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Discussion
1
Scope
In this contribution, we compare the link level performance of a number of R10 PUCCH candidate ACK/NACK transmission schemes.

In particular, we compare the performance of several joint coding based approaches, e.g. R8 PUCCH Type 2 and PUCCH Type 1b based design using the SF reduction approach together with either explicit bit sequence mapping or (16, N) Reed-Muller coding.

2
Introduction

It has been established that in order to support carrier aggregation for up to five DL CC’s with up to two TB’s on each CC in R10, the theoretically required number of feedback bits representative of an exhaustive list of all possible ACK/NACK/DTX states will grow considerably compared to that of R8.
Whereas R8 FDD only supports either 1 or 2 AN bits per TTI, a nominal worst case for R10 FDD assuming no optimization at all, i.e. through codebook design and/or partial/spatial bundling would result in an estimated 11-12 bits worth of AN states in presence of DL SU MIMO [1]. This however may not necessarily be the practical worst case to cater for in system design, given that only some 7-8 bits payload per TTI worth of AN states in an exhaustive representation are needed even in the case of 5 DL CC’s / no DL SU MIMO, or in the case of 5 DL CC’s / DL SU MIMO in conjunction with spatial bundling.

Amongst the more frequent carrier aggregation cases to be expected, 2 or 3 simultaneously activated DL CC’s would result in some 3-4 bits representative of AN states in either an exhaustive representation, or in conjunction with some form of bundling assumed.
In RAN1 #60, the following agreements relevant to ACK/NACK transmission on the PUCCH were reached:

· Simultaneous A/N on PUCCH transmission from 1 UE on multiple UL CCs is not supported 

· A single UE-specific UL CC is configured semi-statically for carrying PUCCH A/N 

· Note that this agreement is unrelated to which DL CCs may carry PDCCH for a UE. 

· Method for assigning PUCCH resource(s) for a UE on the above single UL carrier in case of carrier aggregation

· Implicit / Explicit / Hybrid: FFS

Note that for a CA-capable UE that is configured for single UL/DL carrier-pair operation, single-antenna PUCCH resource assignment shall be done as per Rel-8.
A number of ACK/NACK transmission schemes for accommodating such an increased number of feedback information bits have been proposed in [1]-[9].
We consider the performance of Nx PUCCH schemes to be of reduced interest, given that Nx PUCCH suffers from loss in the UL link budget compared to single PUCCH transmission schemes. In addition, the IMD issue [10] currently seems too prohibitive to be overcome, even if proper choices with respect to placement or relative power setting or MPR constraints could somewhat mitigate its severity.

In this contribution, we present a link-level comparison for a few selected of these proposed ACK/NACK transmission schemes. Specifically, we compare the performance of Joint Coding approaches. We evaluate the link-level performance of R8 PUCCH Type 2 using (20, N) Reed-Muller with that of PUCCH Format 1b using SF reduction [6]. For the PUCCH Type 1b based AN signalling proposal, a SF reduction down to 2 or 1 is assumed, and we use either sequential mapping to channel symbols, or a (16, N) Reed-Muller code. The (16, N) RM code was simply obtained by using the punctured bases of the baseline R8 (20, N) RM code.
Primary cases of interest are N=4 bits worth of AN states for the case 3 DL CC’s, and N=8 bits worth of AN states for the practical worst case of up to 5 DL CC’s and assuming spatial bundling for each DL CC.

3
Simulation Assumptions
Link-level simulation parameters are shown in Table 1.
For all evaluated R10 PUCCH Ack/Nack transmission schemes, frequency-hopping as for the R8 PUCCH is assumed.
Table 1: Link-level simulation assumptions 

	Parameter
	Value

	Bandwidth
	10 MHz

	Carrier Frequency
	2.0 GHz

	Tx/Rx Antenna Configuration
	1 Tx / 2 Rx 

	Channel Model
	ETU 3 km/h

	Multiple antenna processing
	AGI 0 dB
Un-correlated

	Receiver Type
	MMSE

	Sampling Frequency
	Nyquist

	FFT size
	1024 

	Channel Estimation
	Realistic

	Cyclic Prefix Type
	Normal CP

	DTX / PFA
	Disabled

	PUCCH format
	R8 PUCCH Type 1b (reference)
R8 PUCCH Type 2 (20, N) RM code (Joint Coding)
PUCCH Type 1b with reduced SF (SF2 and SF1)
PUCCH Type 1b, no spreading, (16, N) RM code (Joint Coding)


