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1.1. Introduction

In Jeju meeting and weeks following, we have agreed to use control information offset values in calculating the number of REs for the control information in PUSCH transmission. We also agreed to use log scaled values for the control information offsets. In this contribution we point out effects of quantization error when using log scaled values for rate matching of control information and data information, and propose to use linear scaled values instead.
2.1. Problems due to power of 10 function implementation
According to the latest specifications the UE and eNB must both calculate the number of RE for control information using control information offsets which are configured to be in log scale. When the actual calculation is being done the log scale values need to be changed to linear scale values. Depending on the level of quantization made for the power of 10 function, and how the power of 10 function is being implemented using finite length arithmetic, there exist some quantization errors. This quantization error leads to different control information RE calculation in both UE and eNB, and thus results in un-decodable PUSCH transmission.

The following 2 equations [1] are being used to calculate the number of RE for control information. Since control information in PUSCH and data information are rate matched together the number of RE for control information affects the number of RE for data information.
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In the equations above 
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 are integer values. The only non-integer value in the equation is the power of 10 function which mostly results in long precision numbers.
Just to give few realistic examples, let’s assume 3 RB PUSCH transmission, with MCS index 6, and let’s assume that the system bandwidth was 20 MHz and the aperiodic CQI mode 3-0 was used. Also let’s assume that the system was operating in Normal CP, without SRS transmission in that particular subframe. In this case the variables would correspond to the following values;
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The following table shows the 
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 calculation results according to quantization and implementation method.
	Power function

implementation Method
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	Quantization Level

(N bit representation of

power function results)
	5
	7
	9
	5
	7
	9
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	102
	100
	100
	95
	99
	100
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	129
	127
	125
	122
	125
	125
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	167
	160
	158
	156
	157
	158


There could be more various errors other than quantization level, due to how the power of 10 function was implemented in the UE. Even without other factors we can see from the table above that just changing the quantization level affects the output of the RE calculation. For these reasons it very clear that with how the current specification is written right now, there could be different UEs and eNBs behaving differently depending on power of 10 function and the control information MCS calculation implementation. Note that there is a power of 10 function being used in the power control, but the slight variations in UE transmission power does not affect the system so much as RE calculation. If the UE and eNB assume different RE calculation for control and data, then those control and data information are lost and results in significant performance loss.
3.1. Conclusion

Since having power of 10 operator in the RE calculation may result in ambiguity in the specification, we propose to replace the log-scale value to a linear-scale value, and have a exact table of values needed in the specification. Effectively we would replace 
[image: image26.wmf]10

10

D

 with 
[image: image27.wmf]b

, and original equations shown in section 2 would be replaced by following equations.
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With the RE calculation equations changed as above, instead of signalling by higher layers the specified log-scaled value we would signal specified linear-scaled values such as below.
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