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1 Introduction

DFT-S-OFDM has been adopted for PUCCH format 3 in Rel-10 to support carrier aggregation ACK/NACK transmission. In addition, SORTD has been adopted as the transmit diversity (TxD) scheme for PUCCH format 3 in Rel-10. However, many companies have expressed an important concern that SORTD incurs significant penalty in the multiplexing capacity compared to single-antenna case, and therefore diminishes the usefulness of PUCCH format 3.  
Transmit diversity provides substantial SINR gains, and therefore reduces the geometry needed to achieve the required reliability. Most UEs in a typical cell do not have such geometries, so a significant fraction of UEs will be able to meet the required SINR by employing TxD. This means there is a significant benefit to support TxD for as many UEs as possible and, therefore, the multiplexing capacity of the TxD scheme used is an important criterion. 

SORTD uses one orthogonal covering code (OCC) per Tx antenna. Given that within a subframe there are only 5 (4 in case of an SRS subframe) distinct OCCs, the multiplexing capacity of SORTD is only 2 UEs per PRB.  
Obviously, SORTD has a serious deficiency in multiplexing capacity. Consider a system with 10-RB UL bandwidth. Even if the entire bandwidth is used for PUCCH format 3 TxD, the system is able to support only 20 UEs in a subframe. Since PUCCH format 3 cannot coexist with other PUCCH formats in the same PRB, the number is even smaller when another PUCCH format is present. 
Given that SORTD cuts the multiplexing capacity by at least 50%, it is beneficial to consider for Rel-11 an alternative PUCCH format 3 transmit diversity scheme that eliminates this disadvantage. This contribution discusses a number of TxD schemes that have been identified during Rel-10 standardization and addresses how a different TxD scheme can be supported in Rel-11.   
2 Legacy consideration for PUCCH format 3 TxD 
It is beneficial for a Rel-11 UE to be able exploit the benefits TxD in a Rel-10 network. Therefore, a Rel-11 UE should support PUCCH format 3 SORTD. However, in order to remove the multiplexing capacity deficiency posed by SORTD, Rel-11 should support a non-SORTD scheme. With the existence of two TxD schemes, it is necessary to use a scheme selection method. This naturally can be done by means of RRC signaling.  
It is possible to let the Rel-11 UE decide which TxD scheme to support. However, this may not be a desirable approach. If a Rel-11 UE chooses to support only the non-SORTD scheme, it will not be able to use TxD in a Rel-10 network, which does not support the non-SORTD scheme. On the other hand, if a Rel-11 UE chooses to support only the SORTD scheme, it will be able to use TxD in both Rel-10 and Rel-11 networks; this approach, however, gives the eNB no freedom to control the multiplexing capacity. 
3 Candidate Schemes for PUCCH TxD
During the Rel-10 standardization, four alternative schemes have been identified as candidates for PUCCH format 3 TxD.  We briefly describe these alternatives as follows. 
Alt 1:
This alternative is described in [1] [2] and is illustrated in Figure 1 below. This scheme employs Alamouti encoding of the modulation symbols across the two transmit antennas before the DFT operation. 
Alt 2:

This alternative is a modified SFBC described in [3][4] and depicted in Figure 2.  The signal transmitted on the second antenna is a transformed version of the DFT output for the first antenna. This transform consists of reversing the order of the first antanna’s DFT output, taking the complex conjugation, negating every other element, and then cyclically shifting the resulting sequence by 6 subcarriers.
Alt 3:

This alternative is described in [5] and depicted in Figure 3. This transmission scheme is a frequency-switched transmit diversity technique, where the first antenna transmits on the 6 even-index subcarriers and the second antenna transmits on the 6 odd-index subcarriers within a PRB. The first antenna carries 6 of the 12 modulation symbols while the second antenna carries the remaining 6 modulation symbols. This scheme uses size-12 DFT for 1Tx case and size-6 DFT per antenna for 2Tx case. 
Alt 4:

