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1. Introduction

At RAN WG1 #61 meeting it has been decided to conclude on the PUCCH design for carrier aggregation (CA) [1]. In [3], we present our view on the CA PUCCH design. In addition to HARQ feedback transmission, we also discuss our view on transmitting HARQ feedback together with scheduling request (SR) and in subframes configured for sounding reference signals (SRS) transmissions.

The present contribution provides performance comparison of CA PUCCH transmission candidates.

2. Carrier Aggregation PUCCH Transmission Candidates

For carrier aggregation (CA), A/N transmission schemes shall be designed to feed back {2, 3, 4, 5, 6, 7, 8, 9, 10} bits to support any combination of single- or dual-codeword transmissions on the configured CCs. Furthermore, as discussed in [3], scheduling requests (SR) can be jointly encoded with the HARQ A/N feedback messages, which increases the potential CA PUCCH payload size to 11 bits.

2.1. Normal Subframes

To search for a suitable CA PUCCH design for Rel-10, we performed extensive link performance evaluations for the following schemes from [5]:

· Channel selection: 2, 3, 4 bits

· Enhanced channel selection: 3, 4, 5 bits

· Channel selection with SF2: 4, 5 bits

· PUCCH format 2: 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 bits
· PUCCH format 2 with encoding basis Mi,5 removed: 2, 3, 4, 5, 6, 7, 8, 9, 10, 11  bits

· PUCCH format 2 with interleaver: 2, 3, 4, 5, 6, 7, 8, 9, 10, 11  bits

· The coded bits from the (20, A) encoder are interleaved according to 


[0   1   2   3   4   6   7   8  13  19   

 5   9  10  11  12  14  15  16  17  18].
· PUCCH format 2 with MSM: 2, 3, 4, 5, 6, 7, 8, 9, 10, 11  bits

· DFT-S-OFDM [3]: 2, 3, 4, 5, 6, 7, 8, 9, 10, 11  bits

· DFT-S-OFDM with FDM=2: 2, 3, 4, 5, 6, 7, 8, 9, 10, 11  bits

2.2. SRS Subframes

As pointed out in [3], CA PUCCH can be transmitted in subframes configured for SRS transmission. In such subframes, CA PUCCH transmissions shall be silenced during the last OFDM symbol to avoid collisions with SRS transmission from other terminals. The following necessary modifications to the CA PUCCH schemes are introduced for transmissions during the second slot of such subframes:

· Format 1, channel selection, and enhanced channel selection

· The OCC length is reduced from 4 to 3.

· Channel selection with SF2
· No OCC for the Data 2 (i.e., SF=1).

· Format 2 with or without modification

· The last two bits (after interleaving, if applicable) are punctured.

· Format 2 with MSM
· Bits at positions {18, 19, 38, 39} are punctured.

· DFT-S-OFDM with or without FDM

· The OCC length is reduced from 5 to 4.

3. Link Budget Analysis
In this contribution, we evaluate the performance of the CA A/N transmission schemes described in the last section. Simulation assumptions are provided in the Appendix. The required operating SNR for these different schemes are determined based on the following performance requirements:

· 
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· If the UE misses all scheduling PDCCHs, no PUCCH is to be sent by the UE. However, because of noise and interference, eNB may still detect a valid PUCCH after processing the corresponding PUCCH resources. The number of false ACK bits generated in each of such false alarm event is recorded. For CA in Rel-10, the number of false ACK bits directly determines the number of corrupted HARQ queues. For each false alarm event, a CA PUCCH scheme that generates, for example, 4 false ACK bits on average is clearly much less desirable than a CA PUCCH scheme that generates 2 false ACK bits on average. Hence, detection threshold based on Pr(False Alarm) does not seem to be adequate for CA. A more stringent threshold based on Freq(PUCCH DTX → ACK bits) appears necessary to ensure proper HARQ operations and throughputs.

