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

In particular, we compare the performance of DFT-S-OFDM with SF=5, R8 PUCCH Type 2 and R8 PUCCH Type 1b using (16, N) Reed-Muller coding [1]-[6]. Simulation results are presented for EPA.
2
Introduction

In RAN1 #60bis, several agreements and working assumption relevant to R10 ACK/NACK transmission schemes for the PUCCH were reached:

Agreement: 
· Exclude from further consideration the following schemes:

· SF reduction to 1

· Multiple simultaneous PUCCH transmission for A/N in multiple non-adjacent PRBs
· The following is agreed for at least FDD:

· Maximum 10 A/N bits shall be supported

· FFS: 12 bits if DTX is explicitly indicated

· Optimisation shall be for M to N bits where M<N<10

Working assumption:

· For FDD, cross-carrier A/N bundling is not supported for the non-power-limited case. 

In RAN1#60bis, we compared the link level performance of several joint coding based PUCCH design approaches, e.g. based on the R8 PUCCH Type 2 and based on the R8 PUCCH Type 1b [1].

In order to allow for further progress on determining the appropriate R10 ACK/NACK transmission scheme(s) for ACK/NACK multiplexing for carrier aggregation, we here compare link level performance of DFT-S-OFDM SF=5, R8 PUCCH Type 2 and R8 PUCCH Type 1b using (16, N) Reed-Muller coding [1]-[6]. 

For the required SNR evaluation, we assume the following performance requirements to be met

· Pr(NAK bits → ACK bits) ≤ 10-3
· Pr(ACK bits → NAK bits or DTX) ≤ 10-2
· Pr(DTX → ACK bits) ≤ 10-2
Given that all evaluated schemes have equal spectral BW occupation matching that of the R8 PUCCH signal, and that we assume equal UE transmission power and Tx power backoff for the link budget calculation, the obtained required SNR values are directly used for the performance comparison.
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.

In the case of PUCCH Format 1b using the (16, N) Reed-Muller coding [1], the A/N bits are jointly coded using the shortened RM base sequences as given for the R8 PUCCH Format 2.

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
	EPA 3 km/h

	Receiver Type
	MMSE

	Sampling Frequency
	Nyquist

	FFT size
	1024 

	Channel Estimation
	Realistic

	Cyclic Prefix Type
	Normal CP

	DTX detection / PFA
	Enabled / Pr(DTX → ACK)=10-2

	PUCCH format
	R8 PUCCH Type 2 with (20, N) RM code
Proposed DFT-S-OFDM SF=5 (32,N) RM code and CBR
Proposed PUCCH Type 1b using (16, N) RM code


4
Simulations Results

Figure 1 to Figure 6 show the results of the link performance analysis for the different ACK/NACK payload sizes in the range from N=3 to N=8 bits.

Every figure shows LL performance of DFT-S-OFDM SF=5 in red, R8 PUCCH Format 2 using (20, N) Reed-Muller coding in blue, PUCCH Format 1b using (16, N) Reed-Muller code in black.

Solid lines represent the probability of ACK missed detection, i.e., Pr(ACK→NACK/DTX) and dashed lines indicate the probability of error for NACK to ACK.
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Figure 1: Link performance of Rel-10 PUCCH A/N multiplexing schemes for N=3 A/N bits
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Figure 2: Link performance of Rel-10 PUCCH A/N multiplexing schemes for N=4 A/N bits
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Figure 3: Link performance of Rel-10 PUCCH A/N multiplexing schemes for N=5 A/N bits
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Figure 4: Link performance of Rel-10 PUCCH A/N multiplexing schemes for N=6 A/N bits
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Figure 5: Link performance of Rel-10 PUCCH A/N multiplexing schemes for N=7 A/N bits
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Figure 6: Link performance of Rel-10 PUCCH A/N multiplexing schemes for N=8 A/N bits

