper choice as a transmission scheme for distributed transmission.
Proposal-2: a single antenna port with UE transparent beamforming should be used for distributed transmission
3
Simulation Results

In this section, candidates of ePDCCH distributed transmission scheme are evaluated in link level under various channel conditions. As ePDCCH distributed transmission schemes followings are assumed:
· Scheme-1: SFBC with virtual antenna ports {ports 7 and 9}, no orphan RE for SFBC pairs is assumed.
· Scheme-2: per-RB basis random beamforming

· Scheme-3: closed-loop wideband beamforming
For the scheme-2 and scheme-3, the antenna port-7 is used with 3dB power boosting by borrowing the power from antenna port-9. Also, 8 PRB-pairs are reserved for ePDCCH distributed transmission so that an eCCE may span up to 8 PRB-pairs which is uniformly distributed within system bandwidth. Further details of the simulation assumptions are listed in the table 1.
In the figure 1, it is shown that SFBC provides performance gain over RBF in low aggregation level (e.g., 1 eCCE) since the channel estimation impact is somewhat marginal in high SNR region and the decoder with high channel coding rate may not exploit frequency diversity gain for RBF. However, as the aggregation level gets higher the performance of RBF becomes equal to or better than that of SFBC due to its better channel estimation accuracy and frequency diversity gain.
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Figure 1. BLER performance according to schems in EPA with low spatial correlation.

The figure 2 shows that wideband closed loop beamforming performs best even with medium Doppler. The performance gap between SFBC and RBF becomes larger in low aggregation level due to the well-known RBF null space problem. However, the RBF still shows a similar performance with SFBC in high aggregation level.
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Figure 2. BLER performance according to schems in EPA(30Km/h) with high spatial correlation. 

The figure 3 shows the performance of the schemes in cross-pol antenna configuration. The performance trend seems to be in line with the results in ULA in the figures 2 and 3.
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Figure 3. BLER performance according to schems in SCM-B(30Km/h). 

Observation: the RBF/wideband CLBF overall provide gain especially for the medium to high eCCE aggregation level although the SFBC outperforms in a specific scenarios such as 1 eCCE in uncorrelated channel.
4
Conclusions

In this contribution, we discussed the spatial transmission scheme for ePDCCH distributed transmission and also evaluated the candidate schemes. From the discussions and observations, we propose followings:
Proposal-1: a single transmission scheme should be adopted in Rel-11 for ePDCCH distributed transmission
Proposal-2: a single antenna port with UE transparent beamforming should be used for distributed transmission
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Appendix

Table 1. Link-level Simulation Assumptions

	System Bandwidth
	10MHz

	Antenna configuration
	4x2

	Number of CRS port
	4

	Feedback mode
	N/A for SFBC and RBF

PUCCH Mode 1-1 for WB CL-BF

	ePDCCH resource allocation
	Distributed within 8 PRBs

	Transmission schemes
	Per-RB random beamforming (RBF) + SFBC
Per-RB random beamforming (RBF)

Wideband closed beamforming (WB CL-BF)

	Channel models
	EPA and SCM-B

	Codebook for PMI reporting
	Rel-8

	Velocity [km/h]
	30

	DM-RS pattern
	Rel-10 (Port-7 and/or Port-9)

	DCI format for ePDCCH
	Format 0/1A

	Aggregation level [# of CCE]
	1, 2, 4 and 8

	Coding chain
	Same as legacy PDCCH

	Number of OFDM symbol for legacy PDCCH
	2

	Channel estimation
	Realistic