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

· Pr(ACK bits → NAK bits or DTX) ≤ 10‒2
The link simulations are set such that Freq(PUCCH DTX → ACK bits) = 10‒2. The required SNRs for Pr(ACK bits → NAK bits or DTX) = 10‒2 and Pr(NAK or DTX bits → ACK bits) = 10‒3 are listed in the Appendix. For each transmission scheme, the larger of the two required SNR is taken as the operating SNR for link budget analysis. As agreed in [5], UE transmission power back-off of 1.0, 1.7, 2.1 and 2.3 dB are applied when transmitting 2, 3, 4 and 5 simultaneous PUCCHs.

Summaries of the receiver sensitivity requirements can be found in Figure 1 through Figure 6. We observed that the DFT-S-OFDM based CA PUCCH with SF=5 (and no FDM) provides reliable link performance across all test channel setups, subframe configurations and payload sizes. For larger payload, the DFT-S-OFDM (SF=5) PUCCH proves more effective than any other candidates. While CA PUCCH schemes based on (enhanced) channel selection have slight performance advantages for smaller payload sizes, it is also recommended to adopt one single scheme for transmission of multiple ACK/NACK in the context of carrier aggregation. This is because switching between two or more schemes based on the payload size will complicate system operations significantly and should be avoided. Adopting a single CA PUCCH transmission scheme based on DFT-S-OFDM (SF=5) with codebook slowly adapted to the number of configured CCs can improve Rel-10 system operation reliability [3]
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3.1. RX Sensitivity in Normal Subframes

[image: image2.emf]2 3 4 5 6 7 8 9 10 11

-127

-126

-125

-124

-123

-122

-121

-120

-119

-118

-117

-116

Number of A/N Bits

RX Sensitivity Requirement [dBm]

10MHz, EPA 3km/hr, 1T2R

 

 

SF=2 Ch Sel

Channel Sel

Enh Ch Sel

Format 2

Format 2 (no M5)

Format 2 (Int)

DFT (SF=5)

DFT (SF=5), FDM=2

MSM Format 2


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.
3.2. RX Sensitivity in SRS Subframes
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Figure 4 Receiver sensitivity requirement comparison in SRS subframes for 10 MHz, EPA 3 km/hr test channel.
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Figure 5 Receiver sensitivity requirement comparison in SRS subframes for 5 MHz, ETU 3 km/hr test channel.
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Figure 6 Receiver sensitivity requirement comparison in SRS subframes for 5 MHz, ETU 120 km/hr test channel.
4. Conclusions

In this contribution, we evaluated the performance of various CA PUCCH transmission schemes in the uplink in terms of varying payload size, test channel setups, and system resource configurations. Based on the extensive evaluation results, we recommend adopting a single CA PUCCH transmission scheme based on DFT-S-OFDM (SF=5) with codebook slowly adapted to the number of configured CCs for reliable Rel-10 system operation [3]
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5. Appendix

In this Appendix, the link performance of various CA A/N transmission schemes is provided. Simulation assumptions are listed in Table I. An exemplary set of complete performance plots for the 10MHz, EPA 3km/hr channel in SRS subframes is provided in Appendix 5.3. The required SNRs (dB) for Pr(ACK bits → NAK bits or DTX) = 10‒2 and Pr(NAK or DTX bits → ACK bits) = 10‒3 are listed in Appendix 5.1 and Appendix 5.2 for the normal and SRS subframes, respectively. 
Table I. Link evaluation assumptions.

	Parameters
	Value

	carrier frequency
	2.0 GHz

	bandwidth,
channel model,

UE speed (km/hr)
	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
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	2

	noise estimation
	ideal

	channel estimation
	practical

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

	general RX description
	Generic RX:

1. Simple channel estimation from received RS

2. MRC received data signals

3. Compute metric for each codeword

4. Find the codeword with the highest metric

5. Compare the maximum metric with the DTX threshold


5.1. Normal Subframe

5.1.1 10MHz, EPA, 3 km/hr

5.1.1.1 SNR for Pr(ACK bits → NAK bits or DTX) = 10‒2
	
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	SF=2 Ch Sel
	  
	
	-6.55
	-6.28  
	  
	  
	  
