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1.
Introduction
In 3GPP RAN1#62, it has been agreed that: 
· For both FDD and TDD, if TxD is supported for PUCCH format 3

· Alt 1: Alamouti coding before DFT, one example as shown in R1-104617

· Alt 2: Modified SFBC, one example as shown in R1-104774

· Alt 3: FSTD, one example as shown in R1-104979

· Alt 4: SORTD

· To decide on one of the alternatives in the next meeting

In this contribution we present simulation results for considered PUCCH Format 3  transmission diversity schemes.
2. Alamouti based methods
Alamouti coding before DFT
The spatial block coding is applied before DFT over modulated symbols consecutive in time.   The principle is shown in Figure 1.  The second antenna port signal can expressed as function of the first antenna signal in vector form as:
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Figure 1 Alamouti coding before DFT.
SC-SFBC
In SC-SFBC, the Alamouti coding [1,2,3,4] is applied over frequency domain samples having constant distance equal to N/2 subcarriers.   It can be easily shown that equivalent time domain Alamouti coding following Figure 1  can expressed as a function of first antenna signal s: 
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Thus, in time domain, the SFBC-M coded second antenna signal is conjugated, cyclically shifted and phase rotated version of antenna 1 signal.    The difference between SC-previously presented Alamouti coding before DFT is different order and phase of the symbols. 
3. FSTD based methods
FSTD Mode 1
In FSTD Mode 1 [6] the circularly repeated bits are modulated and multiplexed into antenna ports so that the even-indexed symbols are allocated to antenna port 1 and odd-indexed symbols to antenna port 2.  Further, the symbols are antenna wise DFT-precoded and mapped into frequency domain so that antenna 1 is mapped to odd-indexed sub-carries and antenna 2 to even-indexed sub-carriers 

FSTD Mode 2

The difference between FSTD Mode 1 and Mode 2 is different coding arrangement.  In FSTD Mode 2, instead of circular repetition, the RM encoded bits are first repeated for both antenna ports and then antenna port specific puncturing pattern is applied for the coded bits.  The puncturing pattern is selected in such that puncturing pattern is different for antenna ports.






4. Performance Evaluation
The performance comparison between SC-SFBC, Alamouti coding before DFT (STTD) and FSTD Modes is shown in Figure 4. Simulation assumptions are given in Table 2. The simulation results can be summarized as follows:
· Both Alamouti coding based methods, STTD and SC-SFBC perform equally.
· The performance of FSTS Mode 2 is equal to Alamouti coding based methods. 
· The FSTD Mode 1 performs about 0.2 dB worse than other diversity methods. 
· Tx Diversity gain is 0.8 dB

The SORTD is not included in evaluation because it would result in significantly decreased multiplexing capacity.  
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Figure 4.  Performance comparison between Alamouti coding  and FSTD Modes, 10 Bits.  
4.
Conclusions
In this contribution we have evaluated transmission diversity methods for the PUCCH Format 3.  The evaluated methods were SC-SFBC, Alamouti coding before DFT, FSTD and single-antenna port transmission.  The evaluation results can be summarized as follows:

· FSTD with dual antenna optimized coding arrangements (Mode 2) have similar performance as Alamouti coding before DFT.  

· The performance of SC-SFBC is equal to Alamouti coding before DFT as the difference between those methods is the order and phase of the second antenna symbols.   
· The gain from Tx diversity over single antenna port transmission in TU channel is 0.8 dB. 

Based on these results, we can conclude that FSTD Mode 2 and Alamouti coding before DFT (=Modified SFBC) are equivalent performance wise. Hence, selection of the TxD scheme for PUCCH Format 3 should be based on other than performance reasons. 
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Appendix

Table 1 Simulation assumptions

	Parameters
	Value

	Carrier frequency
	2.0 GHz

	System bandwidth
	10 MHz 

	Channel model
	 TU

	Frequency hopping
	at slot boundary

	Antenna setup
	2x2

	antenna correlation
	 uncorrelated antennas

	Channel estimation
	Practical (Averaging over all RS symbols in slot)

	CP type
	normal CP

	Signal bandwidth
	180 kHz

	RX false alarm detection threshold
	 

	Noise estimation
	Ideal

	Number of UEs
	1

	Number of PRBs for PUCCH
	1

	Number of Bits
	10
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Figure � SEQ Figure \* ARABIC �2�. The principle of FSTD Mode 1.
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Figure � SEQ Figure \* ARABIC �3�. The principle of FSTD Mode 2.
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