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1 Introduction

In the RAN1#62 meeting, transmit diversity (TxD) for PUCCH Format 3 was discussed. According to the decision, if TxD is supported for PUCCH Format 3, the alternatives are the following: 
· Alt1 is Alamouti coding before DFT [1].
· Alt2 is Modified SFBC [2]
· Alt3 is FSTD [3]
· Alt4 is SORTD [6]
For performance evaluation, simulation assumptions described in [4] are used. In this contribution, we compare the four alternatives with single-antenna transmission. All alternatives maintain the good cubic-metric (CM) properties of the SC-FDMA scheme.
2 Alt1: Alamouti STBC before DFT
When combined with SC-FDMA, the well-known Alamouti scheme can be applied within a SC-FDMA symbol, on the six pairs of modulation symbols before the DFT operation [1], as depicted in Figure 1. Some performance degradation may appear due to channel selectivity: for each transmit antenna, there may be a different interference level for the first symbol and the second symbol of a pair. However, PUCCH Format 3 transmission only spans 12 sub-carriers.
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Figure 1: Alamouti STBC with SC-FDMA.

3 Alt2: Low-CM Alamouti SFBC (Modified SFBC)
The Alamouti scheme can also be applied on two symbols transmitted on two adjacent sub-carriers of the same SC-FDMA symbol. However, it results in a higher CM on the transmit antenna 2. The Alamouti scheme can be modified [2][5] as depicted in Figure 2 in order to guarantee the same CM as STBC on both transmit antennas. In practice, the 12 sub-carriers are divided into two groups of 6 sub-carriers and within each group the Alamouti scheme is applied on the first sub-carrier and the sixth sub-carrier, on the second sub-carrier and the fifth sub-carrier and on the third sub-carrier and the fourth sub-carrier. Here again, performance degradation due to channel frequency selectivity may arise as the frequency distance between symbols jointly encoded by the SFBC increases but this degradation will be limited thanks to the small bandwidth of PUCCH.
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Figure 2: Low-CM Alamouti SFBC with SC-FDMA (12 sub-carriers).

4 Alt3: Frequency switch transmit diversity (FSTD)
The FSTD scheme can be easily applied by mapping symbols to be transmitted on the first antenna on odd sub-carriers and symbols to be transmitted on the second antenna on even sub-carriers as depicted in Figure 3. In order to keep single-carrier-like CM, one size-6 DFT per antenna is needed. The spatial diversity must be recovered by the block code, which has low code rate for PUCCH Format 3.
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	Figure 3: FSTD with SC-FDMA.
	Figure 4: SORTD with SC-FDMA.


5 Alt4: SORTD
With spatial orthogonal resource transmit diversity (SORTD), as depicted in Figure 4, one orthogonal resource, e.g. one orthogonal sequence (OCC), is used for each transmit antenna. Compared to other schemes, SORTD requires two orthogonal resources per UE instead of one. Thus, the multiplexing capacity is reduced from 5 to 2.5 UEs per PUCCH PRB.
6 Simulation results

The simulation parameters are summarized in Table 1. They follow [4].
	System bandwidth
	5 MHz

	CP type
	Normal CP

	Modulation
	QPSK

	Channel code
	Block code (32, k) according to Table 5.2.2.6.4-1 in 36.212,
rate matched to (48, k)

	Channel
	Uncorrelated 1x2 or 2x2 ETU channel (3 km/h and 120 km/h)

	DTX detection scheme
	Per-sub-carrier, per-slot time domain dispreading and power summation for different slots and sub-carriers (for SORTD, this operation is carried out for both orthogonal sequences. Thus, SORTD DTX detection gathers more noise, resulting in a higher ACK-to-PUCCH DTX probability) 

	ACK / NACK decoding
	ML decoding among the 2k possible transmitted sequences of 10 SC-FDMA symbols

	DTX ( ACK error
	Freq(PUCCH DTX ( ACK bits) = 10-2

	Operating SNR
	SNR such that Prob(ACK ( NACK,DTX) ≤ 10-2 
and Prob(NACK ( ACK) ≤ 10-3

	Channel estimation
	Actual

	Reference signal structure
	CDM via half-symbol cyclic shift (one DM-RS resource used by each antenna)

	Number of UEs
	1


Table 1: Simulation parameters.