This alternative, which is adopted in Rel-10, is a space-orthogonal-resource transmit diversity (SORTD) scheme, shown in Figure 4, where two antennas utilize orthogonal resources and transmit the same modulation symbol sequence in the same manner. The two orthogonal resources we consider herein are two orthogonal cover codes; the antennas transmit in the same PRB in each slot of a subframe. 
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Figure 1: PUCCH format 3 TxD scheme using Alamouti encoding before DFT (Alt. 1), with 
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 being a length-5 spreading code [1][2]. This illustrate is for the first slot of a subframe, and the same mechanism with the same spreading factor 5, or a spreading factor 4 in case of SRS, is applied to the second slot. 
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Figure 2: Modified SFBC TxD scheme (Alt. 2) for PUCCH format 3 [3][4].
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Figure 3: Frequency-switch TxD scheme (Alt. 3) for PUCCH format 3 [5]. 
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Figure 4: SORTD scheme (Alt. 4) for PUCCH format 3.  

4 Simulation results 

For the simulation results shown below, energy detection is employed and the detection threshold is set such that 
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In addition, each bit of the payload is generated such that it takes on a NAK or ACK value with the same a priori probability.

From the simulation results shown below, we make the following observations:

1) The performance gain of 2Tx transmit diversity relative to the 1Tx case is very large. In many cases, the gain can be as high as 3.5 dB. 

2) Alt 1 and Alt 2 have virtually the same performance. 

3) In most cases observed, Alt 4 underperforms significantly compared to the other TxD alternatives, even thought it takes twice the amount of resources. Alt 4 outperforms the other alternatives by at most 1.0 dB only for high payload sizes. 
4) Alt 3 is worse than Alt 1 and Alt 2 by about 0.25 dB. In case of Ped A channel with small payload sizes (Figure 5 and Figure 8), Alt 3 performs essentially the same as Alt 1 and Alt 2. However, for all the other cases, Alt 3 is worse than Alt 1 and Alt 2 up to 0.5 dB.    
It is worth understanding why SORTD is worse compared to the other TxD alternatives in many cases. Since SORTD uses two OCCs for two antennas, it collects more noise energy compared to the other alternatives when PUCCH detection is performed. In order to maintain the same false alarm probability, the energy detection threshold for SORTD is larger than for non-SORTD schemes. As a result, SORTD exhibits a larger missed detection probability and a larger 
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 metric. For many cases observed via simulation results below for SORTD, 
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 determines the minimum required SNR such that the performance metrics in [6] are satisfied, specifically,   
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Therefore, SORTD is worse than the other alternative in the required SNR metric.

In Figure 6 and Figure 7, it appears counter-intuitive in that the required SNR for the 1Tx case exhibits a non-monotonic behaviour as the payload size increases. However, this behaviour is entirely possible and indeed does happen in this case. The behaviour is due to the channel model, the interaction between 
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and the PUCCH false alarm probability is related to 
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where NPL is the payload size in bits. As NPL increases, the false alarm probability decreases and the PUCCH missed detection probability 
[image: image21.wmf]missed

P

 increases. From the relation (1) above, when 
[image: image22.wmf]missed

P

 increases by an amount larger than the amount by which 
[image: image23.wmf]NAK/DTX)

ACK

Pr(

®

 increases, 
[image: image24.wmf])

ACK

 

Pr(NAK 

®

 decreases; this behavior is most prominent when NPL is increasing but small (e.g., doubling from 2 to 4).  From the single-payload plots in the Appendix corresponding to Figure 6 and Figure 7, we see that the maximum required SNR is determined by the 
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 metric. Therefore, the required SNR in this case decreases as the payload size goes from 2 to 6 bits.  As NPL increases away from 6, it causes smaller changes in 
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 increases with NPL, so does the required SNR.   
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Figure 5: Required SNR as function of payload size for Ped A channel, 3 km/h speed, 10 MHz BW, 2Rx, 1 UE. 
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Figure 6: Required SNR as function of payload size for TU6 channel, 3 km/h speed, 5 MHz BW, 2Rx, 1 UE.
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Figure 7: Required SNR as function of payload size for TU6 channel, 120 km/h speed, 5 MHz BW, 2Rx, 1 UE. 
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Figure 8: Required SNR as function of payload size for Ped A channel, 3 km/h speed, 10 MHz BW, 2Rx, 2 UEs. 

