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1. Introduction

This contribution provides further link level evaluations on open loop transmit diversity schemes for PUCCH format 3 for the following TxD schemes;
· FSTD [1]
· SFBC [10]
· STBC [4]
· SORTD (as in Rel-10)
· PVS [9]
· BS (Beam Switched)-DFT [7]
The simulations are also performed considering the following environments;
· ETU 3km/h, 10MHz system bandwidth

· Antenna gain imbalancing: 0dB and 6dB
· Antenna correlation (Tx, Rx): (0.0, 0.0) and (0.5, 0.0)
· Advanced receiver (detector type A) and normal detector (detector type B)

The detailed simulation assumptions are shown in Annex A.
2. Simulation results
The simulation results for required SNR are shown from Figure 1 to Figure 3. From the simulation results, we classified the open loop TxD schemes into four groups considering all the cases with the simulation assumptions as follows;
· Group A: SORTD – best ACK/NACK performance 

· Group B: SFBC, STBC – second best ACK/NACK performance

· Group C: FSTD, BS-DFT – good ACK/NACK performance

· Group D: PVS – worst ACK/NACK performance and almost no difference from 1Tx
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(a) Detector type A                                                                (b) Detector type B
Figure 1 Required SNR for TxD schemes – Uncorrelated channel, AGI=0dB
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(a) Detector type A                                                                (b) Detector type B
Figure 2 Required SNR for TxD schemes – Uncorrelated channel, AGI=6dB
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(a) Detector type A                                                                (b) Detector type B
Figure 3 Required SNR for TxD schemes – Tx corr=0.5, Rx corr=0.0, AGI=0dB
3. Conclusion
In this contribution, we continued evaluating several open loop TxD schemes under various scenarios like antenna gain imbalancing, Tx antenna correlation, and different detector types. From the simulation results, we classified the open loop TxD schemes into four groups considering all the cases with the simulation assumptions as follows;

· Group A: SORTD – best ACK/NACK performance 

· Group B: SFBC, STBC – second best ACK/NACK performance

· Group C: FSTD, BS-DFT – good ACK/NACK performance

· Group D: PVS – worst ACK/NACK performance and almost no difference from 1Tx

Based on the simulation results, among the open loop TxD schemes, we observed that only SFBC or STBC is viable other than SORTD considering various scenarios such as antenna gain imbalancing and antenna correlation. It is further observed that SFBC shows the slightly better performances than STBC by ~0.5dB in some cases (e.g. using detector type B (normal detector)).
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Annex A. Simulation Assumptions
The link level simulation results for each TxD scheme are provided in this chapter. The following definition for DTX to ACK error is used in the simulations;

· DTX->ACK DEF 2: 
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 The following two detector types were simulated;

· Detector type A (also referred as joint ML detector using RS and data so far)

· For each codeword of data symbol, the signals from RS and data are coherently accumulated. The signals for each slot and Tx/Rx antenna are non-coherently accumulated.

· For two TxD schemes, the ML detection is performed by

· 
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where 

· 
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 are the number of received antennas, slots in a subframe, and transmit antennas, respectively.

· 
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· The term of 
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 represents the estimated channel for antenna port n_tx on RS symbol.

· The term of  
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 represents the estimated channel for antenna port n_tx by codeword c on data symbol.

· Particularly for SFBC and STBC, 
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 where 
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 are subcarrier domain value (for SFBC) or virtual subcarrier domain (for STBC) assuming 
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 where 
[image: image19.wmf]0

r

 and 
[image: image20.wmf]1

r

 are received signals on subcarrier 0 and 1 (for SFBC) or virtual subcarrier 0 and 1 (for STBC).

· Detector type B

· Normal ML detection in data symbols after channel estimation in RS symbols is applied. The detector for each slot and Tx/Rx antenna coherently accumulates each codeword output after channel compensations.

Table 1 Simulation Parameters
	Parameters
	Value

	Carrier frequency
	2GHz

	System bandwidth
	10MHz

	Channel model
	ETU

	Velocity
	3km/h

	Frequency hopping
	At slot boundary

	Antenna set up
	1Tx-2Rx, 2Tx-2Rx

	Tx/Rx antenna correlation (Tx corr, Rx corr)
	(0.0, 0.0), (0.5, 0.0)

	Antenna gain imbalancing
	0dB, 6dB

	Channel estimation
	Practical

	CP type
	Normal CP

	Signal bandwidth
	180kHz

	Noise estimation
	Ideal

	Number of UEs
	1

	Number of PRBs for PUCCH
	1

	A/N bits
	2,4,6,8,10,12,14,16,18,20 bits

	TxD schemes
	1Tx, SORTD, SFBC, STBC, FSTD, PVS, BS-DFT

	Channel coding
	(32,O) RM for <=11 A/N bits, (32,O) dual RM for >11 A/N bits
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