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1. Introduction

At RAN1 #62, there were several agreements made on PUCCH format 3, among them were agreements on how fast the codebook should be updated and which code that should be used for ACK/NACK information.

Codebook selection based on configured CCs and configured transmission modes for each CC

For DFT-S-OFDM with A/N payload size less than or equal 11 bits, the (32, O) RM code from Rel-8 with circular buffer rate matching is reused. 

The remaining coding aspects of PUCCH format 3 are in which order the ACK/NACK bits are encoded and how positive scheduling request is indicated together with ACK/NACK.

2. Discussion

In ‎[1], it is shown that there is almost no performance loss to base the number of transmitted ACK/NACK bits on the number of configured component carrier. For completeness, the results from ‎[1] are included in the appendix in Tables I to Table V. In order to finalise the specifications, a rule is needed that specifies in which order the different component carriers are ordered. A very simple method would be to order the component carriers in increasing order of carrier index as in the draft Rel-10 CR for 36.212 ‎[2]. This would results in the performance presented in Tables I to Table V.

In summary, for cases with dual-codeword transmission and no spatial A/N bundling on each CC, we make the following observations:

· If the codebook is slowly adapted to support 5 CCs, the excess UE TX power ranges from 0 to 0.5 dB as listed in Table I. The average is less than 0.1 dB excess UE TX power.

· If the codebook is slowly adapted to support 4 CCs, the excess UE TX power ranges from 0 to 0.4 dB as listed in Table II. The average is less than 0.1 dB excess UE TX power.

· If the codebook is slowly adapted to support 2 or 3 CCs, there is no excess UE TX power when compared to instantaneous codebook adaptation as listed in Tables III and IV.

For the cases with spatial A/N bundling on each CC, we showed in Table V that slow codebook adaptation with dynamic decoding achieves the same link performance as fast codebook adaptation. 
The small performance difference that exists between the different combinations of base sequences is most likely due to that the combination of base sequences changes the distribution of the hamming distance between all possible base sequences. One method to compensate for this would be in the power control to give some extra power for the UE in case it would use certain combinations of base sequences. Most likely this would give only small performance increases in reality. 

Proposal:

· Adopt the ordering and coding of ACK/NACK bits for PUCCH format 3 according to section 5.2.3.1 in ‎[2]
In case a positive SR should be indicated together with ACK/NACK for PUCCH format 3, the specified scheme for Rel-8 does not work since the PUCCH format 1/1a/1b is not orthogonal with PUCCH format 3. Positive/negative SR can be indicated in a subframe where the UE has ACK/NACK feedback to transmit by appending an extra information bit that indicates positive or negative SR together with the ACK/NACK according to the following: 

The bits input to the channel coding block are denoted by  
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 where O is the number of bits. The A/N message bits are denoted by 
[image: image2.wmf]2

3

2

1

0

,...,

,

,

,

-

O

o

o

o

o

o

 and the scheduling request bit is denoted by 
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Proposal
· In case of SR+ACK/NACK is transmitted with PUCCH format 3, positive/negative SR is indicated in an SR occasion by appending an extra information bit at the end of ACK/NACK information bits
3. Conclusion

In this contribution we discuss the remaining coding aspects of PUCCH format 3. Based on the discussion in the contribution we propose

· Adopt the ordering and coding of ACK/NACK bits for PUCCH format 3 according to section 5.2.3.1 in ‎[2]
· In case of SR+ACK/NACK is transmitted with PUCCH format 3, positive/negative SR is indicated in an SR occasion by appending an extra information bit at the end of ACK/NACK information bits
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Appendix

In Appendix, link performance plots of DFT-S-OFDM based transmission schemes for CA A/N feedback are provided. Simulation assumptions are listed in Table VI and details about DTX thresholds are given in ‎[1]. In the following figures,

· Pr(ACK bits → NAK bits or DTX) is plotted in solid lines,

· Pr(NAK or DTX bits → ACK bits) is plotted in dashed lines,

· 
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In each figure, a fixed payload size is considered. Each payload can be (effectively) encoded by different combinations of (32, O) Reed Muller code basis sequences. The legends denote these basis sequence index combinations. 

Table I. Link performance comparison for 5 configured CCs with 2 A/N bits for each CC.