5 Conclusion 

The benefits of having a non-SORTD scheme is clear as it removes the multiplexing capacity deficiency of SORTD for PUCCH format 3. This contribution investigates the performance of TxD  schemes identified during Rel-10 standardization. Alt 1 and Alt 2 achieve the best performance among all the alternatives. SORTD performs worse than the other three alternatives in many cases; it performs better only for high payload sizes, while it affords only half the multiplexing capacity. Alt 1 is also the simplest alternative as it reuses the same SC-FDMA signal processing engine for both antennas as in Rel. 8. Therefore, we make the following recommendations.
Proposal 1: Alt 1 is used for PUCCH format 3 transmit diversity in Rel-11.
Proposal 2: Use RRC signaling for PUCCH format 3 TxD scheme selection in Rel-11.

Appendix: Simulation Assumptions and more Results 

Table 1: Simulation parameters.
	Parameters
	Value

	Carrier frequency
	2.0 GHz

	Carrier bandwidth
	5 MHz for TU6, 10 MHz for Ped A

	Channel model
	TU, PedA 

	UE speed 
	3,  120 km/h

	Frequency hopping
	at slot boundary

	Number of Tx antennas
	1, 2

	Number of Rx antennas
	2

	Antenna correlation
	uncorrelated

	Channel estimation
	Practical 

	Noise variance estimation
	Ideal

	CP type
	normal CP

	Transmission schemes (normal subframe) 
	Alternatives 1, 2, 3, and 4.

	Signal bandwidth
	180 kHz (1 PRB)

	Number of UEs multiplexed 
	1, 2

	Rx false-alarm  performance criterion
	1) 
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* Either 1) or 2) above is used as stated in the body of the document.     



In the plots shown below, the circles represent 
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which is fixed at 0.01 for all schemes.
[image: image37.emf]-12 -10 -8 -6 -4 -2 0 2 4

10

-3

10

-2

10

-1

10

0

Es/No [dB]

2 bits, 10 MHz BW, PedA channel, 3 km/h, 2Rx, 1 UE

 

 

1Tx Pr(ACK->NAK/DTX)

1Tx Pr(NAK->ACK)

Alt.1 2Tx Pr(ACK->NAK/DTX)

Alt.2 2Tx Pr(ACK->NAK/DTX)

Alt.3 2Tx Pr(ACK->NAK/DTX)

Alt.4 2Tx Pr(ACK->NAK/DTX)

Alt.1 2Tx Pr(NAK->ACK)

Alt.2 2Tx Pr(NAK->ACK)

Alt.3 2Tx Pr(NAK->ACK)

Alt.4 2Tx Pr(NAK->ACK)

Pr(ACK->NAK/DTX)

Pr(NAK->ACK)


[image: image38.emf]-12 -10 -8 -6 -4 -2 0 2 4

10

-3

10

-2

10

-1

10

0

Es/No [dB]

4 bits, 10 MHz BW, PedA channel, 3 km/h, 2Rx, 1 UE

 

 

1Tx Pr(ACK->NAK/DTX)

1Tx Pr(NAK->ACK)

Alt.1 2Tx Pr(ACK->NAK/DTX)

Alt.2 2Tx Pr(ACK->NAK/DTX)

Alt.3 2Tx Pr(ACK->NAK/DTX)

Alt.4 2Tx Pr(ACK->NAK/DTX)

Alt.1 2Tx Pr(NAK->ACK)

Alt.2 2Tx Pr(NAK->ACK)

Alt.3 2Tx Pr(NAK->ACK)

Alt.4 2Tx Pr(NAK->ACK)

Pr(ACK->NAK/DTX)

Pr(NAK->ACK)


[image: image39.emf]-12 -10 -8 -6 -4 -2 0 2 4

10

-3

10

-2

10

-1

10

0

Es/No [dB]

6 bits, 10 MHz BW, PedA channel, 3 km/h, 2Rx, 1 UE

 

 

1Tx Pr(ACK->NAK/DTX)

1Tx Pr(NAK->ACK)

Alt.1 2Tx Pr(ACK->NAK/DTX)