	  
	  
	

	Channel Sel
	-7.51
	-6.97
	-6.62  
	  
	  
	  
	  
	  
	  
	

	Enh Ch Sel
	  
	
	-6.64
	-6.26  
	  
	  
	  
	  
	  
	

	Format 2
	-6.87
	-6.41
	-6.06
	-5.76
	-5.23
	-5.04
	-4.76
	-4.39
	-4.14
	-3.29

	Format 2 (no M5)
	-6.86
	-6.50
	-6.10
	-5.76
	-5.32
	-5.12
	-4.64
	-4.45
	-3.71
	-3.48

	Format 2 (Int)
	-6.90
	-6.43
	-6.11
	-5.77
	-5.48
	-5.17
	-4.84
	-4.36
	-4.19
	-3.51

	MSM Format 2
	-6.85
	-6.44
	-6.07
	-5.73
	-5.49
	-5.25
	-5.09
	-4.78
	-4.60
	-4.29

	DFT (SF=5), FDM=2
	-6.94
	-6.38
	-6.08
	-5.71
	-5.50
	-5.10
	-4.89
	-4.50
	-4.33
	-3.83

	DFT (SF=5)
	-6.81
	-6.43
	-6.16
	-5.73
	-5.54
	-5.27
	-5.05
	-4.80
	-4.76
	-4.39


5.1.1.2 SNR for Pr(NAK or DTX bits → ACK bits) = 10‒3
	
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	SF=2 Ch Sel
	   
	 
	-5.72 
	-5.09   
	   
	   
	   
	   
	   
	

	Channel Sel
	-12.59 
	-7.33 
	-8.41   
	   
	   
	   
	   
	   
	   
	

	Enh Ch Sel
	   
	 
	-6.85 
	-6.69   
	   
	   
	   
	   
	   
	

	Format 2
	-9.61 
	-8.22 
	-6.32 
	-5.74 
	-2.59 
	-2.12 
	-2.07 
	-1.90 
	-1.39  
	0.96

	Format 2 (no M5)
	-9.27 
	-8.12 
	-6.15 
	-5.71 
	-4.26 
	-3.50 
	-2.80 
	-2.15 
	-0.48 
	-0.25

	Format 2 (Int)
	-9.20 
	-7.81 
	-6.51 
	-5.72 
	-4.61 
	-3.54 
	-2.96 
	-2.14 
	-1.62 
	-0.51

	MSM Format 2
	-9.43 
	-8.26 
	-7.48 
	-6.95 
	-6.32 
	-5.23 
	-4.37 
	-3.71 
	-3.39 
	-2.90

	DFT (SF=5), FDM=2
	-9.61 
	-7.64 
	-6.25 
	-6.05 
	-5.06 
	-3.86 
	-3.03 
	-2.61 
	-2.01 
	-0.81

	DFT (SF=5)
	-9.44 
	-8.73 
	-7.74 
	-7.33 
	-6.61 
	-5.46 
	-4.62 
	-4.03 
	-3.62 
	-2.86


5.1.2 5MHz, ETU, 3km/hr

5.1.2.1 SNR for Pr(ACK bits → NAK bits or DTX) = 10‒2
	
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	SF=2 Ch Sel
	  
	
	-6.07
	-5.68  
	  
	  
	  
	  
	  
	

	Channel Sel
	-6.98
	-6.48
	-6.16  
	  
	  
	  
	  
	  
	  
	

	Enh Ch Sel
	  
	
	-6.20
	-5.75  
	  
	  
	  
	  
	  
	

	Format 2
	-6.41
	-6.04
	-5.58
	-5.26
	-4.72
	-4.54
	-4.25
	-4.05
	-3.66
	-2.68

	Format 2 (no M5)
	-6.56
	-6.02
	-5.59
	-5.30
	-4.90
	-4.54
	-4.33
	-3.91
	-3.30
	-2.96

