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1. Introduction

In RAN1 #61bis meeting, the following was agreed as A/N multiplexing schemes for FDD and TDD;

· 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
This contribution discusses UCI combination and CA PUCCH formats (channel selection and DFT-S-OFDM format) in SRS subframes.
2. Discussion on PUCCH/SRS Combination
The following PUCCH/SRS combinations are supported in Rel-8/9;
· Simultaneous transmission of SR and A/N

· Simultaneous transmission of CQI and A/N (normal CP case)

· A/N transmission in SRS subframes (shortened A/N format)
The main principles in this contribution are;
· All PUCCH/SRS combinations supported in Rel-8/9 should be also supported in Rel-10.

· No information loss is targeted in case of simultaneous UCI transmission.

2.1 SR+A/N

As supported in Rel-8/9, both SR and A/N should be able to be transmitted in the same subframe since both SR and A/N are most important UCI. Therefore, we discuss the ways to convey additional one bit for SR with A/N information in case of both DFT-S-OFDM format and channel selection.
For DFT-S-OFDM format, joint coding based solution is preferred. A single bit for SR and CA A/N are joint-coded in every SR subframe. The positive SR can be represented by ‘1’ and negative SR can be represented by ‘0’(or vice versa). Since the SR bit is jointly encoded with A/N codebook, the performance of SR is expected to be the same as each A/N bit.
For channel selection, it is difficult to convey full SR and A/N information without loss of A/N information in a given number of PUCCH resources since the number of conveyable information bits is dependent on the used (or assigned) PUCCH resources. For example, assuming a UE should transmit 4 A/N bits and 1 bit SR in a subframe, one additional PUCCH resource is needed to support 5 bits. To address the issue, we propose to introduce enhanced channel selection for full SR+A/N feedback in Rel-10. In other words, a UE transmits A/N feedback with format 1b channel selection in non-SR subframe and transmits SR+A/N with enhanced channel selection in SR subframe. This can be realized by the resource allocation so that the multiple PUCCH resources are located in the same PRB [9]. 
The details of enhanced channel selection for SR+A/N in SR period can be realized by one of the following options;
· Option A: Using another A/N codebook for enhanced channel selection in SR subframe. The A/N codebook in [10] can be simply reused. 
· Option B: RS channel selection in a give A/N codebook. The selected RS channels are changed only in case SR is positive.
· Option C: Data channel selection in a give A/N codebook. The selected RS channels are changed only in case SR is positive.
For Option A, since there is no A/N codebook of 5 bits (1bit SR+4bit A/N) for channel selection in [10], we propose the A/N codebook in SR subframe for 4 A/N bits as Annex A. The detailed tables for above options were depicted in Annex A. 
Figure 1 shows the A/N performances for above three options. Joint ML detector is applied. As discussed in [12], we did not evaluate 3 A/N bits due to its imperfect A/N mapping table in [4]. Above the options, Option A outperforms the other options from the simulation results. 
[image: image1.emf]3 5

-7

-6.8

-6.6

-6.4

-6.2

-6

-5.8

-5.6

Number of SR+A/N bits

Required SNR[dB]

ETU5,5MHz,Pr(D->A)=1%,Pr(A->N/D)=1%,Pr(N->A)=0.1%

 

 

Option A

Option B

Option C


Figure 1 Required SNR employing joint ML detector for three options in enhanced channel selection to transmit SR and A/N simultaneously
In summary, we propose to apply enhanced channel selection for simultaneous SR and ACK/NACK transmission in channel selection. Three options here can be considered for the detail of the enhanced channel selection.
In case CC domain A/N bundling is introduced in Rel-10, the additional principle of A/N counter either on SR or A/N resource similar to Rel-8/9 TDD can be introduced to support SR+A/N [11].
Proposal 1: The simultaneous transmission of SR and A/N is also supported in Rel-10.

· For DFT-S-OFDM format: SR 1 bit is joint-coded with A/N information in SR subframe.