Alt.2 2Tx Pr(ACK->NAK/DTX)

Alt.3 2Tx Pr(ACK->NAK/DTX)

Alt.4 2Tx Pr(ACK->NAK/DTX)

Alt.1 2Tx Pr(NAK->ACK)

Alt.2 2Tx Pr(NAK->ACK)

Alt.3 2Tx Pr(NAK->ACK)

Alt.4 2Tx Pr(NAK->ACK)

Pr(NAK->ACK)

Pr(ACK->NAK/DTX)


[image: image40.emf]-12 -10 -8 -6 -4 -2 0 2 4

10

-3

10

-2

10

-1

10

0

Es/No [dB]

8 bits, 10 MHz BW, PedA channel, 3 km/h, 2Rx, 1 UE

 

 

1Tx Pr(ACK->NAK/DTX)

1Tx Pr(NAK->ACK)

Alt.1 2Tx Pr(ACK->NAK/DTX)

Alt.2 2Tx Pr(ACK->NAK/DTX)

Alt.3 2Tx Pr(ACK->NAK/DTX)

Alt.4 2Tx Pr(ACK->NAK/DTX)

Alt.1 2Tx Pr(NAK->ACK)

Alt.2 2Tx Pr(NAK->ACK)

Alt.3 2Tx Pr(NAK->ACK)

Alt.4 2Tx Pr(NAK->ACK)

Pr(ACK->NAK/DTX)

Pr(NAK->ACK)


[image: image41.emf]-12 -10 -8 -6 -4 -2 0 2 4

10

-3

10

-2

10

-1

10

0

Es/No [dB]

10 bits, 10 MHz BW, PedA channel, 3 km/h, 2Rx, 1 UE

 

 

1Tx Pr(ACK->NAK/DTX)

1Tx Pr(NAK->ACK)

Alt.1 2Tx Pr(ACK->NAK/DTX)

Alt.2 2Tx Pr(ACK->NAK/DTX)

Alt.3 2Tx Pr(ACK->NAK/DTX)

Alt.4 2Tx Pr(ACK->NAK/DTX)

Alt.1 2Tx Pr(NAK->ACK)

Alt.2 2Tx Pr(NAK->ACK)

Alt.3 2Tx Pr(NAK->ACK)

Alt.4 2Tx Pr(NAK->ACK)

Pr(ACK->NAK/DTX)

Pr(NAK->ACK)


[image: image42.emf]-12 -10 -8 -6 -4 -2 0 2 4

10

-3

10

-2

10

-1

10

0

Es/No [dB]

2 bits, 5 MHz BW, TU6 channel, 3 km/h, 2Rx, 1 UE

 

 

1Tx Pr(ACK->NAK/DTX)

1Tx Pr(NAK->ACK)

Alt.1 2Tx Pr(ACK->NAK/DTX)

Alt.2 2Tx Pr(ACK->NAK/DTX)

Alt.3 2Tx Pr(ACK->NAK/DTX)

Alt.4 2Tx Pr(ACK->NAK/DTX)

Alt.1 2Tx Pr(NAK->ACK)

Alt.2 2Tx Pr(NAK->ACK)

Alt.3 2Tx Pr(NAK->ACK)

Alt.4 2Tx Pr(NAK->ACK)

Pr(NAK->ACK)

Pr(ACK->NAK/DTX)


[image: image43.emf]-12 -10 -8 -6 -4 -2 0 2 4

10

-3

10

-2

10

-1

10

0

Es/No [dB]

4 bits, 5 MHz BW, TU6 channel, 3 km/h, 2Rx, 1 UE

 

 

1Tx Pr(ACK->NAK/DTX)

1Tx Pr(NAK->ACK)

Alt.1 2Tx Pr(ACK->NAK/DTX)

Alt.2 2Tx Pr(ACK->NAK/DTX)

Alt.3 2Tx Pr(ACK->NAK/DTX)

Alt.4 2Tx Pr(ACK->NAK/DTX)

Alt.1 2Tx Pr(NAK->ACK)

Alt.2 2Tx Pr(NAK->ACK)

Alt.3 2Tx Pr(NAK->ACK)

Alt.4 2Tx Pr(NAK->ACK)

