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1. Introduction

In RAN1 63 meeting, there were comprehensive discussions on transmit diversity schemes for PUCCH format 3, and SORTD (Spatial Orthogonal Resource Transmit Diversity) was agreed as a PUCCH format 3 TxD scheme in Rel-10 [1]. It was further agreed to study suitable TxD schemes that minimize the impact on the multiplexing capacity for Rel-11.
This contribution discusses several TxD schemes for PUCCH format 3 and provides link level simulation results in terms of ACK/NACK performances. 
2. Transmit Diversity Schemes for PUCCH Format 3
SORTD [14]
The modulation symbol d(i) is transmitted on orthogonal resource 0 for antenna port 0 and the same modulation symbol d(i) is transmitted on orthogonal resource 1 for antenna port 1 [14]. The previous extensive studies showed that SORTD outperforms all the other TxD schemes [2]-[13]. Two orthogonal resources for two different antennas are required for SORTD.
SFBC (Space-Frequency Block Coding) [11][12]
Figure 1 shows SFBC for antenna port 1. For antenna port 0, the same physical mapping can be applied as 1Tx transmission. Space-block coding is applied in frequency domain. In order to keep low CM (Cubic Metric), the reverse, conjugate, sign alternation and half-frequency shift were applied [11][12]. In this sense, it has been also called low-CM SFBC. It also requires one orthogonal resource for data symbols as long as separate channel estimation for each transmit antenna is possible. The separate channel estimation for each antenna port in normal CP case can be achieved by applying OCC on top of RS symbols without consuming additional resource (ie. [+1 +1] for antenna port 0 and [+1 -1] for antenna port 1). Therefore, one orthogonal resource is required for SFBC. For extended CP case, two different cyclic shifts can be used to estimate channel from each antenna. However, since the current cyclic shift values have been determined to ensure maximal distance between two shift values, additional usage for second antenna will cause a loss of orthogonality in UE multiplexing perspective.
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Figure 1 SFBC (only antenna port 1 is shown) [11][12]
STBC (Space-Time Block Coding) [7]
Figure 2 shows STBC concept for PUCCH format 3. Space-block coding is applied in consecutive virtual subcarrier domain before DFT precoding while keeping single carrier property. The spatial diversity gain can be obtained by means of space block coding. It also requires one orthogonal resource for data symbols as long as separate channel estimation for each transmit antenna is possible. The separate channel estimation for each antenna port in normal CP case can be achieved by applying OCC on top of RS symbols without consuming additional resource (ie. [+1 +1] for antenna port 0 and [+1 -1] for antenna port 1). Therefore, one orthogonal resource is required for STBC. For extended CP case, two different cyclic shifts can be used to estimate channel from each antenna. However, since the current cyclic shift values have been determined to ensure maximal distance between two shift values, additional usage for second antenna will cause a loss of orthogonality in UE multiplexing perspective.
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Figure 2 STBC [7]
The STBC, in principle, relies on time-domain detection after 12-point IDFT processing at receiver. This requires additional IDFT processing with advanced receiver (eg. detector type A in Chapter 3). In addition, STBC requires two times 12-point DFT precoding operations which require more complexities at transmitter compared to other TxD schemes. 
FSTD1 [6]
As seen in Figure 3, FSTD1 represents that the modulation symbols are transmitted on different antenna ports in subcarrier domain. By using this, the channel coding gain can be converted into spatial diversity gain in antenna permutation manner. It also requires one orthogonal resource for data symbols as long as separate channel estimation for each transmit antenna is possible. The separate channel estimation for each antenna port in normal CP case can be achieved by applying OCC on top of RS symbols without consuming additional resource (ie. [+1 +1] for antenna port 0 and [+1 -1] for antenna port 1). Therefore, one orthogonal resource is required for FSTD1. For extended CP case, two different cyclic shifts can be used to estimate channel from each antenna. However, since the current cyclic shift values have been determined to ensure maximal distance between two shift values, additional usage for second antenna will cause a loss of orthogonality in UE multiplexing perspective.
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Figure 3 FSTD1 [6]
The FSTD1 can be written as follows (captured from [15]);
The block of complex-valued symbols 
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resulting in P blocks of complex-valued symbols 
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 is to be transmitted on antenna port p.
In short, even/odd numbers of modulation symbol y(m) are fed into 6-point DFT precoding and then are transmitted on the antenna port 0/1 on even/odd subcarriers, respectively. However, as for dual RM coding, since two codewords are not permutated, the significant ACK/NACK performance loss happens (eg. see simulation results in Chapter 3). The application for dual RM coding is illustrated in Figure 4.
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Figure 4 Illustration of FSTD1 for dual RM coding
FSTD2