· For channel selection: enhanced channel selection is applied in SR subframe.
In LTE Rel-8, SR resource for each UE is semi-statically reserved for each UE to transmit positive SR. On the other hands, in LTE-A SR can be transmitted via ACK/NACK resources from the above discussion. In our companion contribution [9], we propose semi-statically exclusive resource allocation for channel selection and semi-statically resource allocation with offset value in DCI for DFT-S-OFDM format. In case of channel selection, since the A/N resources are semi-statically reserved for each UE, even SR can be transmitted on A/N resources regardless whether ACK/NACK information is transmitted or not in the SR subframe. However, SR alone cannot be transmitted on the resource for DFT-S-OFDM since the final resource cannot be identified to the UE if DCI-offset based solution is introduced for resource allocation. Therefore, this operation is FFS for DFT-S-OFDM format.
Proposal 2: SR is transmitted on ACK/NACK resources regardless whether ACK/NACK information is transmitted or not in the SR subframe in case the PUCCH resources are semi-statically allocated for channel selection.
2.2 CQI+A/N

For CQI+A/N case, CQI dropping (both for normal and extended CP) and simultaneous transmission (for extended CP) are supported in Rel-8/9. In a similar way, CQI dropping can be considered. In addition, the following configurable joint coding based solutions can be further considered;
· Channel selection

· A/N information is joint-coded on PUCCH format 2. In case that total number of bits for CQI and A/N is more than 11 bits, CQI will be dropped.

· DFT-S-OFDM format

· CQI information is joint-coded on DFT-S-OFDM format. Full information of CQI (11bits) and A/N (10bits) can be supported in DFT-S-OFDM format for FDD while further considerations are needed in TDD.

For both joint-coding based solutions for DFT-S-OFDM format and channel selection, the A/N bits are located starting from the first bit considering RM coding property since A/N is prioritized to CQI.
Proposal 3: Two configurable solutions for simultaneous CQI and A/N in same subframe are supported:  CQI dropping and joint-coding of CQI and A/N. In details for joint coding approach;
· For channel selection, A/N is jointly coded with CQI on PUCCH format 2. In case total number of CQI+A/N bits is more than 11 bits, CQI will be dropped.

· For DFT-S-OFDM format: CQI is jointly coded with A/N on DFT-S-OFDM format at least in FDD.

2.3 A/N transmission in SRS subframes
A shortened A/N format should be also supported in Rel-10 for co-existence with Rel-8/9 UEs. 
For Format 1b based channel selection, a configurable shortened format by RRC signalling is already defined in Rel-8/9. Therefore, it can be simply reused also in Rel-10.
For DFT-S-OFDM format, two alternatives have been proposed [1][8];
· Alternative 1 (Figure 2 (a), Figure 3)
· The last SC-FDMA symbol is punctured and SF is reduced from 5 to 4.

· With shortened format, the overall multiplexing capacity is limited by the second slot. 

· This alternative is a common solution for both normal and extended CP cases.
· Alternative 2 (Figure 2 (b))
· The last SC-FDMA symbol is punctured and one of two RS symbol is removed to keep SF=5. The RS symbol position can be further changed for performance optimization.

· Another solution is necessary depending on the structure of extended CP.
· It is expected that the A/N performance of Alt 2 might be degraded due to loss of RS symbol in the second slot. 
[image: image2.emf]RS

OCC length 4

OCC length 5

Slot 0 Slot 1

 [image: image3.emf]RS

OCC length 5

OCC length 5

Slot 0 Slot 1


(a) Alternative 1 [1][8]                                             (b) Alternative 2 [8]
Figure 2 Shortened DFT-S-OFDM format (normal CP case)
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Figure 3 Shortened DFT-S-OFDM format for Alternative 1 (extended CP case)
The A/N performances to meet the requirements such that Pr(DTX->ACK)<1%, Pr(ACK->NACK/DTX)<1%, and Pr(NACK->ACK)<0.1% are shown from Figure 4 to Figure 6. The simulation results show that Alt 2 has a performance loss compared to Alt 1 due to loss of an RS symbol in the second slot as expected.
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Figure 4 Required SNR, EPA5Hz 10MHz BW
[image: image6.emf]6 8 10 12 16 20

-4

-3

-2

-1

0

1

2

3

Number of A/N bits

Required SNR[dB]

ETU5,5MHz,Pr(D->A)=1%,Pr(A->N/D)=1%,Pr(N->A)=0.1%

 

 

Alt1

Alt2


Figure 5 Required SNR, ETU5Hz 5MHz BW
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Figure 6 Required SNR, ETU250Hz 5MHz BW
Proposal 3: The configurable shortened CA A/N formats are supported;

3. Conclusions
In conclusion, we summarize our proposal as follows;
· Proposal 1: The simultaneous transmission of SR and A/N is also supported in Rel-10.