Pr(NAK->ACK)

Pr(ACK->NAK/DTX)


[image: image44.emf]-12 -10 -8 -6 -4 -2 0 2 4

10

-3

10

-2

10

-1

10

0

Es/No [dB]

6 bits, 5 MHz BW, TU6 channel, 3 km/h, 2Rx, 1 UE

 

 

1Tx Pr(ACK->NAK/DTX)

1Tx Pr(NAK->ACK)

Alt.1 2Tx Pr(ACK->NAK/DTX)

Alt.2 2Tx Pr(ACK->NAK/DTX)

Alt.3 2Tx Pr(ACK->NAK/DTX)

Alt.4 2Tx Pr(ACK->NAK/DTX)

Alt.1 2Tx Pr(NAK->ACK)

Alt.2 2Tx Pr(NAK->ACK)

Alt.3 2Tx Pr(NAK->ACK)

Alt.4 2Tx Pr(NAK->ACK)

Pr(NAK->ACK)

Pr(ACK->NAK/DTX)


[image: image45.emf]-12 -10 -8 -6 -4 -2 0 2 4

10

-3

10

-2

10

-1

10

0

Es/No [dB]

8 bits, 5 MHz BW, TU6 channel, 3 km/h, 2Rx, 1 UE

 

 

1Tx Pr(ACK->NAK/DTX)

1Tx Pr(NAK->ACK)

Alt.1 2Tx Pr(ACK->NAK/DTX)

Alt.2 2Tx Pr(ACK->NAK/DTX)

Alt.3 2Tx Pr(ACK->NAK/DTX)

Alt.4 2Tx Pr(ACK->NAK/DTX)

Alt.1 2Tx Pr(NAK->ACK)

Alt.2 2Tx Pr(NAK->ACK)

Alt.3 2Tx Pr(NAK->ACK)

Alt.4 2Tx Pr(NAK->ACK)

Pr(ACK->NAK/DTX)

Pr(NAK->ACK)


[image: image46.emf]-12 -10 -8 -6 -4 -2 0 2 4

10

-3

10

-2

10

-1

10

0

Es/No [dB]

10 bits, 5 MHz BW, TU6 channel, 3 km/h, 2Rx, 1 UE

 

 

1Tx Pr(ACK->NAK/DTX)

1Tx Pr(NAK->ACK)

Alt.1 2Tx Pr(ACK->NAK/DTX)

Alt.2 2Tx Pr(ACK->NAK/DTX)

Alt.3 2Tx Pr(ACK->NAK/DTX)

Alt.4 2Tx Pr(ACK->NAK/DTX)

Alt.1 2Tx Pr(NAK->ACK)

Alt.2 2Tx Pr(NAK->ACK)

Alt.3 2Tx Pr(NAK->ACK)

Alt.4 2Tx Pr(NAK->ACK)

Pr(ACK->NAK/DTX)

Pr(NAK->ACK)


[image: image47.emf]-12 -10 -8 -6 -4 -2 0 2 4

10

-3

10

-2

10

-1

10

0

Es/No [dB]

2 bits, 5 MHz BW, TU6 channel, 120 km/h, 2Rx, 1 UE

 

 

1Tx Pr(ACK->NAK/DTX)

1Tx Pr(NAK->ACK)

Alt.1 2Tx Pr(ACK->NAK/DTX)

Alt.2 2Tx Pr(ACK->NAK/DTX)

Alt.3 2Tx Pr(ACK->NAK/DTX)

Alt.4 2Tx Pr(ACK->NAK/DTX)

Alt.1 2Tx Pr(NAK->ACK)

Alt.2 2Tx Pr(NAK->ACK)

Alt.3 2Tx Pr(NAK->ACK)

Alt.4 2Tx Pr(NAK->ACK)

Pr(NAK->ACK)

Pr(ACK->NAK/DTX)


[image: image48.emf]-12 -10 -8 -6 -4 -2 0 2 4

10

-3

10

-2

10

-1

10

0

Es/No [dB]

4 bits, 5 MHz BW, TU6 channel, 120 km/h, 2Rx, 1 UE

 

 

