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1.1. Introduction

To finalize the LTE specification we have simulated required offset values for control information which can be multiplexed into PUSCH. In this contribution, we suggest individual control information offsets for various uplink control information when control information are multiplexing to PUSCH and their appropriate range of offsets.
2.1. Number of offsets and their range
During the previous meetings, we have agreed to have different information multiplexed into a single PUSCH. Information being multiplexed utilizes different coding schemes. The coding schemes used are largely dependent on payload size of the information and its contents. The uplink data uses turbo coding (TC), while CQI/PMI uses tail biting convolutional code (TCC) and linear block code (LBC), and Rank and ACK/NACK information uses simplex or repetition coding. Also in a typical system, each control information contents may be operated with a different target error rate. This is why separate offsets are needed for individual control information and coding scheme.
Figure 1, Figure 2, Figure 3, and Figure 4 shown below shows spectral efficiency versus SNR at their respective target quality requirements, in AWGN channel.
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Figure 1. Data SE vs SNR at BLER 75% and 10%
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Figure 2. Control information using TCC SE vs SNR at BLER 1% and 10% compared to data BLER 75%
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Figure 3. Control information using LBC SE vs SNR at BLER 1% and 10% compared to data BLER 75%
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Figure 4. Control information using symbol repetition and simplex repetition coding SE vs SNR at BLER 1% compared to data BLER 75%

From the results above we can get a rough idea of how the coding scheme and the operating BLER effects each control information. So it is our proposal to have separate offset values for different control information. From the fact individual control information has different offset values, we have simulated link performance and found rough offset value ranges in realistic channel estimation fading environments. The proposed ranges for the offset values are shown in Table 1. Detailed information on the simulation parameters and methodology are explained in the Annex of this contribution. The maximum offset value for a TCC and LBC was derived when data transmission FER was targeted to 75% and CQI/PMI transmission BLER was targeted to 1%. The maximum offset value for a repetition and simplex coding was derived when data transmission FER was targeted to 75% and ACK/NACK and Rank Indicator transmission BLER was targeted to 1%.
Table 1. Proposed offset range for each coding scheme
	
	TCC
	LBC
	Repetition
	Simplex

	Range of Offset [dB]
	0 ~ 8.45098
	0 ~ 9.542425
	0 ~ 9.542425
	0 ~ 9.542425


3.1. Quantization effect of PUSCH control information MCS formula
During the previous meeting we have agreed to control information MCS formula as;
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Where the Nx is the payload size of the control information ‘X’ (including CRC bit if any), Mx is the number of RE to be used by control information ‘X’, Qm is the modulation order of data, CRref is the reference code rate, and finally ∆x is the offset value. To calculate the number of RE being occupied the control information the UE must first calculate the power of 10 exponent terms; divide that by a certain number. Since the implementation of power of 10 exponents can be different from UE to UE, eNB to eNB depending on the internal implementation bit length of the power of 10 value, there could be some ambiguity in realization of PUSCH multiplexing. In this contribution we propose quantization of offset values to alleviate this issue. The idea is to replace the inverse of power of 10 exponential terms to quantized value beta.
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From the specification point of view, we will signal offset values using N bits. Instead of signaling offset value in terms of dB, we would specify the quantized linear values of these offsets and signal an index which point to the appropriate values. Using the proposed range of the offset values, we would only need to then decide the number of bits which will represent the offset values in linear domain, and the number of offset values we will configure. It would be preferable if the offset value beta can be expressed in base 2 representation using M bits. It is our opinion that M should be around 6~8 bits.
4.1. Conclusion

In this contribution, we proposed to change the MCS formula offset calculation to ease UE and eNB implementation. Also we have proposed range of the offset values based on simulation results.