· For DFT-S-OFDM format: SR 1 bit is joint-coded with A/N information in SR subframe.
· For channel selection: enhanced channel selection is applied in SR subframe.
· Proposal 2: SR is transmitted on ACK/NACK resources regardless whether ACK/NACK information is transmitted or not in the SR subframe in case the PUCCH resources are semi-statically allocated for channel selection.
· Proposal 3: Two configurable solutions for simultaneous CQI and A/N in same subframe are supported:  CQI dropping and joint-coding of CQI and A/N. In details for joint coding approach;

· For channel selection, A/N is jointly coded with CQI on PUCCH format 2. In case total number of CQI+A/N bits is more than 11 bits, CQI will be dropped.

· For DFT-S-OFDM format: CQI is jointly coded with A/N on DFT-S-OFDM format at least in FDD.
· Proposal 3: The configurable shortened CA A/N formats are supported;
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Annex A. A/N Codebook in SR subframe
 As discussed in Chapter 2.1, we refer the options again;

· Option A: Using another A/N codebook for enhanced channel selection in SR subframe. The A/N codebook in [10] can be simply reused. 
· Option B: RS channel selection in a give A/N codebook. 
· Option C: Data channel selection in a give A/N codebook
Table 1 SR+A/N codebook in SR subframe (2bit A/N) – Option A [10]
	SR
	A/N
	Ch1
	Ch2

	
	
	RS
	Data
	RS
	Data

	Negative
	NN
	1
	1
	0
	0

	Negative
	NA
	1
	-1
	0
	0

	Negative
	AN
	0
	1
	1
	0

	Negative
	AA
	0
	-1
	1
	0

	Positive
	NN
	1
	0
	0
	1

	Positive
	NA
	1
	0
	0
	-1

	Positive
	AN
	0
	0
	1
	1

	Positive
	AA
	0
	0
	1
	-1


Table 2 SR+A/N codebook in SR subframe (2bit A/N) – Option B
	SR
	A/N
	Ch1
	Ch2

	
	
	RS
	Data
	RS
	Data

	Negative
	NN
	1
	1
	0
	0

	Negative
	NA
	1
	-1
	0
	0

	Negative
	AN
	0
	0
	1
	1

	Negative
	AA
	0
	0
	1
	-1

	Positive
	NN
	0
	1
	1
	0

	Positive
	NA
	0
	-1
	1
	0

	Positive
	AN
	1
	0
	0
	1

	Positive
	AA
	1
	0
	0
	-1


Table 3 SR+A/N codebook in SR subframe (2bit A/N) – Option C
	SR
	A/N
	Ch1
	Ch2

	
	
	RS
	Data
	RS
	Data

	Negative
	NN
	1
	1
	0
	0

	Negative
	NA
	1
	-1
	0
	0

	Negative
	AN
	0
	0
	1
	1

	Negative
	AA
	0
	0
	1
	-1

	Positive
	NN
	1
	0
	0
	1

	Positive
	NA
	1
	0
	0
	-1

	Positive
	AN
	0
	1
	1
	0

	Positive
	AA
	0
	-1
	1
	0


Table 4 SR+A/N codebook in SR subframe (3bit A/N) – Option A [10]
	SR
	A/N
	Ch1
	Ch2

	
	
	RS
	Data
	RS
	Data

	Negative
	NNN
	1
	1
	0
	0

	Negative
	NNA
	1
	-j
	0
	0

	Negative
	NAN
	1
	j
	0
	0

	Negative
	NAA
	1
	-1
	0
	0

	Negative
	ANN
	0
	1
	1
	0

	Negative
	ANA
	0
	-j
	1
	0

	Negative
	AAN
	0
	j
	1
	0

	Negative
	ANN
	0
	-1
	1
	0

	Positive
	NNN
	1
	0
	0
	1

	Positive
	NNA
	1
	0
	0
	-j

	Positive
	NAN
	1
	0
	0
	j

	Positive
	NAA
	1
	0
	0
	-1

	Positive
	ANN
	0
	0
	1
	1

	Positive
	ANA
	0
	0
	1
	-j

	Positive
	AAN
	0
	0
	1
	j

	Positive
	ANN
	0
	0
	1
	-1


Table 5 SR+A/N codebook in SR subframe (3bit A/N) – Option B
	SR
	A/N
	Ch1
	Ch2

	
	