1Tx Pr(ACK->NAK/DTX)

1Tx Pr(NAK->ACK)

Alt.1 2Tx Pr(ACK->NAK/DTX)

Alt.2 2Tx Pr(ACK->NAK/DTX)

Alt.3 2Tx Pr(ACK->NAK/DTX)

Alt.4 2Tx Pr(ACK->NAK/DTX)

Alt.1 2Tx Pr(NAK->ACK)

Alt.2 2Tx Pr(NAK->ACK)

Alt.3 2Tx Pr(NAK->ACK)

Alt.4 2Tx Pr(NAK->ACK)

Pr(NAK->ACK)

Pr(ACK->NAK/DTX)


[image: image49.emf]-12 -10 -8 -6 -4 -2 0 2 4

10

-3

10

-2

10

-1

10

0

Es/No [dB]

6 bits, 5 MHz BW, TU6 channel, 120 km/h, 2Rx, 1 UE

 

 

1Tx Pr(ACK->NAK/DTX)

1Tx Pr(NAK->ACK)

Alt.1 2Tx Pr(ACK->NAK/DTX)

Alt.2 2Tx Pr(ACK->NAK/DTX)

Alt.3 2Tx Pr(ACK->NAK/DTX)

Alt.4 2Tx Pr(ACK->NAK/DTX)

Alt.1 2Tx Pr(NAK->ACK)

Alt.2 2Tx Pr(NAK->ACK)

Alt.3 2Tx Pr(NAK->ACK)

Alt.4 2Tx Pr(NAK->ACK)

Pr(NAK->ACK)

Pr(ACK->NAK/DTX)


[image: image50.emf]-12 -10 -8 -6 -4 -2 0 2 4

10

-3

10

-2

10

-1

10

0

Es/No [dB]

8 bits, 5 MHz BW, TU6 channel, 120 km/h, 2Rx, 1 UE

 

 

1Tx Pr(ACK->NAK/DTX)

1Tx Pr(NAK->ACK)

Alt.1 2Tx Pr(ACK->NAK/DTX)

Alt.2 2Tx Pr(ACK->NAK/DTX)

Alt.3 2Tx Pr(ACK->NAK/DTX)

Alt.4 2Tx Pr(ACK->NAK/DTX)

Alt.1 2Tx Pr(NAK->ACK)

Alt.2 2Tx Pr(NAK->ACK)

Alt.3 2Tx Pr(NAK->ACK)

Alt.4 2Tx Pr(NAK->ACK)

Pr(ACK->NAK/DTX)

Pr(NAK->ACK)


[image: image51.emf]-12 -10 -8 -6 -4 -2 0 2 4

10

-3

10

-2

10

-1

10

0

Es/No [dB]

10 bits, 5 MHz BW, TU6 channel, 120 km/h, 2Rx, 1 UE

 

 

1Tx Pr(ACK->NAK/DTX)

1Tx Pr(NAK->ACK)

Alt.1 2Tx Pr(ACK->NAK/DTX)

Alt.2 2Tx Pr(ACK->NAK/DTX)

Alt.3 2Tx Pr(ACK->NAK/DTX)

Alt.4 2Tx Pr(ACK->NAK/DTX)

Alt.1 2Tx Pr(NAK->ACK)

Alt.2 2Tx Pr(NAK->ACK)

Alt.3 2Tx Pr(NAK->ACK)

Alt.4 2Tx Pr(NAK->ACK)

Pr(ACK->NAK/DTX)

Pr(NAK->ACK)


[image: image52.emf]-12 -10 -8 -6 -4 -2 0 2 4

10

-3

10

-2

10

-1

10

0

Es/No [dB]

2 bits, 10 MHz BW, PedA channel, 3 km/h, 2Rx, 2 UEs

 

 

1Tx Pr(ACK->NAK/DTX)

1Tx Pr(NAK->ACK)

Alt.1 2Tx Pr(ACK->NAK/DTX)

Alt.2 2Tx Pr(ACK->NAK/DTX)

Alt.3 2Tx Pr(ACK->NAK/DTX)

Alt.4 2Tx Pr(ACK->NAK/DTX)

Alt.1 2Tx Pr(NAK->ACK)

