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1
Introduction
In RAN1 #53 held in Kansas City most of the remaining open details related to control signalling on PUSCH were agreed [1]. One of the agreements was the formula to determine the size of control region based on data MCS [2]. There is an offset-parameter in the agreed formula, which is used to adjust the quality of control signals with respect to the PUSCH data channel. One of the remaining tasks to complete the specification is to define the exact numerical values for the offset parameter.

In this contribution we propose a numerical value set for the offset parameter. The values, based on extensive link simulations, can be used as a guidance to design the higher layer signalling needed to configure the offset parameter. 
2.
Further Simulation Results dealing with extreme BW allocation

Table 1-Table 3 present the simulation results for the offset-parameter in the case dynamically scheduled PUSCH. The considered control signalling type is a 30-bit CQI report using tail-biting convolutional coding. TU channel with UE speed of 3 km/h is assumed. Three different bandwidth options are considered, namely 1RB (Table 1), 2RB (Table 2) and 100 RBs (Table 3). The way how the actual number of control symbols/subframe (Mctrl) is varying with the offset-parameter is shown in the APPENDIX. 
Results show that the largest offset parameter value is needed when the data BLER gets the maximum value (i.e., BLER=80%) and CQI BLER gets the minimum value (i.e., 1%), and vice versa. 
When comparing the offset parameter with different PUSCH bandwidth allocations we can make the following observations:
· Differences in offset parameter are the biggest between 1RB and 2 RB cases. This is due to the fact that the small coding block size is limiting the PUSCH performance with 1RB allocation 

· Differences between 2 RB and 100 RB bandwidth allocations are quite marginal. The biggest differences exist with extreme PUSCH BLER operation points.
Table 1. Numerical values for offset_dB –parameter, non-persistent scheduling, 1RB, TU channel, v=3 km/h.
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Data CQI_BLER

BLER 1% 5% 10%

80% 1.6 1.0 0.7

60% 1.3 0.7 0.4

40% 1.1 0.5 0.2

20% 0.8 0.3 0.0

1% -0.1 -0.7 -1.0


Table 2. Numerical values for offset_dB –parameter, non-persistent scheduling, 2RBs, TU channel, v=3 km/h.
[image: image2.emf]Offset_dB -- 2RBs

Data CQI_BLER

BLER 1% 5% 10%

80% 2.7 2 1.5

60% 2.3 1.5 1.2

40% 2.0 1.2 1.0

20% 1.5 0.9 0.6

1% 0.3 -0.3 -0.5


Table 3. Numerical values for offset_dB –parameter, non-persistent scheduling, 100RBs, TU channel, v=3 km/h.
[image: image3.emf]Offset_dB -- 100RBs

Data CQI_BLER

BLER 1% 5% 10%

80% 2.1 1.5 1.0

60% 2.0 1.3 0.8

40% 1.8 1.1 0.6

20% 1.6 0.9 0.4

1% 1.0 0.3 0.1


3
Offset parameter value for different control sizes
Table 4 shows simulated/optimized values for the offset_dB parameter for different number of control signalling bits, denoted as N. The simulation assumptions are given in [3]. In this simulation, CQI BLER equals to 5% and ACK/NACK BER 0.1%, respectively. 
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 4  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 shown 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 4. Numerical values for offset_dB -parameter [3], non-persistent scheduling, 2RBs, TU channel, v=3 km/h, CQI BLER=5%.
[image: image4.emf]Offset_dB -- 2RBs

Data N

BLER 1 5 10 30 60 90

80% 7.7 2.9 2.7 2.0 2.0 2.0

60% 7.1 2.1 2.0 1.5 1.5 1.5

40% 6.8 1.8 1.6 1.2 1.2 1.2

20% 6.4 1.4 1.2 0.9 0.9 0.9

1% 4.7 0.0 -0.3 -0.3 -0.3 -0.3


3
Proposed signalling
There are two main aspects which need to be taken into account when signalling the offset parameter.

· Dynamic range

· Quantization 

Dynamic range aspect is important to be able to guarantee the desired control quality in all different cases: different PUSCH bandwidth allocations and different BLER operation point of PUSCH.  We propose that dynamic range is defined separately for ACK/NACK and CQI. The extreme coverage limited case must be taken into account as well.
The quantization of offset parameter impacts to the overhead of control signalling. The more coarse is the quantization step the larger is the UL control overhead. On the other hand the smaller is the quantization step the larger is the signalling overhead in DL side. However, as the offset-parameter is configured by dedicated RRC signalling, signalling burden related to DL side is not so big issue. We note that quantization has the biggest impact on UL overhead with the smallest MCSs, where the absolute control overhead is biggest. 

Table 4 shows the proposed signalling fields for the offset-parameter. It assumes that  

· offset_dB parameter related to A/N signalling  is configured using 3 bits, and 
· offset_dB parameter related to CQI signalling  is configured using 4 bits.
We propose that the quantization step for the offset-parameter is on the order of 1 dB for ACK/NACK and 0.5 dB for CQI. The reason for having smaller quantization step for CQI is the fact that absolute size of the CQI resource is larger. Therefore, the UL control overhead issue is more severe with CQI.
Table 4. Proposed signalling fields for offset 
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value ACK/NACK CQI

0 not used not used

1 4 -1.5

2 5 -1

3 6 -0.5

4 7 0

5 8 0.5

6 10 1

7 13 1.5

8 2

9 2.5

10 3

11 3.5

12 4

13 4.5

14 5

15 5.5


4
Conclusions
In this contribution we have presented a numerical value set for the offset parameter. We propose that separate offset parameter is configured for ACK/NACK and CQI. Furthermore we propose that offset –parameter related to ACK/NACK and CQI signalling is configured with 3 and 4 bits, respectively. We also propose a practical signalling scheme for the offset-parameter.
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APPENDIX
Table 5. Numerical non-quantized values for Mctrl parameter, N=30, offset_dB varies between 0 dB and 3 dB
[image: image6.emf]N 30

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