The proposed MCS formula would be expressed as equation below;
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Where the Nx is the payload size of the control information ‘X’ (including CRC bit if any), Mx is the number of RE to be used by control information ‘X’, Qm is the modulation order of Data, CRref is the reference code rate, and finally βX is the offset value signaled by higher layers. We also propose to have different offset values for following control information each.
· Offset for TCC CQI/PMI : β1
· Offset for LBC CQI/PMI : β2
· Offset for 1 bit or 2bit ACK/NACK : β3
· Offset for 1 bit or 2bit Rank indicator : β4
Even though the performance between 1 bit and 2bit ACK/NACK or Rank Indicator is different, from our results we saw that these different encoding schemes required less than 0.5 dB offset difference between them. In order to reduce the un-necessary signaling overhead and number of configuration parameters, we propose to use a single offset for 1 and 2 bit ACK/NACK, and 1 and 2 bit Rank Indicator. Offset β4 could be further reduced if the target error requirement for Rank Indicator is mandated to be the same as ACK/NACK, but currently we do not have a target quality requirement for Rank Indicator as of this moment, and this issue should be further clarified.
In the end, we would signal 4 different offset values. 0.5dB step size of the offsets should be enough to cover most of the system operation configurations. For the offset to represent maximum of 9.542425dB from looking at our simulation results in Table 1, we may need to at least represent offset value from 0 to 10 dB in 0.5 dB steps. This would mean we would need total of 22 states, which means 5 bits for offset signaling should be enough.

Table 2 shows an example of the lookup table for offset beta. The values for offset beta were quantized to nearest 0.125, were the entire value can be represented using 7 bits.
Table 2. Example Lookup Table for offset value beta
	Signaled Bits
	βX

	00000
	1.000

	00001
	1.125

	00010
	1.250

	00011
	1.375

	…
	…

	11110
	31.625

	11111
	35.500


Reference

[1] TS36.213 v8.3.0, 3GPP TSG RAN specifications
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[3] R1-081727“Results for the linkage between PUSCH MCS and ACK/NACK resource amount on PUSCH”, Samsung, 3GPP TSG RAN WG1 #53 Kansas City, USA, May, 2008.

Annex. Simulation Methodology and Environment Settings

Simulations were accomplished using parameters in Table 4. The nominal offset value required for a certain data, control target quality operating point was derived using the lowest MCS value in the TBS table. This is because from the AWGN results we can see that the gap between data and each control information contents is largest in the lowest MCS. As the MCS increases the gap between data and control gets smaller, and since we are only using 1 value per control information content, the offset value should be configured to work in the worst case.
Table 3. Simulation Parameters
	Wireless Channel model
	ETU 3Km/hr

	System Carrier Frequency
	2 GHz

	System BW
	10 MHz

	Number of RBs for PUSCH
	4 RBs

	Payload size for Data, CQI, Rank
	Data : according of 4 RB TBS table
CQI : 8, 30 bits

Rank : 2 bits

	Antenna Configuration
	1 x 2

	Channel Estimator
	Real Channel Estimator


We have divided up the simulation configurations into 3 cases, where each case contains different system operating configurations. Each case presents a certain multiplexing structure for PUSCH. Case 1 is when aperiodic CQI is triggered along with data transmission. Case 2 is when PUCCH CQI is piggybacked on PUSCH. Case 3 is when Rank information on PUCCH is piggybacked on PUSCH. In all simulation cases we have included CRC bits into the payload size.
· Case 1) DATA + CQI(TCC) + RANK
i) Data 10% and CQI 10% and Rank 1%

ii) Data 10% and CQI 1% and Rank 1%

iii) Data 75% and CQI 1% and Rank 1%

· Case 2) DATA + CQI(LBC)
i) Data 10% and CQI 10%

ii) Data 10% and CQI 1%

iii) Data 75% and CQI 1%

· Case 3) DATA + RANK
i) Data 10% and Rank 1%

ii) Data 75% and Rank 1%
These are the simulation results for sub-optimal offset value we have found using extensive simulations. The sub-optimal offset values were found using data TBS of MCS 0 in the TBS mother table. This is because as the MCS increase the offset gap between different information contents get smaller, resulting in largest offset gap when data is transmitted in MCS 0. In the results βr means linear scaled offset of Rank Indicator and βc means linear scaled offset of CQI/PMI.
[image: image9.emf]βr = 2 for Rank Target 1%, βc = 1 for CQI target 10%,  Data target 10% in MCS0