Alt.2 2Tx Pr(NAK->ACK)

Alt.3 2Tx Pr(NAK->ACK)

Alt.4 2Tx Pr(NAK->ACK)

Pr(ACK->NAK/DTX)

Pr(NAK->ACK)


[image: image53.emf]-12 -10 -8 -6 -4 -2 0 2 4

10

-3

10

-2

10

-1

10

0

Es/No [dB]

4 bits, 10 MHz BW, PedA channel, 3 km/h, 2Rx, 2 UEs

 

 

1Tx Pr(ACK->NAK/DTX)

1Tx Pr(NAK->ACK)

Alt.1 2Tx Pr(ACK->NAK/DTX)

Alt.2 2Tx Pr(ACK->NAK/DTX)

Alt.3 2Tx Pr(ACK->NAK/DTX)

Alt.4 2Tx Pr(ACK->NAK/DTX)

Alt.1 2Tx Pr(NAK->ACK)

Alt.2 2Tx Pr(NAK->ACK)

Alt.3 2Tx Pr(NAK->ACK)

Alt.4 2Tx Pr(NAK->ACK)

Pr(ACK->NAK/DTX)

Pr(NAK->ACK)


[image: image54.emf]-12 -10 -8 -6 -4 -2 0 2 4

10

-3

10

-2

10

-1

10

0

Es/No [dB]

6 bits, 10 MHz BW, PedA channel, 3 km/h, 2Rx, 2 UEs

 

 

1Tx Pr(ACK->NAK/DTX)

1Tx Pr(NAK->ACK)

Alt.1 2Tx Pr(ACK->NAK/DTX)

Alt.2 2Tx Pr(ACK->NAK/DTX)

Alt.3 2Tx Pr(ACK->NAK/DTX)

Alt.4 2Tx Pr(ACK->NAK/DTX)

Alt.1 2Tx Pr(NAK->ACK)

Alt.2 2Tx Pr(NAK->ACK)

Alt.3 2Tx Pr(NAK->ACK)

Alt.4 2Tx Pr(NAK->ACK)

Pr(ACK->NAK/DTX)

Pr(NAK->ACK)


[image: image55.emf]-12 -10 -8 -6 -4 -2 0 2 4

10

-3

10

-2

10

-1

10

0

Es/No [dB]

8 bits, 10 MHz BW, PedA channel, 3 km/h, 2Rx, 2 UEs

 

 

1Tx Pr(ACK->NAK/DTX)

1Tx Pr(NAK->ACK)

Alt.1 2Tx Pr(ACK->NAK/DTX)

Alt.2 2Tx Pr(ACK->NAK/DTX)

Alt.3 2Tx Pr(ACK->NAK/DTX)

Alt.4 2Tx Pr(ACK->NAK/DTX)

Alt.1 2Tx Pr(NAK->ACK)

Alt.2 2Tx Pr(NAK->ACK)

Alt.3 2Tx Pr(NAK->ACK)

Alt.4 2Tx Pr(NAK->ACK)

Pr(ACK->NAK/DTX)

Pr(NAK->ACK)


[image: image56.emf]-12 -10 -8 -6 -4 -2 0 2 4

10

-3

10

-2

10

-1

10

0

Es/No [dB]

10 bits, 10 MHz BW, PedA channel, 3 km/h, 2Rx, 2 UEs

 

 

1Tx Pr(ACK->NAK/DTX)

1Tx Pr(NAK->ACK)

Alt.1 2Tx Pr(ACK->NAK/DTX)

Alt.2 2Tx Pr(ACK->NAK/DTX)

Alt.3 2Tx Pr(ACK->NAK/DTX)

Alt.4 2Tx Pr(ACK->NAK/DTX)

Alt.1 2Tx Pr(NAK->ACK)

Alt.2 2Tx Pr(NAK->ACK)

Alt.3 2Tx Pr(NAK->ACK)

Alt.4 2Tx Pr(NAK->ACK)

Pr(ACK->NAK/DTX)

Pr(NAK->ACK)


References
[1] R1-104617, “Discussion on Transmit Diversity for DFT-S-OFDM,” Samsung, 3GPP TSG RAN WG1 #62, Madrid, Spain, 23 - 27 August 2010. 