	Format 2 (Int)
	-6.44
	-5.91
	-5.58
	-5.30
	-5.00
	-4.60
	-4.45
	-3.98
	-3.60
	-3.13

	MSM Format 2
	-6.31
	-5.91
	-5.43
	-5.35
	-5.03
	-4.80
	-4.42
	-4.19
	-4.17
	-4.08

	DFT (SF=5), FDM=2
	-6.17
	-5.90
	-5.48
	-5.15
	-4.87
	-4.50
	-4.13
	-3.76
	-3.20
	-2.56

	DFT (SF=5)
	-6.19
	-5.93
	-5.58
	-5.26
	-5.02
	-4.79
	-4.52
	-4.31
	-4.01
	-3.88


5.1.2.2 SNR for Pr(NAK or DTX bits → ACK bits) = 10‒3
	
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	SF=2 Ch Sel
	   
	 
	-5.34 
	-4.64   
	   
	   
	   
	   
	   
	

	Channel Sel
	-12.20 
	-6.98 
	-7.51   
	   
	   
	   
	   
	   
	   
	

	Enh Ch Sel
	   
	 
	-6.32 
	-6.06   
	   
	   
	   
	   
	   
	

	Format 2
	-8.90 
	-7.47 
	-5.76 
	-5.25 
	-1.94 
	-1.99 
	-1.64 
	-1.20 
	-1.02  
	1.61

	Format 2 (no M5)
	-8.58 
	-7.56 
	-5.92 
	-5.42 
	-3.80 
	-2.84 
	-2.30 
	-1.45  
	0.28  
	0.56

	Format 2 (Int)
	-9.03 
	-7.36 
	-6.07 
	-5.18 
	-4.15 
	-3.27 
	-2.47 
	-1.89 
	-1.09 
	-0.04

	MSM Format 2
	-8.35 
	-7.82 
	-6.80 
	-6.86 
	-5.96 
	-4.71 
	-4.09 
	-3.39 
	-2.79 
	-2.38

	DFT (SF=5), FDM=2
	-7.71 
	-5.69 
	-3.33 
	-3.04 
	-2.46 
	-1.87 
	-0.87 
	-0.18  
	0.40  
	2.45

	DFT (SF=5)
	-7.17 
	-7.14 
	-5.84 
	-5.20 
	-5.48 
	-4.35 
	-3.25 
	-2.71 
	-2.27 
	-1.56


5.1.3 5MHz, ETU, 120 km/hr

5.1.3.1 SNR for Pr(ACK bits → NAK bits or DTX) = 10‒2
	
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	SF=2 Ch Sel
	  
	
	-5.99
	-5.57  
	  
	  
	  
	  
	  
	

	Channel Sel
	-6.88
	-6.40
	-6.09  
	  
	  
	  
	  
	  
	  
	

	Enh Ch Sel
	  
	
	-6.14
	-5.72  
	  
	  
	  
	  
	  
	

	Format 2
	-6.28
	-5.93
	-5.62
	-5.24
	-4.72
	-4.46
	-4.08
	-3.85
	-3.44
	-2.49

	Format 2 (no M5)
	-6.35
	-6.05
	-5.58
	-5.24
	-4.83
	-4.49
	-4.16
	-3.76
	-3.08
	-2.86

	Format 2 (Int)
	-6.26
	-6.00
	-5.61
	-5.27
	-4.93
	-4.56
	-4.25
	-3.64
	-3.39
	-2.94

	MSM Format 2
	-6.34
	-5.89
	-5.56
	-5.26
	-5.03
	-4.75
	-4.42
	-4.32
	-3.99
	-3.71

	DFT (SF=5), FDM=2
	-6.15
	-5.88
	-5.44
	-5.04
	-4.77
	-4.43
	-3.96
	-3.71
	-3.23
	-2.50

	DFT (SF=5)
	-6.10
	-5.91
	-5.62
	-5.19
	-4.88
	-4.68
	-4.59
	-4.25
	-3.95
	-3.85


5.1.3.2 SNR for Pr(NAK or DTX bits → ACK bits) = 10‒3
	
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	SF=2 Ch Sel
	   
	 
	-4.43 
	-3.57   
	   
	   
	   
