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1. Introduction

Different TxD transmission schemes are evaluated by link level simulation in this contribution.
The following schemes are evaluated:
1. SFBC with antenna port 7/8

2. SFBC with antenna port 7/9 and 3dB power boosting

3. Random beamforming (cyclic precoding) with antenna port 7 and 3dB power boosting

2. Link Level Simulation 
2.1 Simulation Assumptions

In this contribution, we target on 3 schemes as follows:

1. SFBC with antenna port 7/8

2. SFBC with antenna port 7/9 and 3dB power boosting

3. Random beamforming (cyclic precoding) with antenna port 7 and 3dB power boosting

Some general assumptions are listed in Table 1. For the design of distributed ePDCCH is still unclear (e.g. eREG definition and corresponding interleaving), in this contribution we only assumes eCCE-based frequency diversity. eCCE aggregation level 4 is assumed and each eCCE locates in different PRB pairs which leads to diversity order 4.

Table 1 General simulation assumptions
	System bandwith
	10 MHz

	DCI payload size
	42 bits

	Number of CRC bits
	16 bits

	Channel model
	SCME urban macro with low angular spread

	UE velocity
	3 km/hr

	Tx and Rx antenna configuration
	2X2

	Precoding codebook
	Rel-10 codebook

	Channel estimation
	Practical 

	Number of legacy PDCCH symbol
	3

	Diversity order
	4 

(RB #1, #13, #25, #37)

	eCCE aggregation level
	4

(88, 104, 108 symbols for each scheme)

	Coding chain
	Same as PDCCH


The detailed resource mappings for each scheme are as follows.

SFBC with antenna port 7/8

The resource mapping for SFBC with antenna port 7/8 is depicted in Fig.1 (a). The number on the RE means which eCCE this RE belongs to. The RE with “X” means orphan RE which is not used for ePDCCH. In this case, each eCCE has 26 REs and there are 4 orphan REs left. There are total 104 REs for aggregation level 4.
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(a) With antenna port 7/8                   (b) With antenna port 7/9 and 3dB power boosting

Figure 1 Resource mapping for SFBC
SFBC with antenna port 7/9 and 3dB power boosting

The second case is also SFBC but with 3dB power boosting on DMRS antenna port 7/9 as in Fig.1 (b). In this case, each eCCE has 22 REs and 8 orphan REs are left. There are total 88 REs for aggregation level 4.
Random beamforming (cyclic precoding) with antenna port 7 and 3dB power boosting

The last case is random beamforming (cyclic precoding) with only antenna port 7 and 3dB power boosting on it. There are 3 eCCEs has 26 REs while another eCCE has 30 REs. There is no orphan RE for random beamforming scheme. There are total 108 REs for aggregation level 4.
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Figure 2 Random beamforming with antenna port 7 and 3dB power boosting
2.2 Simulation Results

The simulation results of these three schemes under different UE mobility (3 km/hr, 30 km/hr and 120 km/hr) are depicted in Fig.3~5. It can be noted that no matter high or low UE mobility, SFBC with antenna port 7/9 slightly outperforms the other two schemes and random beamforming with antenna port 7 slightly outperforms SFBC with antenna port 7/8. Yet, it is noted that the performance differences are quite small (within 1dB). Considering SFBC has RE pairing problems when collides with other symbols and higher complexity compared to random beamforming, we prefer to have random beamforming be used as the TxD scheme for ePDCCH.
Observation: Different TxD schemes have similar performance.
Proposal: Random beamforming is used as the TxD scheme for ePDCCH.
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Figure 3 Performance of different TxD schemes under SCME (3 km/hr)
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Figure 4 Performance of different TxD schemes under SCME (30 km/hr)
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Figure 5 Performance of different TxD schemes under SCME (120 km/hr)
3. Conclusions

In this contribution, we evaluate different TxD schemes for ePDCCH and propose:
Proposal: Random beamforming is used as the TxD scheme for ePDCCH.
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