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1 Introduction

In this paper we analyze if new PUCCH BS performance requirements have to be developed for 3 DL carriers and 6 AN bits as outlined in [1].
2 Discussion

The current specification has requirements for:

· PUCCH format 3 for 4AN bits: applicable for FDD and TDD and 16AN bits : applicable for TDD
· PUCCH format 3 NACK to ACK for 16 AN bits applicable for TDD.

3 DL carrier and MIMO would require 6 AN bits. The question to answer is if we need to develop new requirements for 6 AN bits or if we can reuse these for 4 AN bits?

The ACK missed performance will not be that much different when we compare 4 AN bits to 6 AN bits. This can be shown using the power control for PUCCH Format 3 from TS 36.213, in 5.1.2.1
UE behavior: 
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. If we enter nHARQ = 4 bits we get h(4)=(4+0-1)/2 dBm = 3/2 dBm = 1.5 dBm and for nHARQ =6 bits we get h(6)=(6+0-1)/2 dBm = 5/2 dBm = 2.5 dBm and the difference becomes h(6)-h(4) = 2.5 – 1. 5 = 1.0 dBm.
However is pointed out in [1] we do not know if it is ACK missed or NACK to ACK which limits performance. For 4 AN bits we know ACK missed is limiting, but that might not be the case for 6 AN bits.

3 Simulation and analysis
We have performed an ideal simulation in order to verify the ACK missed analysis above and, more importantly, find the limiting metric for 6 AN bits.
The simulation assumptions correspond to the ones listed in TR 36.808, annex B [2] used for PUCCH 1b CS and PUCCH format 3 in release 10. We present the performance difference results as  this is the focus of the discussion.
The results in table 1 confirm the theoretical analysis concerning ACK missed.  The difference between 6AN and 4 AN is < 0.5 dB. 

The results in table 2 show that NACK->ACK is the limiting metric by a margin of 0.2 to 0.5 dB for 6 AN bits.
The results in table 3 confirm that ACK missed is the limiting metric (except one point EVA 70, 20 MHz, 2 antennas) for 4 AN bits. This is why we only have ACK missed for 4 bits in TS 36.104 today.
The results in table 4 show that ACK missed 4 AN requirement is 1.2-0.6 dB better than the limiting NACK->ACK metric for 6 AN bits. Existing 4 bit requirements would be 1.2 to 0.6 dB too good compared to actual limiting metric at 6 AN bits.
	Number of Tx antennas
	Number of RX antennas
	Cyclic Prefix
	Propagation Conditions and correlation matrix (Annex B)
	Channel Bandwidth / SNR [dB]

	
	
	
	
	1.4MHz
	3MHz
	5MHz
	10 MHz
	15MHz
	20MHz

	 
	2
	Normal
	EPA 5 Low
	-
	-
	-
	0.46
	0.48
	0.45

	1
	
	
	EVA70 Low
	-
	-
	-
	0.47
	0.45
	0.43

	 
	4
	Normal
	EPA 5 Low
	-
	-
	-
	0.38
	0.46
	0.42

	 
	
	
	EVA70 Low
	-
	-
	-
	0.44
	0.49
	0.46


Table 1: ACK missed 6AN - ACK missed 4AN
	Number of Tx antennas

	Number of RX antennas

	Cyclic Prefix

	Propagation Conditions and correlation matrix (Annex B)

	Channel Bandwidth / SNR [dB]


					1.4MHz

	3MHz

	5MHz

	10 MHz

	15MHz

	20MHz


	 

	2

	Normal

	EPA 5 Low

	-

	-

	-

	0.48

	0.31

	0.23


	1

			EVA70 Low

	-

	-

	-

	0.41

	0.57

	0.76


	 

	4

	Normal

	EPA 5 Low

	-

	-

	-

	0.49

	0.28

	0.20


	 

			EVA70 Low

	-

	-

	-

	0.35

	0.25

	0.37



	
	
	
	
	
	
	


Table 2: (NACK->ACK 6 AN) - (ACK missed 6AN)
	Number of Tx antennas

Number of RX antennas

Cyclic Prefix

Propagation Conditions and correlation matrix (Annex B)

Channel Bandwidth / SNR [dB]

1.4MHz

3MHz

5MHz

10 MHz

15MHz

20MHz

 

2

Normal

EPA 5 Low

-

-

-

-0.13

-0.14

-0.19

1

EVA70 Low

-

-

-

-0.08

-0.20

0.11

 

4

Normal

EPA 5 Low

-

-

-

-0.10

-0.21

-0.27

 

EVA70 Low

-

-

-

-0.09

-0.02

-0.07


	
	
	
	
	
	


Table 3: (NACK->ACK 4 AN) - (ACK missed 4AN)
	Number of Tx antennas

	Number of RX antennas

	Cyclic Prefix

	Propagation Conditions and correlation matrix (Annex B)

	Channel Bandwidth / SNR [dB]


					1.4MHz

	3MHz

	5MHz

	10 MHz

	15MHz

	20MHz


	 

	2

	Normal

	EPA 5 Low

	-

	-

	-

	0.94

	0.79

	0.68


	1

			EVA70 Low

	-

	-

	-

	0.88

	1.03

	1.19


	 

	4

	Normal

	EPA 5 Low

	-

	-

	-

	0.87

	0.74

	0.63


	 

			EVA70 Low

	-

	-

	-

	0.80

	0.74

	0.83



	
	
	
	
	
	
	


Table 4: (NACK->ACK 6 AN) - (ACK missed 4AN)
4 Conclusion


Based on the results we propose not to develop requirements for 6 AN bits. The current requirements for 4 bits are within 1.2-0.6 from requirements for 6 AN bits. That is within alignment uncertainty of ±1 dB when developing performance requirements, for instance.
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