	   
	   
	

	Channel Sel
	-12.20 
	-6.97 
	-7.55   
	   
	   
	   
	   
	   
	   
	

	Enh Ch Sel
	   
	 
	-6.21 
	-6.05   
	   
	   
	   
	   
	   
	

	Format 2
	-8.77 
	-7.29 
	-5.62 
	-4.93 
	-1.87 
	-1.60 
	-1.14 
	-0.93 
	-0.52  
	2.05

	Format 2 (no M5)
	-8.43 
	-7.06 
	-5.55 
	-5.05 
	-3.48 
	-2.81 
	-2.02 
	-1.23  
	0.80  
	1.19

	Format 2 (Int)
	-8.80 
	-7.35 
	-5.74 
	-4.79 
	-3.83 
	-2.77 
	-1.97 
	-1.10 
	-0.48  
	0.48

	MSM Format 2
	-8.74 
	-7.88 
	-6.51 
	-6.10 
	-5.70 
	-4.25 
	-3.70 
	-3.01 
	-2.48 
	-1.97

	DFT (SF=5), FDM=2
	-7.89 
	-5.70 
	-3.57 
	-2.85 
	-3.12 
	-1.64 
	-1.01 
	-0.21  
	0.84  
	2.04

	DFT (SF=5)
	-7.14 
	-6.79 
	-5.78 
	-4.90 
	-5.13 
	-3.69 
	-3.05 
	-2.68 
	-2.06 
	-1.48


5.2. SRS Subframe

5.2.1 10MHz, EPA, 3 km/hr

5.2.1.1 SNR for For Pr(ACK bits → NAK bits or DTX) = 10‒2.

	
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	SF=2 Ch Sel
	  
	
	-6.03
	-5.92  
	  
	  
	  
	  
	  
	

	Channel Sel
	-7.05
	-6.61
	-6.29  
	  
	  
	  
	  
	  
	  
	

	Enh Ch Sel
	  
	
	-6.35
	-5.91  
	  
	  
	  
	  
	  
	

	Format 2
	-6.74
	-6.16
	-5.78
	-5.40
	-4.95
	-4.74
	-4.38
	-4.28
	-3.23
	-2.30

	Format 2 (no M5)
	-6.63
	-6.21
	-5.81
	-5.47
	-5.08
	-4.76
	-4.55
	-3.61
	-2.75
	-2.43

	Format 2 (Int)
	-6.68
	-6.29
	-5.80
	-5.41
	-5.15
	-4.79
	-4.48
	-3.86
	-3.51
	-2.67

	MSM Format 2
	-6.65
	-6.21
	-5.91
	-5.50
	-5.28
	-5.02
	-4.82
	-4.46
	-4.25
	-4.08

	DFT (SF=5), FDM=2
	-6.55
	-6.27
	-5.83
	-5.50
	-5.22
	-4.85
	-4.62
	-4.31
	-4.02
	-3.49

	DFT (SF=5)
	-6.71
	-6.25
	-5.84
	-5.55
	-5.29
	-5.01
	-4.87
	-4.58
	-4.42
	-4.19


5.2.1.2 SNR for Pr(NAK or DTX bits → ACK bits) = 10‒3
	
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	SF=2 Ch Sel
	   
	 
	-4.57 
	-4.32   
	   
	   
	   
	   
	   
	

	Channel Sel
	-12.31 
	-6.85 
	-8.04   
	   
	   
	   
	   
	   
	   
	

	Enh Ch Sel
	   
	 
	-6.51 
	-6.16   
	   
	   
	   
	   
	   
	

	Format 2
	-8.30 
	-7.02 
	-5.42 
	-4.76 
	-2.48 
	-2.20 
	-1.60 
	-1.38  
	0.38  
	2.16

