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1. Introduction  
In RAN1#62, many contributions are focused on transmit diversity schemes for PUCCH format 3. The discussion focus on the following schemes:

· Alt1:Alamoutti coding before DFT

· Alt2: Modified SFBC

· Alt3:FSTD

· Alt4:SORTD
In this contribution, we show our views for this issue. Simulations results for different alternatives are also presented.
2. TxD scheme for PUCCH format 3
There are four candidates for format 3: Alamoutti coding before DFT in [1], Modified SFBC in [2]，FSTD in [3] and SORTD. Both schemes have their pros and cons. We prefer SORTD because of the followings:

1. Not negligible performance gain of SORTD over the other scheme is observed from simulations (shown section 3) in both low speed and high speed.

2. Commonality with PUCCH format 1 and format 2. 
3. The resource consumption of SORTD is not a big issue compare to the others, since the number of UE configured to use format 3 TxD can be limited. The main advantage of other schemes claimed is reduced resource overhead. However, in this case, the use of time domain orthogonal cover code (OCC) over the two RS symbols within each slot is necessary. With the introduction of time domain OCC, performance at high speed degrades severely. In order to guarantee the performance at high speed, two orthogonal resources for the RS in two antennas may be needed, which effectively reduces the merit of resource reduction.
4. For extended CP，there is only one RS symbol in each slot，the resource consumption of other schemes depend on the RS , and the merit of resource reduction is negligible .
3. Simulation Parameters and Results
In this section, we evaluate the performance of the transmit diversity schemes described in the section 2. Simulation assumptions are provided in the Annex-A  and detailed results of bit error rate performance are provided in the Annex-B. The required SNR to satisfy P(ACK->NACK/DTX) <=0.01 and P(NACK->ACK) < 0.001 is listed in Table 1-2 for comparison.
Table 1. Required SNR to satisfy P(ACK->NACK/DTX) <=0.01 and P(NACK->ACK) < 0.001 in ETU5, 5MHz,3km/h
	
	ETU 5MHz 3km/h

	
	6bits
	8bits
	10bits

	1Tx
	-4.16
	-3.16
	-2.08

	SORTD
	-5.5
	-4.63
	-3.92

	M-SFBC
	-5.1
	-4
	-3.1

	M-STBC
	-5.32
	-4.15
	-3.05

	FSTD
	-5.29
	-3.85
	-3.15

	
	
	
	


Table 2. Required SNR to satisfy P(ACK->NACK/DTX) <=0.01 and P(NACK->ACK) < 0.001 in ETU, 5MHz,120km/h
	
	ETU 5MHz 120km/h

	
	6bits
	8bits
	10bits

	1Tx
	-4.15
	-3.06
	-2.14

	SORTD
	-5.48
	-4.65
	-3.94

	M-SFBC
	-4.9
	-3.74
	-2.98

	M-STBC
	-5.04
	-3.8
	-2.84

	FSTD
	-4.73
	-3.7
	-2.835


From the simulation results, we can see that: SORTD always outperform other scheme and is robust to high Doppler senario. The performance of M-STBC、M-SFBC and FSTD is very close. 
Based on the simulation results and from the minimum standard effort point of view, we suggest that SORTD should also be selected as the transmit diversity scheme for PUCCH format 3
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Annex A
Table 3 Simulation parameters
	Parameters
	Assumptions

	Carrier frequency
	2.0GHz

	System BW
	5MHz for ETU,

	CP configuration
	Normal CP

	Channel model
	ETU 3km/h 5 MHz, ETU 120km/h 5 MHz

	Number of UEs in a cell
	1

	Number of Tx/Rx antennas
	1Tx-2Rx ，2Tx-2Rx

	RX antenna correlation
	uncorrelated

	Channel estimation
	Practical

	Noise estimation
	Ideal

	Signal bandwidth
	180kHz

	Transmit Diversity
	SORTD M-SFBC FSTD M-STBC

	ACK/NACK bits
	6,8,10 bits

	RX false alarm detection threshold
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	Channel coding
	(32,O) RM code with circular buffer rate matching into 48.

	Channel estimation
	Practical

	slot-level hopping
	ON

	Number of PRBs for PUCCH
	1
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	DTX measurement
	RS+DATA (7symbols per slot) 


Annex B

6 bits
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8 bits
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10bits
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