The FSTD2 is basically same as FSTD1 except for the mapping of modulation symbol y(m) to DFT precoding. The FSTD2 can be written as;
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By permuting two codewords in dual RM, the problem mentioned in FSTD1 can be solved. The application for dual RM coding is illustrated in Figure 5. All characteristics of FSTD2 are same as FSTD1.
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Figure 5 FSTD2 
3. Simulations
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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· 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 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.

 The remaining parameters are listed in Table 1 and the link level simulation results are shown in Annex A.

Table 1 Link level simulation parameters
	Parameters
	Value

	Carrier frequency
	2GHz

	System bandwidth
	5MHz

	Channel model
	ETU

	Velocity
	3km/h

	Frequency hopping
	At slot boundary

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

	Tx/Rx antenna correlation
	Uncorrelated

	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, FSTD1, FSTD2

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


Figure 6 to Figure 7 show the required SNR to meet Pr(DTX->ACK)<1%, Pr(ACK->NACK/DTX)<1%, and Pr(NACK->ACK)<0.1% for TxD schemes with detector type A and B, respectively. The simulation results for required SNR are also tabulated Table 2 and Table 3. From the simulation results, we observe that
· SORTD shows the best ACK/NACK performances for most scenarios among the TxD schemes.
· Among the TxD schemes of FSTD2, SFBC, and STBC, they show the similar ACK/NACK performances but SFBC shows the slightly best ACK/NACK performances among them.

· With detector type A, FSTD2, SFBC, and STBC show the similar performances for all A/N bit range.

· With detector type B, FSTD2, SFBC, and STBC show the similar performances for no more than 12 A/N bit range. For more than 10 A/N bit range, SFBC outperforms other TxD schemes.

· FSTD1 shows worse ACK/NACK performance even than single antenna transmission for more than 11 ACK/NACK bits.
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Figure 6 Required SNR for TxD schemes – ETU 3km/h, DTX->ACK DEF2, Detector type A
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Figure 7 Required SNR for TxD schemes – ETU 3km/h, DTX->ACK DEF2, Detector type B
Table 2 Required SNR [dB] and SNR gain over 1Tx for Pr(DTX->ACK)<1%, Pr(ACK->NACK/DTX)<1%, and Pr(NACK->ACK)<0.1% - ETU 3km/h, Detector type A
	
	1Tx
	FSTD1
	FSTD2
	SFBC
	STBC
	SORTD

	Number of A/N bits
	Req. SNR [dB]
	SNR gain over 1Tx [dB]
	Req. SNR [dB]
	SNR gain over 1Tx [dB]
	Req. SNR [dB]
	SNR gain over 1Tx [dB]
	Req. SNR [dB]
	SNR gain over 1Tx [dB]
	Req. SNR [dB]
	SNR gain over 1Tx [dB]
	Req. SNR [dB]
	SNR gain over 1Tx [dB]

	2
	-6.70
	0.00 
	-7.13
	0.44 
	-7.16
	0.47 
	-7.81
	1.12 
	-7.82
	1.12 
	-7.82 
	1.12 

	4
	-6.12
	0.00 
	-6.80
	0.67 
	-6.80
	0.67 
	-7.29
	1.16 
	-7.22
	1.10 
	-7.25 
	1.12 

	6
	-5.17
	0.00 
	-6.10
	0.94 
	-6.12
	0.95 
	-6.20
	1.04 
	-6.38
	1.21 
	-6.91 
	1.74 

	8
	-3.95
	0.00 
	-5.02
	1.07 
	-5.06
	1.11 
	-5.17
	1.22 
	-5.28
	1.32 
	-5.78 
	1.82 

	10
	-2.27
	0.00 
	-3.98
	1.70 
	-4.15
	1.88 
	-4.49
	2.22 
	-4.38
	2.11 
	-5.10 
	2.83 

	12
	-1.19
	0.00 
	-0.16
	-1.03 
	-3.12
	1.93 
	-3.35
	2.16 
	-3.13
	1.94 
	-3.84 
	2.65 

