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1 Introduction

In RAN1#88 meeting, discussions on transmission diversity schemes were held, and the following evaluation assumption guidelines is agreed [1]. 

Agreements:
· Evaluation assumption guidelines for down selection of TxD scheme for DL control channel:

· Aggregation levels: 1, 2, 4, 8 (Proponents can evaluate higher aggregation levels in addition, e.g., 16, 32)

· DCI size: 20 and 60 bits + 16 bit CRC

· CCE size: Proponents can choose within the agreed initial estimate of 4 to 8 REGs per CCE

· Practical channel estimation

· MMSE for reference, other schemes can be evaluated in addition 

· Proponents should state assumptions on 

· Number of RS used for interpolation in time and frequency
· PRB bundling assumption
· Antenna configurations and correlations corresponding to models at carrier frequencies of 4 GHz and 30 GHz (Prioritize 4 GHz)

· DMRS density 33% (other densities can be evaluated in addition)

· Number of OFDM symbols for transmission of PDCCH: 1 (companies may additionally evaluate for other values)

· Subcarrier spacing: 15 kHz (Other subcarriers spacing may be evaluated in addition)

· Channel model

· TDL-A, TDL-C
· Delay spread 30 ns, UE speed 3 km/h, (proponents can also evaluate 70 and 500 km/hr)

· Delay spread 300 ns, UE spread 3 km/h
· Delay spread 1000 ns, UE spread 3km/h
In this contribution, the performances of SFBC and precoder cycling are compared.
2 Simulation environment
Based on the agreements in RAN1#88, the following evaluation assumptions are considered.

The 4 REGs (PRBs) are considered for one CCE with the distributed and localized REG mapping, and the performances are evaluated in the aggregation level 1, 2, 4 and 8 in the TDL-C channel of RMS 30ns and 1000ns. For both two systems, 2x2 MIMO system is considered. The carrier frequency is assumed that 4GHz, the bandwidth is 20MHz and the subcarrier spacing is 15 kHz. DCI size is 36 and 76 including CRC is considered and the TBCC for the channel coding is adopted. The QPSK is used for modulation. The ideal channel estimation is assumed.
For the SFBC system, 2 antenna ports are used and each port has 2 DMRSs. For the precoder cycling, 1 antenna port is used and this port has 4 DMRSs. The precoder index is changed in each REG (PRB).
Table 1. Simulation Parameters

	Parameters
	Values

	Carrier Frequency
	4GHz

	System Bandwidth
	20MHz

	Subcarrier spacing
	15kHz

	Channel coding
	TBCC

	DCI size
	36 and 76 (including 16bit CRC)

	Channel type
	TDL-C

	RMS delay spread
	30ns, 1000ns

	Modulation order
	QPSK

	CCE Aggregation level
	AL 1, 2, 4, 8

	Number of Antenna port
	2 APs for SFBC, 1 AP for random BF

	Channel estimation
	Ideal CE

	Allocation mode
	Distributed and localized mode

	Transmission scheme
	SFBC and precoder cycling

	Number of control channel symbol 
	1 OFDM symbol
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Figure 1. RS mapping (a: SFBC, b: Precoder cycling)
3 Performance evaluation results
Figure 2, 3, 4, 5 represents the FER performances of SFBC and precoder cycling according to the SNR. From the figures, it is noticed that both performances of two systems improves according to the RMS delay spread and AL. In the AL 8, both systems have the best FER performances. Generally, the SFBC system has better performance than that of precoder cycling system. Especially in the AL 1 except the DCI 76 case, SFBC system has much gain compared to precoder cycling system that SFBC system has almost 1~2dB gain in the FER [image: image3.png]1073



. However, the FER performances of precoder cycling system becomes closer to the performances of SFBC system according to the AL. In the AL 8, FERs of two systems are almost same, though the SFBC system has still better performance in the almost environments.
In the both system, the performances with the distributed REG allocation are better than that of localized REG allocation. Especially, from the figure 2, the performances of both systems of AL8 in the distributed REG allocation have almost 2dB gain than the performance in the localized REG allocation. But this gain becomes smaller in the large DMS delay spread. And the performance gap between SFBC and the precoder cycling becomes closer in the localized REG allocation.
In the case of DCI 76, the error floors appears in the AL1 and also the whole performances are degraded. It is because the code rate is almost 1, thus the performance noticeably declined compared to the DCI 36 case.
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Figure 2. The performances of SFBC and precoder cycling schemes 
(a) Distributed PRB allocation (b) Localized PRB allocation
(TDL-C, RMS 30ns, 3km/h, DCI 36)
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Figure 3. The performances of SFBC and precoder cycling schemes 

(a) Distributed PRB allocation (b) Localized PRB allocation

(TDL-C, RMS 1000ns, 3km/h, DCI 36)
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Figure 4. The performances of SFBC and precoder cycling schemes 

(a) Distributed PRB allocation (b) Localized PRB allocation

(TDL-C, RMS 30ns, 3km/h, DCI 76)
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Figure 5. The performances of SFBC and precoder cycling schemes 

(a) Distributed PRB allocation (b) Localized PRB allocation

(TDL-C, RMS 1000ns, 3km/h, DCI 76)
4 Conclusion 
In this contribution, we evaluate the performances of SFBC and precoder cycling schemes. Based on the evaluation, we obtained following observations.
Observation 1: The performances of SFBC are better than the performances of precoder cycling in the most cases with ideal channel estimation.
Observation 2: In the both scheme, the performance with the distributed REG allocation is better than the localized REG allocation case.
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