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1 Introduction

In RAN1 Meeting #61bis, the following agreement was reached for both FDD and TDD [1]:

· For Rel-10 UEs that support up to 4 A/N bits: PUCCH Format 1b with channel selection

· For Rel-10 UEs that support more than 4 A/N bits: DFT-S-OFDM 

In-depth performance evaluation of DFT-F-OFDM and other PUCCH formats have been done in [2]-[9]. This contribution evaluates several transmit diversity schemes based on DFT-S-OFDM in support of dual-antenna transmissions for PUCCH format 3. 
2 Transmit Diversity Schemes Using DFT-S-OFDM  

2.1 DFT-S-OFDM TxD Scheme 0
For one Tx antenna, a DFT-S-OFDM scheme is given in [2]

 REF _Ref269054848 \r \h 
 \* MERGEFORMAT [3]. For multiple Tx antennas, in order to support transmit diversity using this DFT-S-OFDM scheme, there are several possibilities:
a) Use space-time coding as shown in Figure 1 and Figure 2. The space-time encoding process is done in the time domain, i.e., before the DFT operation.
b) Use a different orthogonal spreading sequence for each transmit antenna, an approach known as space-orthogonal resource transmit diversity (SORTD).
c) Use space-time block coding across SC-FDMA symbols.
This contribution considers the scheme shown in Figure 1 and Figure 2, which we refer to as Scheme 0. This scheme takes the same resource for both Tx antennas, i.e., they use the same PRB and the same spreading code. On the other hand, SORTD requires two orthogonal spreading sequences for two antennas; it reduces the multiplexing capacity of the scheme by 50% compared to single-antenna case. Space-time block coding (STBC) across SC-FDMA symbols uses the same resource for both antennas but it has a disadvantage that it leaves one SC-FDMA symbol orphan in a normal slot (7 SC-FDMA symbols per slot, of which 5 are used for data and 2 are used for demodulation reference signal); note that with frequency hopping at the slot boundary, this STBC mechanism is not suitable for application across the slot boundary, leaving one orphan SC-FDMA symbol per slot in a normal subframe. 

When a sounding reference signal (SRS) is transmitted, one data SC-FDMA symbol in the second slot is punctured by SRS. This requires the spreading factor to reduce from 5 to 4 and requires a set of length-4 orthogonal spreading sequences in addition to a set of length-5 orthogonal spreading sequences used in the first slot of the subframe. This is shown in Figure 2. Note that the space-time encoding process itself is not affected by this code shortening.   
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Figure 1: DFT-S-OFDM TxD Scheme 0 with SF5, 
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 representing a length-5 spreading code.

[image: image3.emf]RS RS SRS

) 0 (

)4(

u

w ) 1 (

)4(

u

w

 

T

a a a a a a

11 10 3 2 1 0

, ,..., , , ,

1 PRB

IFFT

Ant 0

DFT

12

IFFT

IFFT IFFT

) 2 (

)4(

u

w

DFT

12

DFT

12

DFT

12

) 3 (

)4(

u

w

Alamouti

 

T

a a a a a a

*

10

*

11

*

2

*

3

*

0

*

1

, ,..., , , ,

  

) 0 (

)4(

u

w ) 1 (

)4(

u

w ) 2 (

)4(

u

w ) 3 (

)4(

u

w

RS RS SRS

1 PRB

IFFT Ant 1

IFFT

IFFT IFFT

Same 

resource

DFT

12

DFT

12

DFT

12

DFT

12


Figure 2: DFT-S-OFDM TxD Scheme 0 with SF4 in the presence of SRS, 
[image: image4.wmf])
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 is a length-4 spreading code.

2.2 DFT-S-OFDM TxD Scheme 1 
DTT-S-OFDM TxD Scheme 1 is shown in Figure 3 and Figure 4.  This scheme has several features:
· Like Scheme 0, Scheme 1 also uses space-time coding. The space-time encoding process is done in the time domain, i.e., before the DFT operation.

· Unlike Scheme 0, where spreading is done across SC-FDMA symbols, Scheme 1 does not spread across SC-FDMA symbols. Instead, the channelization spreading is done on each modulation symbol in the time domain, before the DFT operation.

· Scheme 0 achieves TxD within each SC-FDMA symbol, not across SC-FDMA symbols.
· Like Scheme 0, Scheme 1 supports both single-antenna and dual-antenna transmissions simultaneously. In particular, a UE transmitting with a single antenna can be multiplexed in the same PRB with a UE transmitting with two antennas. Also, the same scheme can be used for single or dual antenna transmissions by the same UE.
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Figure 3: DFT-S-OFDM transmit diversity Scheme 1 with SF3, 
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 representing a length-3 spreading code.
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Figure 4: DFT-S-OFDM transmit diversity Scheme 1 with SF6, 
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 representing a length-6 spreading code.

