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Introduction
In the RAN WG1 meeting #52 in Sorrento the need for repetition of ACK/NACK on the PUCCH was discussed. Inspire of the long debate no conclusion was reached. However, different companies were encouraged to perform further analysis to serve as a basis for a decision making.

Whether or not the ACK/NACK repetition on PUCCH is necessary depends on the balance between link budgets of all UL channels. In order to justify ACK/NACK repetition on PUCCH it needs to be clear that ACK/NACK transmission on PUCCH in fact limits the UL coverage. In this contribution we provide a detailed link budget comparison between the UL channels: PUCCH, PUSCH and PRACH. 

1. Simulation assumptions
In order to verify which of the UL channels limits the UL coverage of LTE, link simulations were performed. The main simulation parameters and assumptions are: 

· Results are based on link simulations  with realistic channel estimation algorithms

· TU 3 km/h, 5 MHz system bandwidth (results are about same even 1.4 MHz TU, because low coherence BW (180kHz )

· TTI based frequency hopping is assumed, when beneficial

· The RACH preamble is simulated with and without repetition 

· In ACK/NACK and CQI simulations the SIMO UE is assumed because this analysis is for coverage-limited UEs which will not benefit from SU-MIMO.

2. Simulation results
The link budget and parameters are shown in Table 1. The quality targets, when available, are based on [1]. In RACH message 3, the number of HARQ re-transmissions is limited to 3 in order to get sufficient delay performance.  Finally, the coverage area in case 3 based on SNR distribution and 3 dB interference margin is shown in last line. 
Table 1. Link budget comparison between different UL channels.
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PUSCH:

  Voip 12.2 kbit/s
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Mess.3 80 bits
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PUCCH 
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5 Bit 
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Critery 

Voip Packet Residual BLER 2 %
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1

1

1
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[dBm]

24
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360

360

360
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[dB]
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2

2

2
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2
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3

3
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3
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[dB]
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-6.0
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-11.3

-13.6

-7.1

-8.4

-6.9

Receiver Sensitivity

[dBm]

-117.6

-119.4
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-124.5
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-124.8
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Coverage Area in CASE 3

[%]

84

88

93
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3. Conclusions
In this contribution we have presented a detailed link level comparison between different UL channels. From the results following conclusions can be drawn:
· RACH preamble repetition is required for optimized coverage. Even with repetition the coverage of RACH does not exceed the coverage of PUCCH
· The coverage of RACH message 3 sets the limits to overall LTE UL coverage. Secondly, the coverage is limited by A/N transmitted in PUSCH and the RACH preamble
· PUCCH does not limit the UL coverage. Hence the introduction of ACK/NACK repetition on PUCCH has no impact on VoIP coverage in LTE  
· In order to optimize VoIP coverage TTI bundling on PUSCH is needed.
The introduction of ACK/NACK repetition would have a major impact on several aspects of the LTE specifications such as PUCCH channelization and require a lot of extra work causing potential delays to the specification completion. From the eNodeB implementation point of view ACK/NACK repetition would introduce additional scheduling restrictions.   

Based on the link budget analysis we propose not to support ACK/NACK repetition in LTE release 8 as it does not increase the UL VoIP coverage. In order to increase UL coverage, the coverage problems related to RACH message 3, RACH preamble and ACK/NACK transmitted on PUSCH should be resolved first. 
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