	RS
	Data
	RS
	Data

	Negative
	NNN
	1
	1
	0
	0

	Negative
	NNA
	1
	-j
	0
	0

	Negative
	NAN
	1
	j
	0
	0

	Negative
	NAA
	1
	-1
	0
	0

	Negative
	ANN
	0
	0
	1
	1

	Negative
	ANA
	0
	0
	1
	-j

	Negative
	AAN
	0
	0
	1
	j

	Negative
	ANN
	0
	0
	1
	-1

	Positive
	NNN
	0
	1
	1
	0

	Positive
	NNA
	0
	-j
	1
	0

	Positive
	NAN
	0
	j
	1
	0

	Positive
	NAA
	0
	-1
	1
	0

	Positive
	ANN
	1
	0
	0
	1

	Positive
	ANA
	1
	0
	0
	-j

	Positive
	AAN
	1
	0
	0
	j

	Positive
	ANN
	1
	0
	0
	-1


Table 6 SR+A/N codebook in SR subframe (3bit A/N) – Option C
	SR
	A/N
	Ch1
	Ch2

	
	
	RS
	Data
	RS
	Data

	Negative
	NNN
	1
	1
	0
	0

	Negative
	NNA
	1
	-j
	0
	0

	Negative
	NAN
	1
	j
	0
	0

	Negative
	NAA
	1
	-1
	0
	0

	Negative
	ANN
	0
	0
	1
	1

	Negative
	ANA
	0
	0
	1
	-j

	Negative
	AAN
	0
	0
	1
	j

	Negative
	ANN
	0
	0
	1
	-1

	Positive
	NNN
	1
	0
	0
	1

	Positive
	NNA
	1
	0
	0
	-j

	Positive
	NAN
	1
	0
	0
	j

	Positive
	NAA
	1
	0
	0
	-1

	Positive
	ANN
	0
	1
	1
	0

	Positive
	ANA
	0
	-j
	1
	0

	Positive
	AAN
	0
	j
	1
	0

	Positive
	ANN
	0
	-1
	1
	0


Table 7 SR+A/N codebook in SR subframe (4bit A/N) – Option A
	SR
	A/N
	Ch1
	Ch2
	Ch3
	Ch4

	
	