From Table 2 and Table 3, summarizing the performance results shown in Figures 5-16, we see a gain of 0.3 to 1.9 dB of TxD schemes compared to SIMO. Thus, it is worth introducing a 2-Tx transmit diversity scheme for PUCCH Format 3.
SORTD brings some performance gain for 8-bit ACK/NACK (0.3-dB gain) and 10-bit ACK/NACK (0.5-0.6-dB gain) at the cost of a multiplexing capacity reduced from 5 to 2.5 UEs. Thus, retaining one of Alt1, Alt2 and Alt3 is preferable.
The performances of Alt1, Alt2 and Alt3 are very close. The scheme among these alternatives showing best performance in most cases is Alt2 (Low-CM SFBC). However, the gain is very low (at most 0.5 dB compared to FSTD, at most 0.3 dB compared to STBC).
	Number of ACK/NACK bits k
	Alt1: STBC
	Alt2: Low-CM SFBC
	Alt3: FSTD


	Alt4: SORTD
	SIMO

	2
	-5.2
	-5.4
	-5.3
	-4
	-3.6

	3
	-5
	-5.1
	-5.1
	-3.8
	-3.2

	4
	-4.9
	-4.9
	-4.8
	-3.7
	-3.2

	5
	-4.6
	-4.7
	-4.4
	-3.6
	-3.2

	6
	-4.3
	-4.3
	-4.1
	-3.6
	-3

	8
	-3.1
	-3.1
	-2.8
	-3.4
	-2.8

	10
	-2.4
	-2.6
	-2.2
	-3.2
	-2.3


Table 2: Operating SNR (dB) for different schemes at 3km/h.

	Number of ACK/NACK bits k
	Alt1: STBC
	Alt2: Low-CM SFBC
	Alt3: FSTD


	Alt4: SORTD
	SIMO

	2
	-5.2
	-5.3
	-5.2
	-3.9
	-3.7

	3
	-4.9
	-4.8
	-5
	-3.9
	-3.3

	4
	-4.5
	-4.6
	-4.3
	-3.9
	-3.3

	5
	-4.2
	-4.2
	-4
	-3.7
	-3.1

	6
	-3.6
	-3.9
	-3.4
	-3.5
	-3

	8
	-2.8
	-2.8
	-2.5
	-3.1
	-2.8

	10
	-2
	-2
	-1.8
	-2.5
	-2.1


Table 3: Operating SNR (dB) for different schemes at 120km/h.
7 Summary

According to the discussion above, we prefer:
· Specifying a 2-Tx transmit diversity scheme for PUCCH Format 3

· Retaining one of Alt1 (STBC), Alt2 (Low-CM SFBC) or Alt3 (FSTD)

· with a slight preference for Alt2
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	Figure 5: 2-bit ACK/NACK, 3 km/h.
	Figure 6: 2-bit ACK/NACK, 120 km/h.
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	Figure 7: 3-bit ACK/NACK, 3 km/h.
	Figure 8: 3-bit ACK/NACK, 120 km/h.
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	Figure 9: 4-bit ACK/NACK, 3 km/h.
	Figure 10: 4-bit ACK/NACK, 120 km/h.

	
	

	
	

	[image: image11.png]T
— SIMO A->N/D
***** SIMO N->A
—&— 8§TBC A->N/D
—-&—-8TBC N->A
—— SORTD A->N/D
——¢—-8ORTD N->A
SC-SFBC A->N/D
SC-SFBC N->A
—+— FSTD A->N/D
— - FSTD N->A

10°

9 8 7 ) 5 4
SNR (dB)




	[image: image12.png]10

107 &

10°

T
PN
G-

—— SORTD A->N/D

IV

.
-

SIMO A->N/D
SIMO N->A
STBC A->N/D
STBC N->A

SORTD N->A

SC-SFBC A->N/D

SC-SFBC N->A
FSTD A->N/D
FSTD N->A

-6 -5
SNR (dB)





	Figure 11: 5-bit ACK/NACK, 3 km/h.
	Figure 12: 5-bit ACK/NACK, 120 km/h.
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	Figure 13: 6-bit ACK/NACK, 3 km/h.
	Figure 14: 6-bit ACK/NACK, 120 km/h.
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	Figure 15: 8-bit ACK/NACK, 3 km/h.
	Figure 16: 8-bit ACK/NACK, 120 km/h.
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	Figure 17: 10-bit ACK/NACK, 3 km/h.
	Figure 18: 10-bit ACK/NACK, 120 km/h.
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