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1. Introduction  
The following was agreed in RAN1-61bis regarding ACK/NACK transmission schemes in Rel-10 carrier aggregation (CA), for both 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: PUCCH format 3 based on DFT-S-OFDM
For FDD, it was also agreed that PUCCH format 3 with payload up to 11 bits uses RM (32, O) coding to support full ACK/NACK feedback for CA with up to 5 CC aggregated. However, the maximum number of ACK/NACK bits in support of CA in LTE-A for TDD is still under discussion [1]-[5]. In this contribution, we give our opinion on the maximum ACK/NACK payload to support LTE-A TDD CA. 
2. Discussion
It is obvious that the number of ACK/NACK bits in support of carrier aggregation in LTE-A TDD should be larger than 11 bits from the DL throughput performance perspective to avoid ACK/NACK bundling as much as possible. However, larger ACK/NACK payload size implies higher UL SNR required for reliable PUCCH transmission. It seems inevitable to support ACK/NACK bundling for power-limited UE with large A/N payload in TDD. To some extent, partial ACK/NACK bundling e.g. spatial bundling or CC bundling is an efficient way to achieve good trade-off between throughput performance and UL geometry. If no bundling is applied, the maximum A/N payload size may be extremely high to support full A/N feedback in LTE-A TDD CA, which may result in a much complicated PUCCH design to guarantee the link performance and the necessity of which may be questionable. If spatial bundling is applied in LTE-A TDD prior to multiplexing, the maximum A/N payload size can be halved and 20 bits seems sufficient, which seems supportive by UE with good channel condition. So hereinafter we discuss how to support the maximum 20 bits A/N feedback for TDD and the link-level performance evaluation results are provided. 
Though it is feasible to use 2*PUCCH structure/2 RB PUCCH structure to achieve 20 bits A/N feedback, to keep single carrier property and minimize standard effort, it is more acceptable to adopt DFT-S-OFDM based PUCCH format 3 as well. For PUCCH format 3 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. For larger A/N payload size, two channel coding schemes are envisioned:

Alternative#1: TBCC defined in TS36.212
Alternative #2: Dual RM (32, O) coding with truncation combined with symbol/bit-level interleaving, which is described as follow. Large ACK/NACK payload size (>11 bits) shall be divided into two blocks. The bit number of ACK/NACK payload in each block shall be less than 11
· Each ACK/NACK block is coded into 24 coded bits using RM(32,O) code with truncation

· The two 24 coded bits are concatenated into 48 bits.

· The concatenated 48 bits are interleaved by interleave sequence and then modulated into 24 QPSK symbols. (it is ensured that the two bits forming each QPSK symbol come from the same ACK/NACK block)
Interleave sequence = { 1，2，25，26，3，4，27，28，5，6，29，30，7，8，31，32，9，10，33，34，11，12，35，36，13，14，37，38，15，16，39，40，17，18，41，42，19，20，43，44，21，22，45，46，23，24，47，48};
· The modulated symbols are divided into two blocks before DFT pre-coding, the first 12 symbols for the 1st slot and the last 12 symbols for the 2nd slot.

· One length-12 DFT pre-coding is performed for each block in each slot

· At the receiver, ML is performed separately for each RM block in time domain
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Figure 1 Dual RM code
As stated in [5], altenative#2 i.e., Dual RM (32, o) coding scheme, seems more attractive and have acceptable implementation complexity and standard efforts as RM (32, o) is adopted for up to 11 ACK/NACK bits on PUCCH format 3, minor complexity will be introduced to UE side while the network decoding complexity can be maintained to an acceptable level (twice of single RM (32, o)) with same detection algorithm by decoding dual parallel coding block. Figure 2 shows the simulation results of the above two schemes based on the simulation assumptions in Annex and the table 1 and 2 give the required SNR for 12, 14, 16 and 20 bits respectively.
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Figure 2 Simulations results for these two channel coding
Table 1 Required SNR to satisfy BER<=0.001 in EPA
	
	Required SNR (dB)

	
	12 bits
	14 bits
	16 bits
	20 bits

	Two-block RM coding
	-1.89
	-1.32
	-0.98
	0.15

	TBCC
	-1.5
	-0.82
	-0.35
	0.85

	Gain of RM over TBCC
	0.39
	0.50
	0.63
	0.70


Table 2 Required SNR to satisfy BER<=0.001 in ETU
	
	Required SNR (dB)

	
	12 bits
	14 bits
	16 bits
	20 bits

	Two-block RM coding
	-1.22
	-0.15
	0.45
	1.39

	TBCC 
	-0.27
	0.35
	0.61
	1.56

	Gain of RM over TBCC
	0.95
	0.50
	0.16
	0.17


It can be observed that the alternative 2 can outperform alternative 1. Considering the performance and coding complexity, Dual (32, O) RM code with truncation combined with symbol/bit-level interleaving should be considered. In addition, it can also be seen from figure 3 that 70% UEs can satisfy the required SNR for 20 bits ACK/NACK transmission to achieve 1e-3 BER. Hence, to improve the DL throughput performance, 20 bits ACK/NACK feedback payload can be supported for LTE-A TDD.
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Figure 3 Distribution of the number of UEs vs SNR
5. Conclusions 
In this contribution, 20 bits ACK/NACK payload in support of CA in LTE-A TDD is proposed to balance the DL throughput and ACK/NACK payload size. Based on simulation results, it is observed that Dual (32, O) RM code with truncation combined with symbol/bit-level interleaving outperforms TBCC for large A/N payload size and can achieve acceptable performance.
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Annex- simulation assumptions
	Parameters
	Value

	carrier frequency
	2.0 GHz

	channel model
	EPA 3km/h 10 MHz, ETU 3km/h 10Mhz

	frequency hopping
	at slot boundary

	antenna setup
	1Tx, 2Rx

	RX antenna correlation
	Uncorrelated

	channel estimation
	Practical

	CP type
	normal CP

	signal bandwidth
	180 kHz

	RX false alarm detection threshold
	DTX detection is not applied 

	Noise estimation
	Ideal

	Number of UEs
	1

	Number of PRBs for PUCCH
	1
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