	RS
	Data
	RS
	Data
	RS
	Data
	RS
	Data

	Negative
	NNNN
	1
	1
	0
	0
	0
	0
	0
	0

	Negative
	NNNA
	1
	-1
	0
	0
	0
	0
	0
	0

	Negative
	NNAN
	0
	0
	1
	1
	0
	0
	0
	0

	Negative
	NNAA
	0
	0
	1
	-1
	0
	0
	0
	0

	Negative
	NANN
	0
	0
	0
	0
	1
	1
	0
	0

	Negative
	NANA
	0
	0
	0
	0
	1
	-1
	0
	0

	Negative
	NAAN
	0
	0
	0
	0
	0
	0
	1
	1

	Negative
	NAAA
	0
	0
	0
	0
	0
	0
	1
	-1

	Negative
	ANNN
	0
	1
	1
	0
	0
	0
	0
	0

	Negative
	ANNA
	0
	-1
	1
	0
	0
	0
	0
	0

	Negative
	ANAN
	0
	0
	0
	1
	1
	0
	0
	0

	Negative
	ANAA
	0
	0
	0
	-1
	1
	0
	0
	0

	Negative
	AANN
	0
	0
	0
	0
	0
	1
	1
	0

	Negative
	AANA
	0
	0
	0
	0
	0
	-1
	1
	0

	Negative
	AAAN
	1
	0
	0
	0
	0
	0
	0
	1

	Negative
	AAAA
	1
	0
	0
	0
	0
	0
	0
	-1

	Positive
	NNNN
	0
	1
	0
	0
	1
	0
	0
	0

	Positive
	NNNA
	0
	-1
	0
	0
	1
	0
	0
	0

	Positive
	NNAN
	0
	0
	0
	1
	0
	0
	1
	0

	Positive
	NNAA
	0
	0
	0
	-1
	0
	0
	1
	0

	Positive
	NANN
	1
	0
	0
	0
	0
	1
	0
	0

	Positive
	NANA
	1
	0
	0
	0
	0
	-1
	0
	0

	Positive
	NAAN
	0
	0
	1
	0
	0
	0
	0
	1

	Positive
	NAAA
	0
	0
	1
	0
	0
	0
	0
	-1

	Positive
	ANNN
	0
	1
	0
	0
	0
	0
	1
	0

	Positive
	ANNA
	0
	-1
	0
	0
	0
	0
	1
	0

	Positive
	ANAN
	1
	0
	0
	1
	0
	0
	0
	0

	Positive
	ANAA
	1
	0
	0
	-1
	0
	0
	0
	0

	Positive
	AANN
	0
	0
	1
	0
	0
	1
	0
	0

	Positive
	AANA
	0
	0
	1
	0
	0
	-1
	0
	0

	Positive
	AAAN
	0
	0
	0
	0
	1
	0
	0
	1

	Positive
	AAAA
	0
	0
	0
	0
	1
	0
	0
	-1


Table 8 SR+A/N codebook in SR subframe (4bit A/N) – Option B
	SR
	A/N
	Ch1
	Ch2
	Ch3
	Ch4

	
	
	RS
	Data
	RS
	Data
	RS
	Data
	RS
	Data

	Negative
	NNNN
	1
	1
	0
	0
	0
	0
	0
	0

	Negative
	NNNA
	1
	-j
	0
	0
	0
	0
	0
	0

	Negative
	NNAN
	1
	j
	0
	0
	0
	0
	0
	0

	Negative
	NNAA
	1
	-1
	0
	0
	0
	0
	0
	0

	Negative
	NANN
	0
	0
	1
	1
	0
	0
	0
	0

	Negative
	NANA
	0
	0
	1
	-j
	0
	0
	0
	0

	Negative
	NAAN
	0
	0
	1
	j
	0
	0
	0
	0

	Negative
	NAAA
	0
	0
	1
	-1
	0
	0
	0
	0

	Negative
	ANNN
	0
	0
	0
	0
	1
	1
	0
	0

	Negative
	ANNA
	0
	0
	0
	0
	1
	-j
	0
	0

	Negative
	ANAN
	0
	0
	0
	0
	1
	j
	0
	0

	Negative
	ANAA
	0
	0
	0
	0
	1
	-1
	0
	0

	Negative
	AANN
	0
	0
	0
	0
	0
	0
	1
	1

	Negative
	AANA
	0
	0
	0
	0
	0
	0
	1
	-j

	Negative
	AAAN
	0
	0
	0
	0
	0
	0
	1
	j

	Negative
	AAAA
	0
	0
	0
	0
	0
	0
	1
	-1

	Positive
	NNNN
	0
	1
	1
	0
	0
	0
	0
	0

	Positive
	NNNA
	0
	-j
	1
	0
	0
	0
	0
	0

	Positive
	NNAN
	0
	j
	1
	0
	0
	0
	0
	0

	Positive
	NNAA
	0
	-1
	1
	0
	0
	0
	0
	0

	Positive
	NANN
	0
	0
	0
	1
	1
	0
	0
	0

	Positive
	NANA
	0
	0
	0
	-j
	1
	0
	0
	0

	Positive
	NAAN
	0
	0
	0
	j
	1
	0
	0
	0

	Positive
	NAAA
	0
	0
	0
	-1
	1
	0
	0
	0

	Positive
	ANNN
	0
	0
	0
	0
	0
	1
	1
	0

	Positive
	ANNA
	0
	0
	0
	0
	0
	-j
	1
	0

	Positive
	ANAN
	0
	0
	0
	0
	0
	j
	1
	0

	Positive
	ANAA
	0
	0
	0
	0
	0
	-1
	1
	0

	Positive
	AANN
	1
	0
	0
	0
	0
	0
	0
	1

	Positive
	AANA
	1
	0
	0
	0
	0
	0
	0
	-j

	Positive
	AAAN
	1
	0
	0
	0
	0
	0
	0
	j

	Positive
	AAAA
	1
	0
	0
	0
	0
	0
	0
	-1


Table 9 SR+A/N codebook in SR subframe (4bit A/N) – Option C
	SR
	A/N
	Ch1
	Ch2
	Ch3
	Ch4