	Scheduled CC indices
	Instantaneous codebook adaptation


	Slow encoding codebook adaptation
(UE encoding basis indices: 0,1,2,3,4,5,6,7,8,9)

	
	RM basis indices for both UE & eNB
	Required SNR [dB]
	Effective decoding basis indices at eNB
	Required SNR [dB]
	Excess TX power [dB]

	0,1,2,3,4
	0,1,2,3,4,5,6,7,8,9
	–3.5
	0,1,2,3,4,5,6,7,8,9
	–3.5
	0.0

	0,1,2,3
	0,1,2,3,4,5,6,7
	–4.7
	0,1,2,3,4,5,6,7
	–4.7
	0.0

	0,1,2,4
	
	
	0,1,2,3,4,5,8,9
	–4.6
	0.1

	0,1,3,4
	
	
	0,1,2,3,6,7,8,9
	–4.5
	0.1

	0,2,3,4
	
	
	0,1,4,5,6,7,8,9
	–4.5
	0.2

	1,2,3,4
	
	
	2,3,4,5,6,7,8,9
	–4.1
	0.5

	0,1,2
	0,1,2,3,4,5
	–5.5
	0,1,2,3,4,5
	–5.5
	0.0

	0,1,3
	
	
	0,1,2,3,6,7
	–5.5
	0.0

	0,2,3
	
	
	0,1,4,5,6,7
	–5.5
	0.1

	1,2,3
	
	
	2,3,4,5,6,7
	–5.2
	0.4

	0,1,4
	
	
	0,1,2,3,8,9
	–5.5
	0.0

	0,2,4
	
	
	0,1,4,5,8,9
	–5.5
	0.0

	1,2,4
	
	
	2,3,4,5,8,9
	–5.3
	0.3

	0,3,4
	
	
	0,1,6,7,8,9
	–5.5
	0.0

	1,3,4
	
	
	2,3,6,7,8,9
	–5.2
	0.3

	2,3,4
	
	
	4,5,6,7,8,9
	–5.4
	0.1

	0,1
	0,1,2,3
	–6.1
	0,1,2,3
	–6.1
	0.0

	0,2
	
	
	0,1,4,5
	–6.1
	0.0

	1,2
	
	
	2,3,4,5
	–6.1
	0.0

	0,3
	
	
	0,1,6,7
	–6.1
	0.0

	1,3
	
	
	2,3,6,7
	–6.1
	0.0

	2,3
	
	
	4,5,6,7
	–5.9
	0.2

	0,4
	
	
	0,1,8,9
	–6.1
	0.0

	1,4
	
	
	2,3,8,9
	–6.1
	0.0

	2,4
	
	
	4,5,8,9
	–6.1
	0.0

	3,4
	
	
	6,7,8,9
	–6.1
	0.0

	1
	0,1
	–6.8
	2,3
	–6.8
	0.0

	2
	
	
	4,5
	–6.8
	0.0

	3
	
	
	6,7
	–6.8
	0.0

	4
	
	
	8,9
	–6.8
	0.0

	
	
	
	Average excess TX power [dB]
	0.08


Table II. Link performance comparison for 4 configured CCs with 2 A/N bits for each CC.

	Scheduled CC indices
	Instantaneous codebook adaptation


	Slow encoding codebook adaptation
(UE encoding basis indices: 0,1,2,3,4,5,6,7)

	
	RM basis indices for both UE & eNB
	Required SNR [dB]
	Effective decoding basis indices at eNB
	Required SNR [dB]
	Excess TX power [dB]

	0,1,2,3
	0,1,2,3,4,5,6,7
	–4.7
	0,1,2,3,4,5,6,7
	–4.7
	0.0

	0,1,2
	0,1,2,3,4,5
	–5.5
	0,1,2,3,4,5
	–5.5
	0.0

	0,1,3
	
	
	0,1,2,3,6,7
	–5.5
	0.0

	0,2,3
	
	
	0,1,4,5,6,7
	–5.5
	0.1

	1,2,3
	
	
	2,3,4,5,6,7
	–5.2
	0.4

	0,1
	0,1,2,3
	–6.1
	0,1,2,3
	–6.1
	0.0

	0,2
	
	
	0,1,4,5
	–6.1
	0.0

	1,2
	
	
	2,3,4,5
	–6.1
	0.0

	0,3
	
	
	0,1,6,7
	–6.1
	0.0

	1,3
	
	
	2,3,6,7
	–6.1
	0.0

	2,3
	
	
	4,5,6,7
	–6.1
	0.2

	1
	0,1
	–6.8
	2,3
	–6.8
	0.0

	2
	
	
	4,5
	–6.8
	0.0

	3
	
	
	6,7
	–6.8
	0.0

	
	
