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1. Introduction

The range and representation of the transport format, or PUCCH format, dependent term delta_TF_PUCCH in the uplink power control formula for PUCCH is not fully specified. The current status of the relevant specifications is quoted in Appendix A. This paper proposes such PUCCH format ranges and representations. This is based on link performance and expected target error rates of the different formats.
2. Link Performance of the PUCCH Formats
Link performance in terms of error rates v SNR for the different PUCCH formats are presented in Figures 1-X. The SNR requirement for a certain error rate, selected to be reasonably acceptable, is listed in Table 1. An ETU channel with 70Hz Doppler, 10MHz bandwidth, normal cyclic prefix, and a 1x2 antenna configuration are assumed. Similar relative differences are expected under other assumptions. To cover the yet existent differences due to such variations, as well as differences in targeted error rates, a range of [-2, 0, +2]dB around the required SNR is proposed. Assuming that two bits are used per format, one spare value is kept for the event that the proposed range turns out inadequate for some scenario. Note that there is a fixed offset of 3dB between format 1a and format 1b. There is also a common offset for format 2, parameterized with the number of CQI bits. Values for formats 2a and 2b are TBD.
3. Proposal
It is proposed to: 
1) Define delta_TF_PUCCH according to Table 1. Note that the reference PUCCH format is format 1a (1-bit A/N).  
2) Define default values to be used before or in absence of RRC configured values is the second value in the range (i.e. the differences in link performance presented here). 
Table 1. Proposed delta_TF_PUCCH ranges.

	PUCCH format
	Content
	Assumed error requirement
	Required SINR
(ETU 1x2)
	Proposed range for delta_TF_PUCCH

Default values in bold

	1
	SR
	P(miss) = 0.01
	-6dB
	0dB + [-2, 0, +2, spare]

	1a
	1-bit A/N
	P(miss) = 0.01
P(DTX->ACK) = 0.01
	-6dB
	0dB (reference)

	1b
	2-bit A/N
	P(miss) = 0.01

P(DTX->ACK) = 0.01
	-3dB
	3dB + [-2, 0, +2, spare]

	2
	CQI (n bit)
	P(block error) = 0.01
	-6dB + 10·log10(n/4)
	10·log10(n/4)dB + 
[-2, 0, +2, spare]

	2a
	CQI + 1-bit A/N
	--
	--
	TBD db + [-2, 0, +2, spare]

	2b
	CQI + 2-bit A/N
	--
	--
	TBD db + [-2, 0, +2, spare]
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Figure 1. Error probability v SNR for PUCCH format 1 (Scheduling request).


[image: image2]
Figure 2. Error probability v SNR for PUCCH format 1a (1 bit ACK/NACK).
[image: image3.emf]CQI ETU5 1x2, 1 or 6 Ues, 4 or 11 bits

1E-03

1E-02

1E-01

1E+00

-10 -8 -6 -4 -2 0 2

SNR

Pe

etu5_ml1_1_11 

etu5_ml1_1_4 

etu5_ml1_6_11 

etu5_ml1_6_4 


Figure 3. Error probability  v SNR for PUCCH format 2 (UCI CQI), 4 and 11 bits.

A. Current Status of the Specifications 

From 36.213 (v8.2.0):

“The setting of the UE Transmit power
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for the physical uplink control channel (PUCCH) transmission in subframe i is defined by
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table entries for each PUCCH transport format (TF ) defined in Table 5.4-1 in [3] are given by RRC 

· Each signalled 
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2-bit value corresponds to a TF relative to PUCCH DCI format 0.”
Note that here DCI format 0 should be replaced by PUCCH format 1b. Also, for PUCCH format 2, delta_TF_PUCCH should depend on the UCI format.
From 36.211 (v8.2.0):
“The physical uplink control channel supports multiple formats as shown in Table 5.4-1. Formats 2a and 2b are supported for normal cyclic prefix only.”
Table 5.4-1: Supported PUCCH formats.

	PUCCH format
	Modulation scheme
	Number of bits per subframe, 
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	1
	N/A
	N/A

	1a
	BPSK
	1

	1b
	QPSK
	2

	2
	QPSK
	20

	2a
	QPSK+BPSK
	21

	2b
	QPSK+QPSK
	22
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Pr(DTX->ACK)=0.1, 1UE AWGN

Pr(DTX->ACK)=0.1, 1UE, ETU@70Hz

Pr(DTX->ACK)=0.1, 2UE, ETU@70Hz

Pr(DTX->ACK)=0.1, 4UE, ETU@70Hz

Pr(DTX->ACK)=0.01, 1UE AWGN

Pr(DTX->ACK)=0.01, 1UE, ETU@70Hz

Pr(DTX->ACK)=0.01, 2UE, ETU@70Hz

Pr(DTX->ACK)=0.01, 4UE, ETU@70Hz
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