	14
	-0.01
	0.00 
	0.97
	-0.98 
	-2.28
	2.27 
	-2.51
	2.50 
	-2.48
	2.47 
	-3.15 
	3.14 

	16
	0.93
	0.00 
	1.76
	-0.83 
	-1.17
	2.10 
	-1.76
	2.69 
	-1.60
	2.53 
	-2.39 
	3.32 

	18
	1.66
	0.00 
	2.56
	-0.90 
	-0.81
	2.47 
	-1.09
	2.75 
	-0.76
	2.42 
	-2.13 
	3.79 

	20
	2.90
	0.00 
	3.67
	-0.76 
	0.52
	2.38 
	-0.49
	3.40 
	-0.49
	3.39 
	-1.39 
	4.30 


Table 3 Required SNR [dB] and SNR gain over 1Tx for Pr(DTX->ACK)<1%, Pr(ACK->NACK/DTX)<1%, and Pr(NACK->ACK)<0.1% - ETU 3km/h, Detector type B
	
	1Tx
	FSTD1
	FSTD2
	SFBC
	STBC
	SORTD

	Number of A/N bits
	Req. SNR [dB]
	SNR gain over 1Tx [dB]
	Req. SNR [dB]
	SNR gain over 1Tx [dB]
	Req. SNR [dB]
	SNR gain over 1Tx [dB]
	Req. SNR [dB]
	SNR gain over 1Tx [dB]
	Req. SNR [dB]
	SNR gain over 1Tx [dB]
	Req. SNR [dB]
	SNR gain over 1Tx [dB]

	2
	-6.06 
	0.00 
	-7.08 
	1.01 
	-7.26 
	1.19 
	-6.85 
	0.79 
	-7.26 
	1.20 
	-7.23 
	1.17 

	4
	-4.66 
	0.00 
	-6.12 
	1.47 
	-6.19 
	1.53 
	-6.27 
	1.61 
	-6.42 
	1.76 
	-6.86 
	2.21 

	6
	-4.10 
	0.00 
	-5.30 
	1.21 
	-5.45 
	1.35 
	-5.22 
	1.13 
	-5.19 
	1.10 
	-6.17 
	2.07 

	8
	-2.79 
	0.00 
	-4.11 
	1.32 
	-4.15 
	1.36 
	-4.25 
	1.46 
	-4.11 
	1.32 
	-4.70 
	1.91 

	10
	-1.81 
	0.00 
	-3.12 
	1.31 
	-3.31 
	1.49 
	-3.32 
	1.51 
	-3.12 
	1.30 
	-4.15 
	2.34 

	12
	-0.81 
	0.00 
	0.69 
	-1.50 
	-2.20 
	1.39 
	-2.40 
	1.59 
	-2.07 
	1.26 
	-3.07 
	2.26 

	14
	0.42 
	0.00 
	1.67 
	-1.25 
	-1.32 
	1.74 
	-1.65 
	2.07 
	-1.27 
	1.70 
	-2.39 
	2.82 

	16
	0.98 
	0.00 
	2.16 
	-1.18 
	-0.30 
	1.28 
	-1.08 
	2.06 
	-0.55 
	1.53 
	-1.67 
	2.65 

	18
	1.55 
	0.00 
	2.89 
	-1.34 
	-0.09 
	1.65 
	-0.45 
	2.00 
	-0.09 
	1.65 
	-1.47 
	3.02 

	20
	2.59 
	0.00 
	3.72 
	-1.13 
	1.21 
	1.38 
	-0.02 
	2.61 
	0.49 
	2.10 
	-0.87 
	3.46 


4. Conclusion
In this contribution, we discussed the TxD schemes of SORTD, FSTD1, FSTD2, SFBC, and STBC and performed the link level simulations in terms of ACK/NACK performances. Among FSTD2, SFBC, and STBC, they show the similar ACK/NACK performances. Finally, we confirmed again that SORTD outperforms all the other TxD schemes from the simulation results. Since the SORTD with the best ACK/NACK performances has been already adopted in Rel-10 and the TxD mode can be configured by eNB depending on the situations, it is foreseen that there is no need of additional TxD scheme in Rel-11. Therefore, we propose that no additional TxD scheme for PUCCH format 3 is introduced in Rel-11.
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Annex A. Link Level Simulation Results
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