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1. Introduction

At the last WG1 meeting in Madrid, ACK/NACK feedback for TDD with carrier aggregation was discussed, and when it comes to maximum payload sizes for TDD with carrier aggregation, both 10bits and 20bits were proposed. The present contribution investigates channel coding choices to support up to 21 bits in PUCCH format 3 for TDD HARQ feedback corresponding to 20 bits for ACK/NACK and one additional bit for scheduling request (SR).   The contribution does not discuss whether or not 21 bits should be supported. 

2. Channel Coding for Format 3 PUCCH

For FDD with payload sizes up to 11 bits, the payload is encoded by the standard Rel-8 (32, O) RM code followed by a circular buffer rate matching (CBRM) into 48 coded bits. For payload sizes in excess of 11 bits,  two options are considered,  Rel-8 tail-biting convolutional coding and dual Reed Muller encoding. 

1. Rel-8 Tail-biting convolutional coding
The standard Rel-8 tail-biting convolutional coding (without CRC appending) is applied to the payload and followed by CBRM into 48 bits. For our evaluation, we adopted a simple adaptive two-pass Viterbi decoding algorithm from the literature [7]

 REF _Ref272501579 \r \h 
[8].

2. Dual Reed Muller coding
The input payload is divided into two sub-payloads. If the payload size is an odd number, sub-payload 1 is one bit longer than sub-payload 2. Otherwise, the two sub-payloads are of equal lengths. Each of the sub-payloads is encoded by the standard Rel-8 (32, O) RM code followed by a circular buffer rate matching into 24 coded bits each. To ensure each sub-codeword experiences both frequency hops, sub-codeword 1 is put on the real part of the QPSK modulation and sub-codeword 2 is put on the imaginary part of the QPSK modulation. The QPSK modulation symbols are transmitted according to PUCCH format 3 processing
In the evaluations, we emphasize a practical receiver structure. Rather than joint maximum-likelihood decoding both sub-codes (which can contain up to two millions codewords), the two sub-codewords are decoded separately based on existing efficient maximum-likelihood decoder for the Rel-8 (32, O) RM code. The maximum metrics from the two decoding outcomes are then summed together for the purpose of DTX detection.
3. Performance Evaluation

We evaluate the performance of PUCCH format 3 configurations described in Section 2. Simulation assumptions and detailed performance plots are provided in the Appendix. The required operating SNR for these different schemes are determined based on the following performance requirements:

· 
[image: image1.wmf](

)

(

)

2

10

 DTX

PUCCH

#

bits

ACK 

 

false

#

 

bits)

ACK 

 

 DTX

Freq(PUCCH

-

£

=

®


· Pr(NAK or DTX bits → ACK bits) ≤ 10‒3
· If the UE transmits a CA PUCCH based on a slowly adapted codebook, NAK and DTX are both represented by the same bit value (0).

· Pr(ACK bits → NAK bits or DTX) ≤ 10‒2
The receiver detection thresholds are set such that Freq(PUCCH DTX → ACK bits) = 10‒2. The operating SNRs are taken as the larger of those required for achieving Pr(ACK bits → NAK bits or DTX) = 10‒2 and Pr(NAK or DTX bits → ACK bits) = 10‒3. The performance is summarized in Figure 1 through Figure 3.

It can be observed that the performance differences between the TDD large-payload coding approaches are small. So from the performance perspective the two different coding methods are almost equal, however the dual RM code would be simpler from an implementation perspective since it is easier to use prior knowledge in the decoding.
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Figure 1 Receiver sensitivity requirement comparison in normal subframes for 10 MHz, EPA 3 km/hr test channel.
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Figure 2 Receiver sensitivity requirement comparison in normal subframes for 5 MHz, ETU 3 km/hr test channel.
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Figure 3 Receiver sensitivity requirement comparison in normal subframes for 5 MHz, ETU 120 km/hr test channel.
4. Conclusions

In this contribution, we provided performance comparison of two channel coding approaches for large ACK/NACK payloads with PUCCH format 3 for LTE TDD.  We recommend based on extensive link level studies to

· Adopt dual Rel-8 Reed Muller code for PUCCH format 3 for ACK/NACK payloads in excess of 11bits if such payloads are supported.
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5. Appendix 

In this Appendix, the link performance of the proposed transmit diversity coding is provided. Simulation assumptions are listed in Table 1. Pr(ACK bits → NAK bits or DTX) is plotted in solid lines and Pr(NAK or DTX bits → ACK bits) is plotted in dashed lines.
Table 1 Link evaluation assumptions.
	Parameters
	Value

	carrier frequency
	2.0 GHz

	bandwidth,
channel model,

UE speed
	10 MHz, EPA, 3 km/hr

5 MHz, ETU, 3 km/hr

5 MHz, ETU, 120 km/hr

	frequency hopping
	at slot boundary

	antenna setup
	1T2R

	RX antenna correlation
	Uncorrelated

	CP type
	normal CP

	signal bandwidth
	180 kHz

	number of UEs
	1

	number of PRB for PUCCH
	1

	noise estimation
	Ideal
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	channel estimation
	Practical

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