· Scheme 0 supports several levels of multiplexing capacity. Using spreading factor 3, as shown in Figure 3, the scheme has a multiplexing capacity of 3 UEs in the same PRB. For each UE, this supports 40 modulation symbols (80 channel bits) in a normal subframe.  Using spreading factor 6, as shown in Figure 4, the scheme can multiplex up to 6 UEs in the same PRB. This supports 20 modulation symbols (40 channel bits) in a normal subframe. 
Compared to Scheme 0, Scheme 1 is somewhat more flexible in terms of SRS support. Specifically, in an SRS subframe, the modulation symbols that are normally transmitted on the SRS SC-FDMA symbol location can be punctured, while this does not require a shortening of the spreading code as in Scheme 0. 
3 Simulation results 

Simulation results on the block error rate (BLER) performance is given in Figure 5 through Figure 16 for both Scheme 0 and Scheme 1 under single- and dual-antenna transmissions. Simulation parameters used are shown in Table 1.  From the simulation results, we make the following observations:
1)  Scheme 0 and Scheme 1 have similar BLER performances, although Scheme 1 is better in many cases.
2) For each of Scheme 0 and Scheme 1, the performance gain going from single-antenna transmission to dual antenna transmission is at least 2 dB at BLER 10-3 in most cases.  
4 Conclusion 

 This contribution investigates the performance of DFT-S-OFDM transmit diversity Scheme 0 and Scheme 1 for PUCCH format 3. It is observed that space-time coding as described in the schemes provides significant performance gain compared to single-antenna transmission. This gain justifies support for space-time coding for dual-antenna transmission. This leads us to the following:

Proposal: Scheme 1 is used for DFT-S-OFDM transmit diversity.
Table 1: Simulation parameters.
	Parameters
	Value

	Carrier frequency
	2.0 GHz

	Carrier bandwidth
	5 MHz

	Channel model
	ETU, EVA 

	UE speed 
	70 km/h

	Frequency hopping
	at slot boundary

	Number of Tx antennas
	1, 2

	Number of Rx antennas
	1, 2

	Antenna correlation
	uncorrelated

	Channel estimation
	Non-ideal

	CP type
	normal CP

	Transmission schemes (normal subframe) 
	DFT-S-OFDM Scheme 0 with SF= 5, 
DFT-S-OFDM Scheme 1 with SF= 3, 6

	Signal bandwidth
	180 kHz (1 PRB]

	Number of UEs multiplexed 
	1, 3
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Figure 5: Block error rate performance for 10 bits, 1 UE, Scheme-1 SF3, 1Rx, ETU channel, 70 km/h speed.

[image: image10.emf]-20 -15 -10 -5 0 5 10 15

10

-3

10

-2

10

-1

10

0

SNR (dB) per UE

BLER

 

 

1Tx Scheme 1

1Tx Scheme 0

2Tx Scheme 1

2Tx Scheme 0


Figure 6: Block error rate performance for 10 bits, 3 UEs, Scheme-1 SF3, 1Rx, ETU channel, 70 km/h speed.
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Figure 7: Block error rate performance for 10 bits, 1 UE, Scheme-1 SF3, 2Rx, ETU channel, 70 km/h speed.
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Figure 8: Block error rate performance for 10 bits, 3 UEs, Scheme-1 SF3, 2Rx, ETU channel, 70 km/h speed.
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Figure 9: Block error rate performance for 10 bits, 1 UE, Scheme-1 SF3, 1Rx, EVA channel, 70 km/h speed.
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Figure 10: Block error rate performance for 10 bits, 3 UEs, Scheme-1 SF3, 1Rx, EVA channel, 70 km/h speed.
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Figure 11: Block error rate performance for 10 bits, 1 UE, Scheme-1 SF3, 2Rx, EVA channel, 70 km/h speed.
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Figure 12: Block error rate performance for 10 bits, 3 UEs, Scheme-1 SF3, 2Rx, EVA channel, 70 km/h speed.
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Figure 13: BLER performance for 10 bits, 1 UE, scheme-1 SF6, 1Rx, ETU channel, 70 km/h speed.
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Figure 14: BLER performance for 10 bits, 1 UE, scheme-1 SF6, 2Rx, ETU channel, 70 km/h speed.
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Figure 15: BLER performance for 10 bits, 3 UEs, scheme-1 SF6, 1Rx, ETU channel, 70 km/h speed. 
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Figure 16: BLER performance for 10 bits, 3 UEs, scheme-1 SF6, 2Rx, ETU channel, 70 km/h speed.  
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Figure 16: BLER performance for 10 bits, 1 UE, scheme-1 SF3, 2Rx, ETU channel, 3 km/h speed.  
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