4
Simulations Results

Figure 1 compares the link performance of PUCCH Format 2 using (20, N) Reed-Muller coding with PUCCH Format 1b SF=2, and with PUCCH Format 1b using no spreading and a (16, N) Reed-Muller code for the case of N=4 A/N bits. In the case of PUCCH Format 1b using the (16, N) Reed-Muller coding, the A/N bits are jointly coded in the same way as in R8 PUCCH format 2. 
Figure 2 compares the link level performance for these schemes in the case of 8 A/N bits.

Finally, Figure 3 shows the performance of PUCCH Format 1b using the (16, N) RM code for 3...8 A/N bits.

We include the link performance of the R8 PUCCH Format 1b as reference for comparison.
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Figure 1: Link performance R10 PUCCH A/N transmission schemes for N=4 A/N bits
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Figure 2: Link Link performance R10 PUCCH A/N transmission schemes for N=8 A/N bits
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Figure 3: Link performance of PUCCH Format 1b (16, N) RM (Joint coding), no spreading, N=3...8 bits

5
Discussion
Based on these link-level results, we observe that a distinction between two cases of R10 system operation is warranted.
For R10 carrier aggregation operation in presence of 2 or 3 activated DL CC’s, and in consequence some N=3...4 bits worth of AN states, PUCCH Type 1b based design clearly has a performance advantage over the PUCCH Type 2 based (20, 4) RM coding. Note that PUCCH Type 1 based design differs performance-wise when comparing the SF=2 approach to the (16, 4) RM coding with no spreading employed.

However, for R10 carrier aggregation assuming a practical worst case design needs to accommodate ACK/NACK for up to 5 simultaneously activated DL CC’s, and correspondingly up to N=7...8 bits worth of AN states (assuming no optimization other than spatial bundling). For this case, R8 PUCCH Format 2 is preferable, given that it will outperform the PUCCH Format 1b based design under realistic operation conditions. Also note that for larger number, e.g. N=7...8 per subframe of A/N bits, the resulting higher coding rate of the PUCCH Type 2 RM coding outweights the impact of having less reference symbols than with a PUCCH Format 1b based design.

Some slight drawback of the baseline PUCCH Format 1b SF=2 A/N transmission scheme (N=4 A/N bits mapped sequentially to 4 QPSK symbols and repeated in the 2nd timeslot) is scalability for N=3 (and N=5) A/N bits. In fact, the (16, N=3 or 4) Reed-Muller code overcomes this limitation by using joint coding across the two timeslots on all 8 QPSK symbols.
6
Conclusions and Recommendations
In this contribution, we have shown the link level performance for several joint coding based approaches, e.g. R8 PUCCH Type 2 and PUCCH Type 1b based design using the SF reduction approach together with either explicit bit sequence mapping, or (16, N) Reed-Muller coding.

In order to maximise R10 UL PUCCH coverage in presence of carrier aggregation as compared to the R8 baseline, we recommend to distinguish R10 PUCCH design between the first case of N=3...4 A/N bits for the case of 2 to 3 activated DL CC’s, and a second practical worst case with up to 5 DL CC’s resulting in the requirement for some N=7...8 A/N bits. Which R10 PUCCH A/N format a UE must use would depend on the number of activated DL CC’s as configured through the Fast Activation mechanism.

We propose the following:
Proposal 1: Nx PUCCH is not supported in R10
Proposal 2: When A/N corresponding to a single DL assignment received on the Primary Cell is sent by the UE, R8 PUCCH Type 1 and the R8 dynamic resource assignment rule are used.
Proposal 3: When 2 or more DL CC’s are activated, the R10 PUCCH Format(s) depend on the number of activated DL CC’s irrespective of the number of DL assignments decoded in that subframe by the UE.

Proposal 4: R10 FDD supports two configuable PUCCH Format(s), e.g. a first PUCCH format supporting transmission of up to 4 A/N bits, and a second format supporting transmission of 5 or more A/N bits per subframe.
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