1.E-04

1.E-03

1.E-02

1.E-01

1.E+00

-6 -5 -4 -3 -2 -1 0

SNR [dB]

FER

data

cqi

rank


Figure 5. Simulation results applying to βr = 2, βc = 1 for satisfying Case 1 – i)
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Figure 6. Simulation results applying to βr = 2, βc = 2 for satisfying Case 1 – ii)
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Figure 7. Simulation results applying to βr = 7, βc = 7 for satisfying Case 1 – iii)

[image: image12.emf]βc = 1 for CQI target 10%,  Data target 10% in MCS0

1.E-04

1.E-03

1.E-02

1.E-01

1.E+00

-6 -5 -4 -3 -2 -1 0

SNR [dB]

FER

data

cqi


Figure 8. Simulation results applying to βc = 1 for satisfying Case 2 – i)
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Figure 9. Simulation results applying to βc = 2 for satisfying Case 2 – ii)
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Figure 10. Simulation results applying to βc = 9 for satisfying Case 2 – iii)
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Figure 11. Simulation results applying to βr = 2 for satisfying Case 3 – i)
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Figure 12. Simulation results applying to βr = 9 for satisfying Case 3 – ii)
Figures 13 to 20 show more simulations were done applying to MCS10, MCS11 in data and re-using the same sub-optimal offset values for MCS 0 case. The left side figure is when we have applied data MCS of 10, and the right side is when we have applied to data MCS of 11. Simulation result when data MCS 28 is used resulted figures which were out of range of the plots, thus have been omitted, but they satisfied all target error requirements for each information channel as expected. 
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  [image: image18.emf]βr = 2 for Rank Target 1%, βc = 1 for CQI target 10%,  Data target 10% in MCS11
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Figure 13. Simulation results applying to βr = 2, βc = 1 for satisfying Case 1 – i) at MCS 10 and MCS 11
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  [image: image20.emf]βr = 2 for Rank Target 1%, βc = 2 for CQI target 1%,  Data target 10% in MCS11
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Figure 14. Simulation results applying to βr = 2, βc = 2 for satisfying Case 1 – ii) at MCS 10 and MCS 11
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  [image: image22.emf]βr = 7 for Rank Target 1%, βc = 7 for CQI target 1%,  Data target 75% in MCS11
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Figure 15. Simulation results applying to βr = 7, βc = 7 for satisfying Case 1 – iii) at MCS 10 and MCS 11
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  [image: image24.emf]βc = 1 for CQI target 10%,  Data target 10% in MCS11
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Figure 16. Simulation results applying to βc = 1 for satisfying Case 2 – i) at MCS 10 and MCS 11
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  [image: image26.emf]βc = 2 for CQI target 1%,  Data target 10% in MCS11
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Figure 17. Simulation results applying to βc = 2 for satisfying Case 2 – ii) at MCS 10 and MCS 11
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  [image: image28.emf]βc = 9 for CQI target 1%,  Data target 75% in MCS11
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Figure 18. Simulation results applying to βc = 9 for satisfying Case 2 – ii) at MCS 10 and MCS 11
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  [image: image30.emf]βr = 2 for Rank Target 1%, Data target 10% in MCS11
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Figure 19. Simulation results applying to βr = 2 for satisfying Case 3 – i) at MCS 10 and MCS 11
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  [image: image32.emf]βr = 9 for Rank Target 1%, Data target 75% in MCS11
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Figure 20. Simulation results applying to βr = 2 for satisfying Case 3 – ii) at MCS 10 and MCS 11
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