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1 Introduction
This contribution presents link level evaluations for different Tx diversity schemes. 
We evaluated the following open loop based Tx diversity schemes:
· SFBC with port 7/8

· SFBC with port 7/9

· RBF(Random beam forming) with port 7
2 Link level simulations

2.1 Assumptions/Methodology
The assumptions for DL assignment simulations are listed in Table 1. Further simulation assumptions are given in Appendix. One PRB pair is divided into 4 eCCEs. The number of REs per eCCE depends on the number of REs for DMRS. 
· For RBF with 12REs DMRS (port 7/8), 30REs per a CCE is evaluated.
· For RBF with 24REs DMRS (port 7/8/9/10), 28REs per a CCE is evaluated
· For SFBC with port 7/8 and RBF with port7, both 30REs and 28REs per eCCE are evaluated. 
· For SFBC with port 7/9, only 28REs per eCCE is evaluated.
Table 1 Simulation assumptions
	Parameter
	Assumption/Value

	DL assignment mapping
(1 eCCE)
	For aggregation level 2,4,8 and aggregation level 1 with localized transmission

1eCCE = 30REs                                1eCCE = 28REs
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For aggregation level 1 with distributed transmission

1eCCE = 30REs                          1eCCE = 28REs
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	Aggregation level and allocated RBs
	Aggregation level 1  (1 eCCE):   RB #18 (localized)    /      RB #6 +#42 (distributed)
Aggregation level 2  (2 eCCE):   RB #6 + #42

Aggregation level 4  (4 eCCE):   RB #6 + #18 + #30 + #42

Aggregation level 8  (8 eCCE):   RB #6 + #7 + #18 + #19 + #30 + #31 + #42 + #43

	The power per DMRS antenna port
	(case1) SFBC with port 7/8  mapped on 30REs   no power boosting

(case2) SFBC with port 7/8  mapped on 28REs   3dB power boosting per antenna port
(case3) SFBC with port 7/9  mapped on 28REs   3dB power boosting per antenna port
(case4) RBF   with port 7      mapped on 30REs   3dB power boosting per antenna port
(case5) RBF   with port 7      mapped on 28REs   6dB power boosting per antenna port
In the case 1, 3 and 4, the power per REs is constant. 


2.2 Simulation Results
Constant power per REs
We compare the following three cases based on constant power per REs.

(case1) SFBC with port 7/8 mapped on 30REs and no power boosting

(case3) SFBC with port 7/9 mapped on 28REs and 3dB power boosting per antenna port

(case4) RBF   with port 7 mapped on 30REs and 3dB power boosting per antenna port

For lower SNRs (aggregation level 8 and 4), we observe that SFBC with port 7/9 mapped 28REs have gain over SFBC with port 7/8 mapped on 30REs. This gain comes from the power gain of the reference signals, since for SFBC, antenna ports 7/8 are multiplexed in a CDM manner whereas for SFBC with port 7/9 are multiplexed in a FDM manner. Therefore, the available DMRS power per antenna port for SFBC with port 7/8 mapped on 30REs is half of the power for the SFBC with port 7/9 mapped on 28REs. For higher SNRs, SFBC with port 7/8 mapped on 30REs and SFBC with port 7/9 mapped on 28REs are similar BLER performance.

For aggregation level 8 on DCI format 2C, we observe that RBF mapped 30 REs have gain over SFBC with port 7/8 mapped on 30REs. This gain also comes from the power gain of the reference signals. However, for higher SNR, SFBC outperforms RBF, since antenna diversity gain is more pronounced. 
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Figure 1  BLER on DCI format 2C
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Figure 2  BLER on DCI format 1A

Power boosting per REs.
We compare the following three cases based on power booting per REs. The power of 24REs DMRS are used for actually used antenna ports. Then, SFBC with port 7/8 and port 7/9 are boosted 3dB per antenna port and RBF with port 7 is boosted 6dB per antenna port.

(case2) SFBC with port 7/8 mapped on 28REs and 3dB power boosting per antenna port

(case3) SFBC with port 7/9 mapped on 28REs and 3dB power boosting per antenna port

(case5) RBF   with port 7 mapped on 28REs and 6dB power boosting per antenna port
For aggregation level 8, we observe that RBF with port 7 mapped 28REs have gain over SFBC with port 7/8 mapped on 30REs. This gain comes from the power gain of the reference signals, since for RBF 7/8 with port 7 mapped on 28REs, the power per DMRS antenna port is 6dB boosted.

For aggregation level 2, SFBC outperforms RBF as same as results on constant power per REs.
For all cases, SFBC with port 7/8 mapped on 28REs and SFBC with port 7/9 mapped on 28REs are similar BLER performance since those schemes have same power gain and coding gain. In SFBC with port 7/8 mapped on 28REs, adaptive power boosting of port 7/8 can be operated. When power boosting of port 7/8 is not necessary, port 9/10 can be used for other ePDCCHs. Therefore, SFBC with port 7/8 mapped on 28REs has scheduling flexibility.
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Figure 3  BLER on DCI format 2C with power boosting
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Figure 4 BLER on DCI format 1A with power boosting
Localized transmission and distributed transmission for aggregation level 1

We compare the following two cases based on constant power per REs.

(case1) SFBC with port 7/8 mapped on 30REs and no power boosting

(case3) SFBC with port 7/9 mapped on 28REs and 3dB power boosting per antenna port
Distributed transmission of aggregation level 1 has 2.4dB gain over localized transmission of aggregation level 1 at 1% BLER in 30km/h. The aggregation level 2 with distributed transmission has 6dB gain over aggregation level 1 with distributed transmission at 1% BLER. This means that in addition to power gain of 3 dB using aggregation level 2, there is additional coding gain of 3dB compared to the top of aggregation level 1 (SFBC port 7/8 mapped on 30REs) of distributed transmission. In the power limited operation, aggregation level 2 with deboosted power is more efficient. In the resource limited operation like frequency ICIC, aggregation level 1 with distributed transmission are more efficient.
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Figure 5 Localized transmission vs. Distributed transmission for 1eCCE
3 Summary

From the link level evaluations comparing Tx diversity schemes provided in this contribution we observe the following:

· In low SNR regions, RBF with power boosting provides gain over SFBC due to channel estimation gain.

· SFBC with port 7/9 mapped on 28REs provide gain over the other Tx diversity schemes under the constant power per REs.
· SFBC with port 7/8 mapped on 28REs has scheduling flexibility.
· In SFBC with port 7/8 mapped on 28REs, adaptive power boosting of port 7/8 can be operated. When power boosting of port 7/8 is not necessary, port 9/10 can be used for other ePDCCHs. 
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Appendix
	Parameter
	Assumption/Value

	Channel model
	ETU (30km/h,120km/h)

	Antenna Configurations
	For RBF

2x2, TM 9  single antenna port (port 7)

For SFBC

2x2:  antenna port 7 and port 8

	DCI format
	2C (58 bit payload including CRC), 1A(43 bit payload including CRC)

	SNR on x-axis
	Average SNR in aggregated RBs over the simulation run time

	System BW
	10 MHz

	Carrier Frequency
	2.0 GHz

	Modulation
	QPSK

	Precoding Model

	RBF(random beamforming)

Precoding is randomly selected RB by RB without feedback and without overlap.
For 2x2 : Codebooks (0,1,2,3) with layer =1(TS 36.211 Table 6.3.4.2.3-1)

	Channel estimation
	Real channel estimation per RB pair
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