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1. Introduction

This contribution evaluates the need for repetition of ACK/NACK on the PUCCH.  Based on comparative link-level analysis with other uplink channels, it is seen that there is no need to repeat the ACK/NACK on the PUCCH.  It should be noted that the observations drawn here are consistent with recent RAN4 minimum performance requirements for various uplink channels [8].
2. ACK/NACK Repetition on PUCCH
For dynamically scheduled UEs, the ACK/NACK resource indicator is implicitly tied to the lowest CCE index used to form the PDCCH.  For persistently scheduled UEs, explicit assignment of the ACK/NACK resource indicator is used.  If ACK/NACK repetition is to be supported, the following approaches can be used –
· Explicit assignment of the ACK/NACK resource indicator and repetition factor on the PDCCH.  However, this will increase the size of the downlink assignment grant and is not preferred.
· Implicit association with a few CCE indices.  UEs requiring ACK/NACK repetition may also require 8 CCEs to receive the PDCCH successfully.  Since the CCEs follow a tree structure, there will be only a few configurations where this is possible.  For example, with 16 available CCEs, CCE#0 and CCE#7 can be associated with repeated ACK/NACK. As a result, when 8 CCEs are used, then the UE will automatically repeat the ACK/NACK in the uplink.  Note that resource associated with the repeated ACK/NACK may either be reserved or the eNB will need to avoid collision through appropriate CCE assignment. 

· Resources for ACK/NACK with repetition (e.g. resource indicator, repetition factor, time slot or period) are fixed and semi-statically assigned to coverage-limited UEs using higher-layer signaling.  The eNB then manages the scheduled UEs such that there is no ACK/NACK resource contention among the coverage-limited UEs. 
· A few (e.g. one or two) ACK/NACK resource indicators with repetition are reserved.  eNB indicates to the UEs via the PDCCH (e.g. 1-bit field) whether to use these acknowledgments.
· TDM of ACK/NACK resource type by sub-frames [6].  For example, all UEs scheduled in sub-frame #0 use a repetition factor of 2.
3. ACK/NACK Repetition
To analyze the need for ACK/NACK repetition, it is important to first determine the power needed to support the ACK/NACK based on agreed performance requirements.   Currently, the following performance requirements have been agreed: ACK → NACK error of 1e-2, DTX → ACK error of 1e-2 to 1e-1, and NACK → ACK error of 1e-3.  Figure 1 illustrates performance of the 1-bit ACK/NACK where it is seen that an SNR of approximately -8 dB is required to satisfy these requirements.  Note that the results shown in Figure 1 are for the 1.4MHz bandwidth which is expected to be the worse case due to limited frequency selectivity.  Although 2-bit ACK/NACK is also supported for SU-MIMO, this analysis is for coverage-limited UEs which will not benefit from SU-MIMO.
At the ACK/NACK operating SNR of -8 dB for 1 RB transmission, the following transmission can be supported for the other uplink channels:

· Repeated preamble burst format (2×800 s) is needed for PRACH: For the RACH, total received preamble energy per sequence of approximately 18 dB is required to meet missed detection and false alarm probabilities of less than 1% [1].  This assumes only one Zadoff-Chu root sequence is used in the cell, which provides a supportable cell radius of 0.78 km.  For larger cells, multiple root sequences are needed which will degrade performance further.  At -8 dB SNR for 1 RB, equivalent to -15.8 dB if the total power is spread over the RACH bandwidth, it is seen that the repeated preamble burst format (2×800 s) is needed.
· Wideband CQI (5-bit) requires repetition factor of 2: An example of CQI performance is shown in Figure 2.  In this case, punctured (32,10) Reed-Muller code as described in [2] was used. At the 1% error rate, an SNR of approximately -6 dB is required.  Thus, repetition of the CQI is required in order for it to be successfully received at -8 dB.
· Effective throughput of less than 10 kbps on the PUSCH: Figure 3 shows the effective throughput for the uplink with H-ARQ (IR) and channel estimation for 1 RB assignment with intra-TTI hopping [3].  It is seen that at -8 dB SNR, effective throughput of less than 10 kbps can be supported.  While this may be sufficient for transmission for TCP ACK to support DL-only data transmission, it is not enough to support VoIP service with 12.2 kbps AMR.
· Uplink cell area coverage is greater than 98%: At -8 dB SNR for 1 RB, uplink cell area coverage is greater than 98% based on Case 3 system parameters.  This is illustrated in Figure 4 where the uplink SNR distribution for full bandwidth transmission (10 MHz) using full power is shown.  When scaled to 10 MHz, the ACK/NACK operating SNR corresponds to -25 dB which provides greater than 98% cell area coverage even when an averaged IoT level of 3 dB is taken into account [4].  On the downlink, the BCH is designed only for 95-98% cell coverage, so UEs that require ACK/NACK repetition may not be able to receive the BCH.

Table 1 summarizes the main points from the above analysis.
Table 1.  Uplink analysis at ACK/NACK operating SNR (no repetition).
	RACH
	CQI
	PUSCH
	Cell Coverage

	Preamble repetition (2×800 s) is required
	Repetition is required to support 5-bit (wideband) CQI 
	Effective throughput of less than 10 kbps
	> 98% on the uplink, may not be able to decode the downlink BCH


Based on the analysis shown above, it is clear that there is no need to support repetition of the ACK/NACK on the PUCCH.
4. Minimum Performance Requirements
Presently, RAN4 is defining the minimum performance requirements for various uplink channels based on simulation results including implementation margin submitted by participating companies.  From the latest results available in [8] and summarized in Table 2, it is seen that the observations drawn in the previous section are well supported by simulation results from various companies.
Table 2.  Comparison of minimum SNR requirements from RAN4.

	Configuration
	Minimum SNR Requirement
	Note

	PUCCH ACK missed detection,    ETU 300 
	-5.1 dB
	

	PRACH, AWGN, 0 Hz frequency offset, Burst Format 2
	-15.6 dB
	-7.8 dB when scaled to 1 RB

	PRACH, ETU 70, 270 Hz frequency offset, Burst Format 2
	-7.9 dB
	-0.2 dB when scaled to 1 RB

	PUSCH (1RB, QPSK, R=1/3),      ETU 70, 30% throughput point
	-2.4 dB
	-2.4 dB for throughput of ~30 kbps


Note that the results shown in Table 2 are for 1.4MHz system bandwidth with 2 Rx antennas. This is because PRACH minimum requirements are only defined for 1.4 MHz system bandwidth.  Although results for 4 Rx antennas are available, they are not shown here since the same observations may be drawn.
5. Conclusions
Based on comparative link-level 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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Figure 1.  ACK/NACK performance, non-ideal channel estimation, ETU (1.4 MHz).
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Figure 2.  CQI performance, non-ideal channel estimation, TU 3 km/h.
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Figure 3. Throughput as a function of the SNR for different channel models with IR HARQ and non-ideal channel estimation.
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Figure 4. Uplink SNR distribution for full bandwidth transmission using full power.
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