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1 Introduction
In RAN1#62, the following was agreed on UCI on PUSCH:
· Adopt two RRC-configured PUSCH beta offset values, one for single-CW transmission, the other for multi-CW transmission.

· Per-CW beta offset value is not supported for multi-CW transmission

· Each RRC-configured beta parameter is set to a single numerical value
· Adopt the baseline assumption for HARQ-ACK/RI resource size and  CQI/PMI resource size
· Modification to the data spectral efficiency to account for large UCI payload is not supported
In this contribution, we discuss the difference of transmission power between UL SCH data and UCI symbols and propose to adopt modulation-specific reduction factor to beta value according to modulation scheme of data.
2 Discussion
2.1 Brief explanation of Rel-8 scheme and baseline agreement

In this section, brief explanations on the equation used in Rel-8/9 for derivation of the number of UCI (AN or RI) symbols and its parameters are provided. And also brief explanation on the baseline agreement on the equation in Rel-10 is also provided.

In Rel-8 [2], the number of AN or RI symbols on PUSCH are given by
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where 
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 is the number of HARQ-ACK bits or rank indicator bits, 
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 is the scheduled bandwidth for PUSCH transmission in the current sub-frame for the transport block, expressed as a number of subcarriers, and 
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is the number of SC-FDMA symbols per subframe for initial PUSCH transmission for the same transport block. 
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 is the scheduled bandwidth for initial transmission of the transport block, expressed as a number of subcarriers. The dominator represents the number of UL SCH bits after code block segmentation for turbo coding, where 
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is the number of code blocks, and 
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 is the number of bits in code block r.  
Single beta value, 
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 for RI, is configured by higher layers, which will determine the spectral efficiency of UCI bits of AN or RI. And the values will be selected due to the operating point of UCI on BLER relative to UL SCH for lower MCS, as the required SNR for UL SCH per bit is low for lower MCS.
And for Rel-10, baseline agreement is a simple extension of Rel-8 to two code words:
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The difference is only in the dominator which is extended to the number of total bits of two code words. Parameters with suffix (0) or (1) corresponds to code word 0 or 1, respectively.
2.2 Consideration on the transmission power of UCI symbols
For MCS with modulation scheme QPSK, UCI symbol for AN or RI on PUSCH has same transmission power as UL SCH symbol. So SNR of them at eNB receiver are also the same. On the other hand, for MCS with modulation scheme 16QAM or 64QAM, UCI symbols for AN or RI have higher transmission power compared to the averaged transmission power of UL SCH symbols, which corresponds to UL SCH power. This means SNR of UCI at eNB receiver is higher than UL SCH. This is because only the outmost modulation points are used for AN or RI transmission for modulation scheme 16QAM or 64 QAM.
Figure 1 shows the constellation of modulation schemes supported for PUSCH transmission, based on the Table 7.1.1-1 for QPSK, Table 7.1.2-1 for 16QAM and Table 7.1.3-1 for 64 QAM [3]. It can be known from those tables that the outmost modulation points of 16QAM or 64QAM, which are used for AN or RI transmission as stated above, have +2.55dB or +3.68dB higher transmission power, respectively, than averaged transmission power of all modulation points, which correspond to UL SCH transmission power. 
As uniform beta value regardless of modulation scheme is used in calculation of the number of UCI symbols, this additional power  of UCI symbols for 16QAM or 64QAM is not compensated and may lead to redundant number of UCI symbols for AN or RI on PUSCH. This redundant number of UCI symbol will degrade the BLER of UL SCH unnecessarily or require additional PRB assignment.
This additional power of UCI symbols for 16QAM or 64 QAM could be compensated and the number of UCI symbols could be reduced by 45% or 57%, respectively, if beta values were dependent on modulation scheme and reduced by power difference between UCI and UL SCH for 16QAM or 64QAM. With this method, coding rate of UL SCH could be reduced and BLER could be improved. And it would lead to UL capacity improvement since retransmission of UL SCH might be reduced or UL PRB assignment might be reduced.
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(a) QPSK


       (b) 16QAM



(c) 64QAM
Fig. 1
Constellation of modulation schemes with same transmission power
In the following sections, we provide simulation results in case that beta value is reduced by multiplexing the factor of 0.556 for 16QAM and 0.429 for 64QAM according to the discussion above.

2.2.1 Simulation result of UL SCH BLER
Fig.2 shows our simulation result of UL SCH data BLER under AWGN channel. It shows comparison between our proposal and rel-8 scheme in case of 2 bits AN on PUSCH of 1RB and MCS11. The simulation result shows that our proposal works well and the degradation of UL SCH caused by puncturing by AN bits is well mitigated.
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Fig. 2
BLER of UL SCH data for two bits AN case

2.2.2 Simulation result of FALSE/MISS detection of ACK
In this section, we provide the simulation result of the probability of 1 bit AN miss/false detection on PUSCH of 10RB for all MCS.

Fig.3 shows simulation result of miss/false detection error of 1 bit AN on PUSCH with Rel-8 scheme.
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Fig. 3
Miss / false detection of 1 bit ACK on PUSCH with Ioffset = 8 with release 8 scheme

For each MCS (X-axis), SNR is chosen so that BLER of UL SCH data without any UCI is around 10%.

And receiver is set so that the probability of false detection of 1 bit ACK is around 1%.

And then Ioffset = 8, or beta =12.625, is selected to achieve the probability of miss detection of 1 bit ACK is around 1% for all MCS.

For MCS more than 10, the probability of miss detection of 1 bit ACK is too low (less than 10-4) so that they do not appear in Fig.4. It means too much resource is allocated for AN bit.

The probability of NACK-to-ACK is much lower than miss detection in the condition above, so we don't need to consider about it.

Fig.4 shows simulation result in case with our proposed scheme under the same condition as Fig.3.
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Fig. 4
Miss detection/false detection of 1 bit ACK on PUSCH with Ioffset = 8 with our proposed scheme

With our proposed scheme, for MCSs of 16QAM/64QAM, the probability of false detection is kept around 1% and the probability of miss detection is corrected to appropriate value of around 1% target and PUSCH degradation by AN multiplexing is well mitigated. In addition, there is no cost of signaling to support this proposal.
Simulation assumptions other than mentioned above are shown in Annex.

2.3 Consideration on SU-MIMO case

In RAN1#62, it was agreed that Per-CW beta offset value is not supported for multi-CW transmission. We propose to use a factor for each code word to compensate the difference of transmission power between data and AN / RI, sharing beta value between code words, which will be:
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where 
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3 Conclusion
In this contribution, we discussed the power difference between UCI symbols and UL SCH data. And we showed the merit of modulation-specific reduction factor for MCS of 16QAM.
We propose:
Proposal 1: Modulation-specific compensation factor can be considered without any additional signaling.
Proposal 2: Reduction factor can be adopted for each code word in case of multilayer transmission. 
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Annex. Simulation assumptions
	Items
	Assumption

	System bandwidth
	10MHz (50 RBs)

	CP length
	Normal

	Channel model
	AWGN

	Target BLER of UL SCH
	10%

	DTX-to-ACK error target
	1%

	ACK-to-NACK/DTX error target
	1%

	Ioffset
	8

	Tx antennas (UE)
	1

	Rx antennas (eNB)
	2

	Frequency Hopping
	Disabled

	SRS
	Not configured
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