5
Discussion
Based on the link level results in Section 4, we summarize the required SNR for each of the proposed R10 PUCCH transmission schemes in Table 2.
Table 2: Required SNR [dB] for proposed R10 AN transmission schemes @ 
Pr (NAK → ACK) ≤ 10-3, 
Pr (ACK bits → NAK or DTX) ≤ 10-2 and Pr (DTX → ACK bits) ≤ 10-2
	Number of AN bits
	N=3
	N=4
	N=5
	N=6
	N=7
	N=8

	PUCCH Type 1b with (16,N) RM
	-6.7
	-5
	-3.9
	-2.5
	-1.8
	-0.3

	R8 PUCCH Type 2
	-6.4
	-5.5
	-5
	-1.5
	-1.4
	-1.3

	DFT-S-OFDM SF=5
	-6
	-5.3
	-4.6
	-4.2
	-3.7
	-3.5


We observe that a distinction between at least two cases of R10 system operation is warranted: a first case of operation where the payload of the PUCCH doesn’t exceed 5 AN bits, and a second case for AN payloads of 6 bits or more. 
Clearly, DFT-S-OFDM SF=5 outperforms R8 PUCCH Type 2 based design for the case of 6 or more AN bits worth of PUCCH payload in terms of required SINR link-level in EPA. We also observe that DFT-S-OFDM SF=5 consistently offers the best system-level multiplexing capacity in terms of users/cell/RB @ target BER for the case of N=8 A/N bits in a 3GPP Case 1 environment [7].
However, R8 PUCCH Type 2 design results in some 0.5 dB better required SINR for up to 5 AN bits worth of PUCCH payload when compared to DFT-S-OFDM SF=5. Note that in addition to this link-level performance advantage of the legacy R8 PUCCH Type 2 design, PUCCH Type 2 provides a somewhat higher system-level multiplexing capacity than DFT-S-OFDM in terms of users/cell/RB @ target PUCCH BER for N=4 A/N bits in the 3GPP Case 1 environment, and provides a significantly better performance than DFT-S OFDM in the 3GPP Case 3 environment [7]. 
We observe that R8 PUCCH Type 1 based design is an interesting candidate link-level performance wise for the particular case of N=3 bits only. However, the actual performance difference in terms of required SINR compared to R8 PUCCH Type 2 is minor. Scalability in terms of number of users per RB however is more easily achieved using the PUCCH Type 1 based design [7].
Given that R8 PUCCH Type 2 based AN transmission for R10 in the case of 5 or fewer AN bits captures most if not all link-level gains compared to DFT-S-OFDM, and results in a good system-level multiplexing capacity [7], it appears like a natural choice to use PUCCH Type 2 for all cases where less than 6 bits AN are configured by RRC when coverage or link-level considerations are the primary concern.
We note that both the DFT-S-OFDM SF=5 AN transmission scheme and the R8 PUCCH Type 2 based AN transmission scheme use Reed-Muller coding. We therefore expect only minor and comparable degradations for both candidate transmission schemes in terms of required SINR when slow codebook adaptation based on the number of configured DL CC’s is adopted for R10 LTE .
6
Conclusions and Recommendations
In this contribution, we have shown a link-level performance comparison for the DFT-S-OFDM with SF=5 proposal, R8 PUCCH Type 2 based AN transmission, and the R8 PUCCH Type 1b (16, N) Reed-Muller coding proposal.
We propose the following working assumptions:
Proposal 1: When A/N corresponding to a single received DL assignment on the Primary Cell is sent by the UE, R8 PUCCH Type 1 and the R8 dynamic resource assignment rule are used.

Proposal 2: When 2 or more DL CC’s are configured, the R10 PUCCH Format(s) depend on the number of configured DL CC’s irrespective of the number of DL assignments decoded in that subframe by the UE.

Proposal 3: For the case of 2 or more configured DL CC’s, R10 FDD supports two configuable PUCCH Format(s), e.g. a first PUCCH format supporting transmission of 5 or less A/N bits, and a second format supporting transmission of 6 or more A/N bits per subframe. 
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