	Format 2 (no M5)
	-8.42 
	-7.23 
	-5.35 
	-4.85 
	-3.64 
	-2.76 
	-2.22 
	-0.36  
	1.34  
	1.91

	Format 2 (Int)
	-8.96 
	-7.70 
	-5.81 
	-4.57 
	-4.00 
	-3.16 
	-2.26 
	-0.61  
	0.15  
	1.44

	MSM Format 2
	-8.72 
	-7.71 
	-6.38 
	-6.73 
	-5.66 
	-4.56 
	-3.84 
	-3.05 
	-2.74 
	-2.12

	DFT (SF=5), FDM=2
	-9.33 
	-7.35 
	-5.73 
	-5.63 
	-4.53 
	-3.62 
	-2.94 
	-2.26 
	-1.78 
	-0.52

	DFT (SF=5)
	-9.52 
	-8.06 
	-7.21 
	-6.81 
	-6.14 
	-5.11 
	-4.29 
	-3.82 
	-3.24 
	-2.93


5.2.2 5MHz, ETU, 3 km/hr

5.2.2.1 SNR for Pr(ACK bits → NAK bits or DTX) = 10‒2
	
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	SF=2 Ch Sel
	  
	
	-5.65
	-5.31  
	  
	  
	  
	  
	  
	

	Channel Sel
	-6.76
	-6.13
	-5.93  
	  
	  
	  
	  
	  
	  
	

	Enh Ch Sel
	  
	
	-5.82
	-5.44  
	  
	  
	  
	  
	  
	

	Format 2
	-6.28
	-5.76
	-5.29
	-5.08
	-4.48
	-4.22
	-3.88
	-3.60
	-2.68
	-1.92

	Format 2 (no M5)
	-6.13
	-5.75
	-5.36
	-5.07
	-4.60
	-4.39
	-3.94
	-3.08
	-2.43
	-2.03

	Format 2 (Int)
	-6.20
	-5.72
	-5.41
	-4.95
	-4.69
	-4.33
	-3.91
	-3.44
	-2.96
	-2.11

	MSM Format 2
	-6.18
	-5.72
	-5.42
	-5.12
	-4.74
	-4.53
	-4.21
	-4.06
	-3.83
	-3.63

	DFT (SF=5), FDM=2
	-5.90
	-5.66
	-5.21
	-4.91
	-4.64
	-4.32
	-3.75
	-3.53
	-2.86
	-2.40

	DFT (SF=5)
	-6.02
	-5.71
	-5.40
	-4.98
	-4.82
	-4.60
	-4.29
	-3.88
	-3.74
	-3.60


5.2.2.2 SNR for Pr(NAK or DTX bits → ACK bits) = 10‒3
	
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	SF=2 Ch Sel
	   
	 
	-4.07 
	-3.93   
	   
	   
	   
	   
	   
	

	Channel Sel
	-11.85 
	-6.61 
	-7.32   
	   
	   
	   
	   
	   
	   
	

	Enh Ch Sel
	   
	 
	-6.04 
	-5.92   
	   
	   
	   
	   
	   
	

	Format 2
	-7.46 
	-6.80 
	-5.08 
	-4.57 
	-1.84 
	-1.54 
	-1.10 
	-0.87  
	1.13  
	2.79

	Format 2 (no M5)
	-7.83 
	-7.10 
	-5.10 
	-4.61 
	-3.01 
	-2.37 
	-1.71  
	0.41  
	1.99  
	2.36

	Format 2 (Int)
	-8.55 
	-7.24 
	-5.42 
	-4.01 
	-3.26 
	-2.66 
	-1.54  
	0.02  
	0.39  
	2.10

	MSM Format 2
	-8.34 
	-7.10 
	-6.42 
	-5.90 
	-5.35 
	-4.21 
	-3.28 
	-2.88 
	-2.12 
	-1.64

