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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.

In RAN1 #52bis, some further details were agreed [2]:
· CQI/PMI on PUSCH uses the same modulation scheme as data on PUSCH

· Semi-statically configured offset between the data MCS and the code rate of the control signaling (A/N and CQI)

In this contribution, we propose a formula to determine the size of control region based on data MCS. Validation of the formula is presented in a separate contribution [2]. We also present a numerical value set for the offset parameter. These values can be used to design the higher layer signalling needed to configure the offset parameter. 
2
Linkage between data MCS and the amount of resources needed for PUSCH

The proposed formula [2] contains the following semi-static input parameters signalled via higher layers:
· offset_dB 
performance difference between the given control channel and PUSCH data channel (in dB) 
The UL data MCS -related input parameters known in advance are:

· N : 


number of control signalling bits (for the given control signalling type)  

· CR: 


Coding rate of given PUSCH MCS (e.g., 3/1)

· MMod: 

Number of (uncoded) bits/symbol of  PUSCH MCS, [2, 4 or 6] with QPSK, 16QAM, 64QAM.
Mctrl is the number of control symbols/TTI and it is calculated as follows:
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where (.( rounds the control channel size to the nearest supported integer value, towards (plus) infinity. The supported integers are based on the coding/repetition/puncturing assumptions made for given control signaling on PUSCH. It is also noted that due to implementation reasons it may be better to tabulate the relation of offset_dB signalling and term 
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, instead of signalling the offset_dB directly.
An example of values for Mctrl is given in the APPENDIX. 
3
Signalling the offset-parameter
Offset parameter depends on the BLER operation point of PUSCH data and CQI. We assume that offset_dB parameter is signalled via RRC signalling. Based on the results shown in [3] we note that
· a common offset_dB parameter for all the PUSCH MCSs is sufficient
· a common offset_dB parameter for different bandwidth options is sufficient. Persistent scheduling requiring bandwidth dependent offset_dB -parameter is a special case since the adaptive transmission bandwidth is not used with the persistent scheduling. 
Table 1 shows simulated/optimized values for the offset_dB parameter [3]. We note that different offset_dB parameter is needed for ACK/NACK and different CQI sizes. Numerical values presented in Table 1 can be used to estimate the number of bits needed to configure the offset_dB –parameter. Based on these results, in order to minimize the control overhead, we propose that 

·  offset_dB parameter related to A/N signalling  is configured using 3 bits (around 6.5 dB)
· offset_dB parameter related to CQI signalling  is configured using 4-5 bits (around 1.5 dB)
Periodic CQI and aperiodic CQI may require their own offset_dB –parameter. 
When signalling ACK/NACK on PUSCH, an important issue that needs to be taken into account is the DTX-to-ACK problem [4]. Results in Table 1 assume that UE has the knowledge about the presence of ACK/NACK on PUSCH. However,  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 [4]. We also note that different formula may be need for ACK/NACK and CQI in the case when UE has no knowledge about the presence of ACK/NACK on PUSCH.

Table 1. Numerical values for offset_dB -parameter [3], non-persistent scheduling, 2RBs, TU channel, v=3 km/h
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QoS  N

Data BLER CQI BLER A/N BER 1 5 10 30 60 90

50% 5% 0.1% 7.0 2.0 1.9 1.4 1.3 1.3

40% 1% 0.1% 6.8 2.5 3.1 2.2 2.2 2.2

40% 5% 0.1% 6.8 1.8 1.6 1.2 1.2 1.2

30% 10% 0.1% 6.8 1.1 1.1 0.8 0.8 0.8

20% 5% 0.1% 6.5 1.5 1.5 1.0 1.0 1.0

20% 1% 0.1% 6.3 2.7 2.5 1.5 1.5 1.5

20% 5% 0.1% 6.3 1.2 1.2 0.8 0.8 0.8

20% 10% 0.1% 6.3 0.5 0.5 0.4 0.4 0.4

10% 1% 10.0% 5.8 2.4 2.2 1.3 1.3 1.3


4
Conclusions
In this contribution we have presented detailed formula to determine the size of control region based on data MCS. We propose that the formula is adopted in RAN specifications as a method to size the control channel on PUSCH. The proposed formula minimizes the signaling burden and keeps the control channel quality at the target level. Furthermore, it can be applied for both persistently and dynamically scheduled data and for all kind of control types such as ACK/NACK and CQI.
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APPENDIX
Table 2. Numerical non-quantized values for Mctrl parameter, N=30, offset_dB varies between 0 dB and 3 dB
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offset_dB 0.00 0.50 1.00 1.50 2.00 2.50 3.00

Data MCS CR Mmod Mctrl

QPSK 1/10 10.0 2 150.0 168.3 188.8 211.9 237.7 266.7 299.3

QPSK 1/6 6.0 2 90.0 101.0 113.3 127.1 142.6 160.0 179.6

QPSK 1/4 4.0 2 60.0 67.3 75.5 84.8 95.1 106.7 119.7

QPSK 1/3 3.0 2 45.0 50.5 56.7 63.6 71.3 80.0 89.8

QPSK 1/2 2.0 2 30.0 33.7 37.8 42.4 47.5 53.3 59.9

QPSK 2/3 1.5 2 22.5 25.2 28.3 31.8 35.7 40.0 44.9

QPSK 3/4 1.3 2 20.0 22.4 25.2 28.3 31.7 35.6 39.9

16QAM 1/2 2.0 4 15.0 16.8 18.9 21.2 23.8 26.7 29.9

16QAM 2/3 1.5 4 11.3 12.6 14.2 15.9 17.8 20.0 22.4

16QAM 3/4 1.3 4 10.0 11.2 12.6 14.1 15.8 17.8 20.0

16QAM 5/6 1.2 4 9.0 10.1 11.3 12.7 14.3 16.0 18.0

64QAM 1/2 2.0 6 10.0 11.2 12.6 14.1 15.8 17.8 20.0

64QAM 2/3 1.5 6 7.5 8.4 9.4 10.6 11.9 13.3 15.0

64QAM 3/4 1.3 6 6.7 7.5 8.4 9.4 10.6 11.9 13.3

64QAM 5/6 1.2 6 6.0 6.7 7.6 8.5 9.5 10.7 12.0
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