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1
Introduction
In RAN1 #50 held in Athens, many assumptions related to control signalling on PUSCH were agreed [1]

· Data and the different control fields (ACK/NAK, CQI/PMI) are mapped to separate modulation symbols
· Different coding rates for control is achieved by occupying different number of symbols

· The coding rate to use for the control signalling is given by the PUSCH MCS. The relation is expressed in a table.

· A table links each PUSCH MCS with a given coding rate for control signalling, i.e, the number of symbols to use for an ACK/NAK or a certain CQI/PMI size.

This contribution discusses linkage between PUSCH MCS and amount of resources for ACK/NACK on PUSCH in more details. We provide some link simulation results to show how ACK/NACK space should be dimensioned in FDD mode of LTE UL.
2
Number of symbols needed to meet the target A/N BER on PUSCH
Figure 1 shows the number of A/N symbols per slot needed to meet the ACK/NACK BER of 0.1% for 1-bit ACK/NACK (per slot). The corresponding result for two-bit ACK/NACK is obtained by scaling the curves presented in Figure 1 by 3-dB. Simulations are carried out in TU channel, v=3 km/h. The complete link results including simulation assumptions are given in APPENDIX 1. 
Figure 1 shows that with the given SNR value, the number of symbols needed to meet the ACK/NACK BER of 0.1% decreases as the PUSCH bandwidth increases. The main reason for this is that frequency diversity increases with the increased bandwidth (of course depending on the channel coherence bandwidth). Figure 1 also shows that there is a hard limit in ACK/NACK coverage with the smallest bandwidth options as no more than two blocks/slot can be used for ACK/NACK [3]. 
It should be noted that given results assume that there is one bit included in the UL scheduling grant (which is sent in DL) to inform whether the corresponding DL scheduling grant was transmitted or not [2]. This means that symbol space of ACK/NACK does not need to be dimensioned according to DTX-to-ACK issue Results are not valid any more if DTX-to-ACK requirement must be guaranteed w/o explicit DL signalling (such as detection threshold).
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Figure 1. Number of A/N symbols per slot required to meet A/N BER of 0.1%, 1 A/N bit/slot.
3
Linkage between data MCS and the amount of resources needed for PUSCH

Table 1 and Table 2 show the exact number of symbols per slot needed to signal 1-bit ACK/NACK and 2-bit ACK/NACK on PUSCH having different modulation and coding schemes (MCS) in use. Red colour indicates that ACK/NACK coverage cannot be guaranteed for the given MCS. 

Throughput curves presented in APPENDIX 2 have been simulated for every MCS. SNR range for a certain MCS is based on the throughput area in which the given MCS maximizes the throughput. ACK/NACK space is dimensioned according to the minimum SNR on that area. SNR of -10 dB is assumed  for  the lowest MCS (QPSK  1/10). It would be possible to have additional X dB safety margin when dimensioning the ACK/NACK space for different MCS. However, no margin has been used in the given results.
Certain observations can be made based on results presented in Table 1 and Table 2:
· Some adaptivity for the ACK/NACK symbol space is needed in any case. This is due to the fact that there is a clear bandwidth dependency on the needed ACK/NACK resource size. On the other hand, the needed ACK/NACK symbol space varies according to the frequency selectivity of the radio channel, HARQ operation point, dynamic vs. persistent allocation etc.   

· There is no PAR/CM issue related to ACK/NACK in the case when PUSCH data channel utilizes higher order modulation (16QAM, 64QAM). This is due to the fact that the number of ACK/NACK symbols/slot is extremely  small in that case (1-2 in most cases). 

An important issue is that if no information about the presence of ACK/NACK is available, then the number of ACK/NACK symbols needed must be heavily over dimensioned. As discussed in [2] at least 12 ACK/NACK symbols per slot is needed if DTX-to-ACK is kept at acceptable level (1%).
Table 1. Linkage between data MCS and the amount of resources needed for PUSCH, 1 ACK/NACK bit
[image: image2.emf]Bandwidth allocation (# of symbols/slot)

MCS 2RBs 6 RBs 10 RBs 25 RBs

QPSK 1/10 48 68 44 30

QPSK 1/6 48 32 16 11

QPSK 1/4 36 11 8 6

QPSK 1/3 24 10 6 5

QPSK 1/2 7 4 3 3

QPSK 2/3 3 2 2 2

QPSK 3/4 2 2 2 2

16QAM 1/2 2 1 1 1

16QAM 2/3 1 1 1 1

16QAM 3/4 1 1 1 1

16QAM 5/6 1 1 1 1

64QAM 2/3 1 1 1 1

64QAM 3/4 1 1 1 1

64QAM 5/6 1 1 1 1


Table 2. Linkage between data MCS and the amount of resources needed for PUSCH, 2 ACK/NACK bits
[image: image3.emf]Bandwidth allocation (# of symbols/slot)

MCS 2RBs 6 RBs 10 RBs 25 RBs

QPSK 1/10 48 144 158 81

QPSK 1/6 48 120 39 26

QPSK 1/4 48 30 17 14

QPSK 1/3 48 25 13 10

QPSK 1/2 18 8 6 6

QPSK 2/3 7 4 4 3

QPSK 3/4 4 3 3 2

16QAM 1/2 3 2 2 2

16QAM 2/3 2 1 1 1

16QAM 3/4 1 1 1 1

16QAM 5/6 1 1 1 1

64QAM 2/3 1 1 1 1

64QAM 3/4 1 1 1 1

64QAM 5/6 1 1 1 1


4
Conclusions
In this contribution we have presented detailed simulation results  in order to help dimensioning of ACK/NACK resource space on PUCSH.
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APPENDIX 1
Complete link simulation results are presented in this section. Simulation assumptions are summarized below:
· Results are based on realistic channel estimation algorithms

· TU channel, 3 km/h 
· TTI based frequency hopping is not applied in this simulation
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Figure 2. ACK/NACK performance with different number of symbols allocated to ACK/NACK on PUSCH, TU channel, 3 km/h.
APPENDIX 2

Throughput curves for  link simulation results are presented in this section. Simulation assumptions are summarized below:
· Results are based on realistic channel estimation algorithms

· TU channel, 3 km/h is used 

· HARQ with 8 sub-channels is used
· TTI based frequency hopping is not applied in this simulation
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Figure 3. Goodput with HARQ, 8 HARQ sub-channels, TU channel, v=3 km/h.