	
	Average excess TX power [dB]
	0.05


Table III. Link performance comparison for 3 configured CCs with 2 A/N bits for each CC.

	Scheduled CC indices
	Instantaneous codebook adaptation


	Slow encoding codebook adaptation
(UE encoding basis indices: 0,1,2,3,4,5)

	
	RM basis indices for both UE & eNB
	Required SNR [dB]
	Effective decoding basis indices at eNB
	Required SNR [dB]
	Excess TX power [dB]

	0,1,2
	0,1,2,3,4,5
	–5.5
	0,1,2,3,4,5
	–5.5
	0.0

	0,1
	0,1,2,3
	–6.1
	0,1,2,3
	–6.1
	0.0

	0,2
	
	
	0,1,4,5
	–6.1
	0.0

	1,2
	
	
	2,3,4,5
	–6.1
	0.0

	1
	0,1
	–6.8
	2,3
	–6.8
	0.0

	2
	
	
	4,5
	–6.8
	0.0

	
	
	
	Average excess TX power [dB]
	0.00


Table IV. Link performance comparison for 2 configured CCs with 2 A/N bits for each CC.

	Scheduled CC indices
	Instantaneous codebook adaptation


	Slow encoding codebook adaptation
(UE encoding basis indices: 0,1,2,3)

	
	RM basis indices for both UE & eNB
	Required SNR [dB]
	Effective decoding basis indices at eNB
	Required SNR [dB]
	Excess TX power [dB]

	0,1
	0,1,2,3
	–6.1
	0,1,2,3
	–6.1
	0.0

	1
	0,1
	–6.8
	2,3
	–6.8
	0.0

	
	
	
	Average excess TX power [dB]
	0.00


Table V. Link performance comparison for cases with 1 A/N bit for each CC.

	Scheduled CC indices
	Instantaneous codebook adaptation


	Slow encoding codebook adaptation
(UE encoding basis indices: 0,1,2,3,4)

	
	RM basis indices for both UE & eNB
	Required SNR [dB]
	Effective decoding basis indices at eNB
	Required SNR [dB]
	Excess TX power [dB]