[2] R1-105396, “Evaluation of DFT-S-OFDM TxD Schemes,” Samsung, 3GPP TSG RAN WG1 #62bis, Xi’an, China, 11 - 15 October 2010.

[3] R1-104774, “Transmit diversity for CA PUCCHs,” LG Electronics, 3GPP TSG RAN WG1 #62, Madrid, Spain, 23rd– 27th August, 2010. 
[4] R1-084355, “Comparison of uplink transmit diversity schemes for LTE-Advanced,” Mitsubishi Electric, 3GPP TSG RAN WG1 #55 meeting, Prague, Czech Republic, 10-14 November, 2008.

[5] R1-104979, “Transmit diversity for CA PUCCH for UE supporting more than 4 A/N bits,” Ericsson, ST-Ericsson, 3GPP TSG-RAN WG1 #62, Madrid, Spain, 23rd - 27th August 2010. 
[6] R1-104140, “ACK/NAK Multiplexing Simulation Assumptions in Rel-10,” CATT, LG Electronics, Qualcomm Incorporated, ZTE. 

[7] R1-105290, “On Transmit Diversity for PUCCH Format 3,” Texas Instrument, 3GPP TSG RAN WG1 #62bis, Xi’an, China, 11 - 15 October 2010.











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































PAGE  
3

_1347456948.unknown

_1374513325.vsd
Adjust width of  box to change  paragraph width. Box's height adjusts according to text.


xDFT


xDFT


xDFT


xDFT


xDFT


X


MOD


Scrambling


Encoding


Block Repetition


X


X


X


X


xDFT


xDFT


xDFT


xDFT


xDFT


X


X


X


X


X


X


X


X


X


X


X


antenna port 0


antenna port 1


IFFT


IFFT


IFFT


IFFT


IFFT


IFFT


IFFT


IFFT


IFFT


IFFT


IFFT


IFFT


IFFT


IFFT


IFFT


IFFT


IFFT


IFFT


IFFT


IFFT


IFFT


IFFT


IFFT


IFFT


IFFT


IFFT


IFFT


IFFT


X


X



_1374513436.vsd
�

�

�

�

�

RS�

�

�

w0(1)


X�

w4(1)


X�

X�

X�

w2(1)


w3(1)


X�

Tx 1 Slot 0


Tx 1 Slot 1


�

�

�

RS�

�

�

X�

X�

X�

X�

X�

Cell-Specific Scrambling�

RS�

RS�

Channel Encoding�

w1(1)


w0(1)


w4(1)


w2(1)


w3(1)


w1(1)


DFT�

IFFT�

DFT�

IFFT�

DFT�

IFFT�

DFT�

IFFT�

DFT�

IFFT�

DFT�

IFFT�

DFT�

IFFT�

DFT�

IFFT�

DFT�

IFFT�

DFT�

IFFT�

Modulation�

�

�

�

RS�

�

�

w0(2)


X�

w4(2)


X�

X�

X�

w2(2)


w3(2)


X�

Tx 2 Slot 0


RS�

w1(2)


DFT�

IFFT�

DFT�

IFFT�

DFT�

IFFT�

DFT�

IFFT�

DFT�

IFFT�

�

�

�

RS�

�

�

w0(2)


X�

w4(2)


X�

X�

X�

w2(2)


w3(2)


X�

Tx 2 Slot 1


RS�

w1(2)


DFT�

IFFT�

DFT�

IFFT�

DFT�

IFFT�

DFT�

IFFT�

DFT�

IFFT�


_1347458134.unknown

_1347460083.unknown

_1347457011.unknown

_1347449443.unknown

_1347456868.unknown

_1347452692.unknown

_1347453513.unknown

_1347453601.unknown

_1347452761.unknown

_1347452777.unknown

_1347452713.unknown

_1347449900.unknown

_1347449157.unknown

_1347449337.unknown

_1347449360.unknown

_1347449310.unknown

_1347432142.unknown

_1347443215.unknown

_1347443229.unknown

_1347432050.unknown

_1342782193.unknown

