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1. Introduction

Control channel coverage is of high importance for E-UTRA. It is desirable to have a balanced link budget without individual channels forming significant bottlenecks.

This paper discusses the need for ACK/NACK repetition to reach the above objective of a balanced link budget. In more detail, the link budget of single bit ACK/NACK is compared to that of the PRACH. It is seen that to match the link budget of the PRACH, ACK/NACK repetition is needed.

2. Link Performance

Link performance for PUCCH and PRACH is currently being discussed in RAN4. The current status is as follows (results without implementation margin) [2-7]:

The PRACH reaches a miss-detection rate of 1% for preamble format 2 at an SNR of about -12.3dB (see Figure 3). In RAN4, results have so far been compared across vendors for a misdetection rate of 0.1% (old assumption). These are similar to the ones used here.
For the one-bit ACK/NACK on the PUCCH, the most demanding requirement is ACK-to-NACK probability of 1%. Without ACK/NACK repetition this is reached at an SNR of -7.1dB (average of RAN4 results).    

3. Link Budgets
The cell-edge SINR achieved on the PRACH and on the PUCCH depend on a number of parameters including Inter-Site Distance (ISD), propagation models, system load, and power control parameters. Figure 1 shows simulated such values for increasing ISDs (500-4000m), in scenarios otherwise based on ‘simulations cases’ 1 and 3 in 25.814 ‎[1]. Each ISD is represented with the ‘coupling loss’ at the cell-edge (Lce, measured at the 95th percentile). Coupling loss (L) is here defined as L = L1m + 10·a·log10(d) – Gant, where Gant = 14dB (max), L1m=35.5dB, and a=3.67. Open-loop power control with parameters selected to maximize the cell-edge SINR for simulation case 3 (1732m ISD) is used.  SNR targets of -3dB and 1.0 are used for the PRACH and PUCCH respectively.
For the PRACH, it is seen that a cell-edge SINR of -12.3dB is reached for a cell-edge coupling loss of about 144dB. This is almost independent of the utilization (a utilization of 1 here represents an average of one interfering UE per cell). 

For the PUCCH one-bit ACK/NACK, assuming a utilization of 20% (0.2·18=3.6 user per cell in average), it is seen that a cell-edge loss coupling loss of 140dB is supported. This is 4dB lower than for the PRACH, and would hence limit the overall link budget. To balance the link budgets ACK/NACK repetition is required.
4. Conclusion

It is proposed to support ACK/NACK repetition. 
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Figure 1. Cell-edge SINR versus pathloss for PRACH. 
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Figure 2. Cell-edge SINR versus pathloss for PUCCH. 
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Figure 3. Example of miss-detection rate as a function of SNR for PRACH. 