	
	
	RS
	Data
	RS
	Data
	RS
	Data
	RS
	Data

	Negative
	NNNN
	1
	1
	0
	0
	0
	0
	0
	0

	Negative
	NNNA
	1
	-j
	0
	0
	0
	0
	0
	0

	Negative
	NNAN
	1
	j
	0
	0
	0
	0
	0
	0

	Negative
	NNAA
	1
	-1
	0
	0
	0
	0
	0
	0

	Negative
	NANN
	0
	0
	1
	1
	0
	0
	0
	0

	Negative
	NANA
	0
	0
	1
	-j
	0
	0
	0
	0

	Negative
	NAAN
	0
	0
	1
	j
	0
	0
	0
	0

	Negative
	NAAA
	0
	0
	1
	-1
	0
	0
	0
	0

	Negative
	ANNN
	0
	0
	0
	0
	1
	1
	0
	0

	Negative
	ANNA
	0
	0
	0
	0
	1
	-j
	0
	0

	Negative
	ANAN
	0
	0
	0
	0
	1
	j
	0
	0

	Negative
	ANAA
	0
	0
	0
	0
	1
	-1
	0
	0

	Negative
	AANN
	0
	0
	0
	0
	0
	0
	1
	1

	Negative
	AANA
	0
	0
	0
	0
	0
	0
	1
	-j

	Negative
	AAAN
	0
	0
	0
	0
	0
	0
	1
	j

	Negative
	AAAA
	0
	0
	0
	0
	0
	0
	1
	-1

	Positive
	NNNN
	1
	0
	0
	1
	0
	0
	0
	0

	Positive
	NNNA
	1
	0
	0
	-j
	0
	0
	0
	0

	Positive
	NNAN
	1
	0
	0
	j
	0
	0
	0
	0

	Positive
	NNAA
	1
	0
	0
	-1
	0
	0
	0
	0

	Positive
	NANN
	0
	0
	1
	0
	0
	1
	0
	0

	Positive
	NANA
	0
	0
	1
	0
	0
	-j
	0
	0

	Positive
	NAAN
	0
	0
	1
	0
	0
	j
	0
	0

	Positive
	NAAA
	0
	0
	1
	0
	0
	-1
	0
	0

	Positive
	ANNN
	0
	0
	0
	0
	1
	0
	0
	1

	Positive
	ANNA
	0
	0
	0
	0
	1
	0
	0
	-j

	Positive
	ANAN
	0
	0
	0
	0
	1
	0
	0
	j

	Positive
	ANAA
	0
	0
	0
	0
	1
	0
	0
	-1

	Positive
	AANN
	0
	1
	0
	0
	0
	0
	1
	0

	Positive
	AANA
	0
	-j
	0
	0
	0
	0
	1
	0

	Positive
	AAAN
	0
	j
	0
	0
	0
	0
	1
	0

	Positive
	AAAA
	0
	-1
	0
	0
	0
	0
	1
	0


Annex B. Simulation Assumptions
The basic simulation assumptions in [10] were adopted in this contribution. We applied the following definition for Rx false alarm detection threshold as;
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The remaining simulation assumptions are listed in Table 10. We defined two types of A/N detector;

· Joint ML detector

· A/N information is detected using both RS and data symbol jointly as explained in [13].

· Normal detector

· A/N information is detected after channel estimation from RS symbols.

Table 10 Link level simulation assumptions
	Parameters
	Value

	Carrier frequency
	2GHz

	System bandwidth
	5MHz for ETU, 10MHz for EPA

	Channel model
	ETU5Hz, ETU250Hz, EPA5Hz

	Frequency hopping
	At slot boundary

	Antenna set up
	1Tx, 2Rx

	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
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