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1 Introduction
In RAN1#62 meeting, the following was agreed for PUCCH format 3[1]
· A TxD scheme, if agreed, is defined for 2 antenna port only

· For 4 antenna port UE, standard-transparent virtualization can be used to support TxD

· TxD for PUCCH format 3

· 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 evaluated the above transmit diversity candidates for PUCCH format 3 with link level simulation. Based on the evaluation result, we propose the following:
·  SORTD should be supported for PUCCH format 3
2 Transmit diversity candidates for PUCCH format 3 
Here follows a description of the four transmit diversity candidates.
2.1 Alamouti coding before DFT (SCSTBC)[2] 

For  the Alamouti coding before DFT as shown in Figure 1, the data input vector of [d1,…,d12]  and its revised version  [-d*2, d*1…, -d*12,d*11] are DFT transformed and then conveyed over antenna port 1 and 2 (AP1 and AP2) separately. At the receiver side, after frequency domain equalization and IDFT transformation, it is assumed that all the transmitted symbols dm (m=1,…,12) experience a constant equivalent channel and likewise (-1)m+1d*m(m=1,…,12) also experience a constant equivalent channel. Therefore, the following transmission blocks of  Alamouti coding before DFT operation can be made:
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Figure 1 Alamouti coding before DFT 
2.2 Modified SFBC (MSFBC) [3]
For the modified SFBC as shown in Figure 2, after DFT transformation of the data input vector of [d1,…,d12], the signal vector of {s1,…,s12} and its revised version of  {-s*6,,…s*1, -s*12…, s*7} are transmitted over AP1 and AP2 separately. Therefore, for the space frequency transmission block of
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the following space frequency block code  can be made,
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The benefit of this encoding scheme is that the so-called single carrier property is maintained, per antenna.  
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Figure 2 Modified SFBC

2.3 Frequency Switched Transmit Diversity (FSTD) [4]
For frequency switched transmit diversity (FSTD), shown in Figure 3, the data input vector of [d1,…,d6] and  [d7,…,d12] are DFT transformed and transmitted over AP1 and AP2 separately. To achieve frequency switched diversity, the data input vector of [d1,…,d6] is mapped on the even subcarriers on AP1 while [d7,…,d12]  is mapped onto the odd subcarriers on  AP2.
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Figure 3 FSTD
2.4 Space Orthogonal Resource Transmit Diversity (SORTD)
For SORTD, two orthogonal resources will be used for PUCCH format 3, i.e. one orthogonal resource for each antenna port. In the following evaluation, the same cyclic shift but two different and orthogonal cover codes are the used resources for SORTD. 
3 Simulation Results 
In this part, we evaluate the above transmit diversity candidates for PUCCH format 3 with a link-level simulation. The simulation parameters are listed in Appendix A.1. The block error rate (BLER) performances are given in Appendix A.2 in Figure A.1 through Figure A.9. From these simulation results, we make the following observations:

· All candidates for transmit diversity show great performance improvement over single antenna transmission.

· In ETU channel, MSFBC and SORTD show a slightly better performance than SCSTBC and FSTD, especially in high speed scenario.
· In EPA channel, FSTD is clearly inferior to SORTD, SCSTBC and MSFBC
Based on the above evaluation results, SORTD and MSFBC both show better performance in all evaluated scenario. Since SORTD was already agreed as the transmit diversity scheme for PUCCH format 1/1a/1b and format 2/2a/2b [1], it will not bring much additional detection complexity at eNB if SORTD is chosen for PUCCH format 3. Therefore, we propose that SORTD should be supported for PUCCH format 3.
4 Conclusion

In this contribution, we evaluated the four transmit diversity candidates for PUCCH format 3 with link level simulation. Based on the evaluation results, we see significant performance improvements when using transmit diversity over single antenna case and among the candidates we propose the following:
Proposal: SORTD should be supported for PUCCH format 3.
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Appendix

A.1 Link simulation assumptions
	Parameters
	Value

	carrier frequency
	2.0 GHz

	System bandwidth
	5 MHz for ETU, 10 MHz for EPA

	channel model
	ETU 3km/h 5 MHz, ETU 120km/h 5 MHz, EPA 3km/h 10 MHz

	frequency hopping
	at slot boundary

	antenna setup
	2Tx, 1Rx

	TX antenna correlation
	uncorrelated

	channel estimation
	ideal

	CP type
	normal CP

	signal bandwidth
	180 kHz

	Noise estimation
	Ideal

	Number of UEs
	1

	Number of PRBs for PUCCH
	1

	Number of Information bits
	2,  4, 10 bits


	Channel coding
	TS36.212 (32, A) CQI channel coding with repetition to 48 coded bits

	Data SC-FDMA symbols
	1st, 3rd, 4th, 5th, 7th per slot

	RS SC-FDMA symbols
	2nd and 6th per slot

	Receiver
	MMSE equalization, 

ML channel decoding


A.2 Link simulation results
Note: In the following, SCSTBC is just the Alamouti coding before DFT.
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Figure A.1 BLER vs SNR for 2 Bits transmission in PUCCH format 3 (ETU 3km/h)
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Figure A.2 BLER vs SNR for 4 Bits transmission in PUCCH format 3 (ETU 3km/h)
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Figure A.3 BLER vs SNR for 10 Bits transmission in PUCCH format 3 (ETU 3km/h)
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Figure A.4 BLER vs SNR for 2 Bits transmission in PUCCH format 3 (ETU 120km/h)

[image: image11.emf]-12


-10


-8


-6


-4


-2


0


10


-3


10


-2


10


-1


10


0


SNR(dB)


  BLER 


EPA,2x1, 3km/h


FSTD


SORTD


SISO


SCSTBC


MSFBC




-12 -10 -8 -6 -4 -2 0

10

-3

10

-2

10

-1

10

0

SNR(dB)  BLER EPA,2x1, 3km/h

FSTD

SORTD

SISO

SCSTBC

MSFBC


Figure A.5 BLER vs SNR for 4 Bits transmission in PUCCH format 3 (ETU 120km/h)
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Figure A.6 BLER vs SNR for 10 Bits transmission in PUCCH format 3 (ETU 120km/h)
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Figure A.7 BLER vs SNR for 2 Bits transmission in PUCCH format 3 (EPA 3km/h)
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Figure A.8 BLER vs SNR for 4 Bits transmission in PUCCH format 3 (EPA 3km/h)
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Figure A.9 BLER vs SNR for 10 Bits transmission in PUCCH format 3 (EPA 3km/h)
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