	0,1,2,3,4
	0,1,2,3,4
	‒5.8
	0,1,2,3,4
	‒5.8
	0.0

	0,1,2,3
	0,1,2,3
	‒6.1
	0,1,2,3
	‒6.1
	0.0

	0,1,2,4
	
	
	0,1,2,4
	‒6.1
	0.0

	0,1,3,4
	
	
	0,1,3,4
	‒6.1
	0.0

	0,2,3,4
	
	
	0,2,3,4
	‒6.1
	0.0

	1,2,3,4
	
	
	1,2,3,4
	‒6.1
	0.0

	0,1,2
	0,1,2
	‒6.5
	0,1,2
	‒6.5
	0.0

	0,1,3
	
	
	0,1,3
	‒6.5
	0.0

	0,2,3
	
	
	0,2,3
	‒6.5
	0.0

	1,2,3
	
	
	1,2,3
	‒6.5
	0.0

	0,1,4
	
	
	0,1,4
	‒6.5
	0.0

	0,2,4
	
	
	0,2,4
	‒6.5
	0.0

	1,2,4
	
	
	1,2,4
	‒6.5
	0.0

	0,3,4
	
	
	0,3,4
	‒6.5
	0.0

	1,3,4
	
	
	1,3,4
	‒6.5
	0.0

	2,3,4
	
	
	2,3,4
	‒6.5
	0.0

	0,1
	0,1
	‒6.8
	0,1
	‒6.8
	0.0

	0,2
	
	
	0,2
	‒6.8
	0.0

	1,2
	
	
	1,2
	‒6.8
	0.0

	0,3
	
	
	0,3
	‒6.8
	0.0

	1,3
	
	
	1,3
	‒6.8
	0.0

	2,3
	
	
	2,3
	‒6.8
	0.0

	0,4
	
	
	0,4
	‒6.8
	0.0

	1,4
	
	
	1,4
	‒6.8
	0.0

	2,4
	
	
	2,4
	‒6.8
	0.0

	3,4
	
	
	3,4
	‒6.8
	0.0

	1
	0
	‒7.5
	1
	‒7.5
	0.0

	2
	
	
	2
	‒7.5
	0.0

	3
	
	
	3
	‒7.5
	0.0

	4
	
	
	4
	‒7.5
	0.0

	
	
	
	Average excess TX power [dB]
	0.00

	
	
	
	
	
	

	Scheduled CC indices
	Instantaneous codebook adaptation
	Slow encoding codebook adaptation
(UE encoding basis indices: 0,1,2,3)

	
	RM basis indices for both UE & eNB
	Required SNR [dB]
	Effective decoding basis indices at eNB
	Required SNR [dB]
	Excess TX power [dB]

	0,1,2,3
	0,1,2,3
	‒6.1
	0,1,2,3
	‒6.1
	0.0

	0,1,2
	0,1,2
	‒6.5
	0,1,2
	‒6.5
	0.0

	0,1,3
	
	
	0,1,3
	‒6.5
	0.0

	0,2,3
	
	
	0,2,3
	‒6.5
	0.0

	1,2,3
	
	
	1,2,3
	‒6.5
	0.0

	0,1
	0,1
	‒6.8
	0,1
	‒6.8
	0.0

	0,2
	
	
	0,2
	‒6.8
	0.0

	1,2
	
	
	1,2
	‒6.8
	0.0

	0,3
	
	
	0,3
	‒6.8
	0.0

	1,3
	
	
	1,3
	‒6.8
	0.0

	2,3
	
	
	2,3
	‒6.8
	0.0

	1
	0
	‒7.5
	1
	‒7.5
	0.0

	2
	
	
	2
	‒7.5
	0.0

	3
	
	
	3
	‒7.5
	0.0

	
	
	
	Average excess TX power [dB]
	0.00

	
	
	
	
	
	

	Scheduled CC indices
	Instantaneous codebook adaptation
	Slow encoding codebook adaptation
(UE encoding basis indices: 0,1,2)

	
	RM basis indices for both UE & eNB
	Required SNR [dB]
	Effective decoding basis indices at eNB
	Required SNR [dB]
	Excess TX power [dB]

	0,1,2
	0,1,2
	‒6.5
	0,1,2
	‒6.5
	0.0

	0,1
	0,1
	‒6.8
	0,1
	‒6.8
	0.0

	0,2
	
	
	0,2
	‒6.8
	0.0

	1,2
	
	
	1,2
	‒6.8
	0.0

	1
	0
	‒7.5
	1
	‒7.5
	0.0

	2
	
	
	2
	‒7.5
	0.0

	
	
	
	Average excess TX power [dB]
	0.00

	
	
	
	
	
	

	Scheduled CC indices
	Instantaneous codebook adaptation
	Slow encoding codebook adaptation
(UE encoding basis indices: 0,1)

	
	RM basis indices for both UE & eNB
	Required SNR [dB]
	Effective decoding basis indices at eNB
	Required SNR [dB]
	Excess TX power [dB]

	0,1
	0,1
	‒6.8
	0,1
	‒6.8
	0.0

	1
	0
	‒7.5
	1
	‒7.5
	0.0

	
	
	
	Average excess TX power [dB]
	0.00


Table VI. Link evaluation assumptions.

	Parameters
	Value

	carrier frequency
	2.0 GHz

	Bandwidth
	10 MHz

	channel model
	EPA

	UE speed (km/h)
	3 km/h

	frequency hopping
	at slot boundary

	antenna setup
	1T2R

	RX antenna correlation
	uncorrelated

	channel estimation
	practical

	CP type
	normal CP

	transmission schemes
	DFT-S-OFDM with SF=5 [4]

	signal bandwidth
	180 kHz

	RX false alarm detection threshold
	set such that Freq(PUCCH DTX → ACK bits) = 10‒2
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