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1. Introduction

This contribution provides coverage and performance analysis for various uplink channels.  From the link budget, it is seen that ACK/NACK repetition is not necessary as uplink coverage is limited by either the PUSCH (even with 4-TTI bundling) or the PRACH (even with preamble repetition). 
2. Uplink Channel SNR Requirements
The SNR requirements for various uplink channels are shown in Table 1 where the values were taken from [1]-[3].  Note that these link-level results are generally similar to results presented by other companies in both RAN1 and RAN4 (see, for example, [4]-[7]).  
Table 1.  SNR requirements for various uplink channels.

	Channel
	PRACH

P(FA) = 1%
	PUCCH

P(FA) = 1%
	PUCCH

1% BLER
	PUSCH

VoIP 

	
	Format 0
	Format 2
	1-bit A/N
	4-bit CQI
	1 TTI
	4 TTI

	Required SNR (dB)
	-10.6
	-12.3
	-7.1
	-6.5
	-4.2
	-8.0


3. Link Budget
Using link-level results from Table 1, link budget for the various channels is shown in Table 2.  Note that the link budget assumes the same interference margin for all uplink channels.  Under this assumption, the following conclusions may be drawn –
· Uplink coverage is limited by the PUSCH and PRACH: Without TTI bundling, uplink coverage is clearly limited by the PUSCH.  In this case, the maximum allowable path loss for the PUSCH is 128 dB while for the ACK/NACK it is 133 dB.  With TTI bundling, the allowable path loss for the PUSCH is 131 dB, which is still 2 dB less than ACK/NACK coverage.  Similarly, the PRACH coverage is also less than the ACK/NACK coverage.
· PRACH coverage with preamble repetition is less than ACK/NACK: From the link budget, PRACH coverage with preamble repetition (PRACH Format 2) is short of 1-bit ACK/NACK coverage by approximately 2.6 dB. 
From the link budget analysis, it is seen that 1-bit ACK/NACK transmissions on PUCCH enjoys a coverage advantage (or margin) of 2.1 dB over the PUSCH with 4-TTI bundling and 2.6 dB over the PRACH with preamble repetition, respectively.   
As discussed in [4], several impairments such as inter-channel interference and SINR measurement error can degrade ACK/NACK performance by about 1.5 dB when 6 UEs are multiplexed together.  This degradation is of course only a significant problem for cell-edge users.  Since these users will in general require 8 CCEs on the PDCCH, it is unlikely that there will be a large number of multiplexed ACK/NACKs in the same uplink subframe or resource block even if semi-persistent scheduling is considered.  In addition, this inter-channel interference may be managed by the eNB through intelligent scheduling.  However, even if this degradation is included, uplink coverage is still not limited by the ACK/NACK due to the considerable margin over the PUSCH and PRACH.  
A potential discussion point is the interference margin observed over various uplink channels.  As shown in Table 2, an additional interference margin of 2.1-2.6 dB can be allowed on the PUCCH without affecting uplink coverage.  For coverage sites, interference is not likely to be an issue and therefore the PUCCH should not experience significantly more interference than other uplink channels. For capacity sites, random access preamble repetition will in general not be used and the PRACH will become the limiting uplink channel.  Even if preamble repetition is allowed in capacity sites, the interference margin on the PUCCH can also be managed by the eNB through intelligent scheduling so that they are inline with other uplink channels.  Also, the PRACHs from various eNB’s are generally not aligned in time or frequency, and therefore the interference margin observed on the PRACH should be similar to that of the PUSCH.
Table 2.  Link budget for various uplink channels.
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PUCCH

Format 0

Format 2

1-bit A/N

4-bit CQI

1 TTI

4 TTI

UE EIRP

Power (dBm)

23

23

23

23

23

23

Tx Antenna Gain (dBi)

-2.0

-2.0

-2.0

-2.0

-2.0

-2.0

EIRP (dBm)

21.0

21.0

21.0

21.0

21.0

21.0

Base Station Sensitivity

Antenna Gain

17.0

17.0

17.0

17.0

17.0

17.0

Transmission Line Loss (dB)

3.0

3.0

3.0

3.0

3.0

3.0

Diversity Gain (dB)

3.0

3.0

3.0

3.0

3.0

3.0

BS Noise Figure (dB)

5.0

5.0

5.0

5.0

5.0

5.0

Thermal Noise (kT) (dBm/Hz)

-174.0

-174.0

-174.0

-174.0

-174.0

-174.0

Bandwidth (KHz)

1080

1080

180

180

360

360

Required SNR(dB)

-10.6

-12.3

-7.1

-6.5

-4.2

-8.0

Base Station Sensitivity

-136.2

-137.9

-140.5

-139.9

-134.6

-138.4

Margins

Lognormal Fade Margin

4.9

4.9

4.9

4.9

4.9

4.9

Interference Margin

3.0

3.0

3.0

3.0

3.0

3.0

Penetration Loss

18.0

18.0

18.0

18.0

18.0

18.0

MS Body Loss

2.0

2.0

2.0

2.0

2.0

2.0

Total System Margin

27.9

27.9

27.9

27.9

27.9

27.9

Maximum allowable Path Loss

129.3

131.0

133.6

133.0

127.7

131.5

PRACH

PUSCH

Uplink Channel


4. Conclusion
Based on comparative link budget analysis with other uplink channels, it is seen that there is no need to repeat the ACK/NACK on the PUCCH.
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