	DFT (SF=5), FDM=2
	-7.16 
	-5.32 
	-2.78 
	-2.98 
	-2.35 
	-1.25 
	-0.67 
	-0.02  
	1.07  
	2.60

	DFT (SF=5)
	-6.88 
	-6.84 
	-5.53 
	-4.95 
	-5.04 
	-3.65 
	-2.83 
	-2.41 
	-1.78 
	-1.17


5.2.3 5MHz, ETU, 120 km/hr

5.2.3.1 SNR for Pr(ACK bits → NAK bits or DTX) = 10‒2
	
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	SF=2 Ch Sel
	  
	
	-5.44
	-5.18  
	  
	  
	  
	  
	  
	

	Channel Sel
	-6.60
	-6.06
	-5.74  
	  
	  
	  
	  
	  
	  
	

	Enh Ch Sel
	  
	
	-5.76
	-5.46  
	  
	  
	  
	  
	  
	

	Format 2
	-6.12
	-5.70
	-5.34
	-4.97
	-4.35
	-4.23
	-3.90
	-3.42
	-2.65
	-1.70

	Format 2 (no M5)
	-6.14
	-5.74
	-5.30
	-4.98
	-4.60
	-4.28
	-3.84
	-3.17
	-2.18
	-1.53

	Format 2 (Int)
	-6.24
	-5.73
	-5.34
	-4.87
	-4.66
	-4.24
	-3.78
	-3.04
	-2.77
	-2.17

	MSM Format 2
	-6.07
	-5.69
	-5.36
	-5.04
	-4.83
	-4.48
	-4.20
	-3.95
	-3.65
	-3.53

	DFT (SF=5), FDM=2
	-5.92
	-5.62
	-5.31
	-4.84
	-4.53
	-4.15
	-3.65
	-3.34
	-2.93
	-2.23

	DFT (SF=5)
	-5.97
	-5.66
	-5.41
	-4.98
	-4.72
	-4.44
	-4.19
	-3.89
	-3.68
	-3.40


5.2.3.2 SNR for Pr(NAK or DTX bits → ACK bits) = 10‒3
	
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	SF=2 Ch Sel
	   
	 
	-3.30 
	-2.98   
	   
	   
	   
	   
	   
	

	Channel Sel
	-11.76 
	-6.54 
	-7.62   
	   
	   
	   
	   
	   
	   
	

	Enh Ch Sel
	   
	 
	-6.05 
	-5.82   
	   
	   
	   
	   
	   
	

	Format 2
	-7.60 
	-6.37 
	-4.82 
	-4.26 
	-1.72 
	-1.12 
	-0.64 
	-0.40  
	1.31  
	3.15

	Format 2 (no M5)
	-7.56 
	-6.58 
	-4.89 
	-4.43 
	-2.82 
	-2.11 
	-1.49  
	0.79  
	2.57  
	2.69

	Format 2 (Int)
	-8.10 
	-7.07 
	-5.15 
	-3.97 
	-3.22 
	-2.16 
	-1.51  
	0.45  
	1.58  
	2.80

	MSM Format 2
	-7.89 
	-7.45 
	-5.79 
	-5.17 
	-5.01 
	-3.77 
	-3.24 
	-2.41 
	-1.84 
	-1.37

	DFT (SF=5), FDM=2
	-7.31 
	-5.19 
	-2.84 
	-2.64 
	-2.50 
	-1.42 
	-0.71  
	0.08  
	1.07  
	2.82

	DFT (SF=5)
	-6.36 
	-6.74 
	-5.25 
	-4.69 
	-4.84 
	-3.42 
	-2.59 
	-2.29 
	-1.78 
	-1.29


5.3. Detailed Link Performance Plots for 10MHz, EPA 3km/hr, SRS Frames

In the following figures,

· 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.
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� Note that, for Reed-Muller codewords in Format 2 and DFT-S-OFDM schemes, fast Hadamard transform (FHT) can be adopted to reduce decoding complexity by a factor of 10 � REF _Ref264626289 \r \h ��[6]�.
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