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In [1] and [2], some discussion about the UCI multiplexed on PUSCH was raised. According to [3], the coded modulation symbols reserved for UCI should be calculated as follows,




In the above equations, the  has included filler bits (which will be shortened according to the LDPC encoding procedure in [3]) and the calculated e.g.  would be smaller than needed. As a results, e.g., the code rate for HARQ-ACK bits will become higher than what we want. In this contribution, we investigate the impact of accounting for the filler bits in the calculation of the coded modulation symbols, and provide simulation results.
Discussion
Consider the HARQ-ACK bits calculation as example, denote  as the number of information and CRC bits only, excluding the filler bits. The ratio  indicates that when using the formula in [3] for calculating the modulation symbols per layer for HARQ-ACK bits, how much the actual code rate will be enlarged compared to the designed code rate in different TBS. The plots in Figure 1 illustrate the ratio  as a function of TBS for LDPC basegraphs 1 and 2.
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Figure 1:  as a function of TBS for (a) base-graph 1 and (b) base-graph 2
For LDCP BG1, the actual code rate will be enlarged up to about 1.1 times. And for LDPC BG2, some corner cases with small TBS will be affected, and the code rate will be enlarged up to 1.8 times.
Observation 1: The code rate of HARQ-ACK bits multiplexed in PUSCH will be enlarged because of the filler bits. For corner cases with small TBS using LDPC BG2, the actual code rate for UCI bits will be enlarged up to 1.8 times.

As discussed in [1] and [2], two options, change the  to (exclude the filler bits) in above equations or adjust the   by implementation can handle this issue. From the specification compatibility point of view, obviously, the  adjustment in implementation is preferred.
Observation 2: From the specification compatibility point of view, the  adjustment in implementation is preferred.

To further investigate the performance impact, we do some evaluation for the above two options. The simulation uses 4RB with low MCS level, LDPC BG2 and fading channel. Data part decoding and UCI detection performance are observed and compared to the baseline with original equations in [3] for calculating the coded modulation symbols for the UCI multiplexed on PUSCH:
· Baseline case: using and set  = 15.875
Two cases:
· Case 1 - use  adjustment don't change:  using  and set  = 31
· Case 2 - change  to :  using (exclude the filler bits) and set  = 15.875

Table 1. Impact on data decoding and UCI detection
	MCS
	
	1-bit UCI
	2-bit UCI

	
	
	Case 1
	Case 2
	Case 1
	Case 2

	0
	Impact on Data decoding (dB)
	-0.31
	-0.25
	-1.05
	-0.56

	
	Impact on UCI detection headroom (dB)
	2.44
	1.83
	3.03
	2.12

	2
	Impact on Data decoding (dB)
	-0.2
	-0.05
	-0.6
	-0.14

	
	Impact on UCI detection headroom (dB)
	2.22
	0.74
	2.79
	0.94

	4
	Impact on Data decoding (dB)
	-0.14
	-0.04
	-0.34
	-0.09

	
	Impact on UCI detection headroom (dB)
	2.01
	0.64
	xxx
	0.84

	5
	Impact on Data decoding (dB)
	-0.17
	-0.01
	-0.25
	-0.08

	
	Impact on UCI detection headroom (dB)
	1.95
	0.61
	xxx
	xxx



In Table 1, the “Impact on Data decoding” means the gap between the evaluated case and the baseline for the data part decoding working point @1e-1; the “Impact on UCI detection headroom” means the gap between the evaluated case and the baseline for the headroom between the UCI detection working point @1e-2 and the data part decoding working point @1e-1. As for the numbers, positive is better performance and negative is worse performance, respect to the baseline.
From Table 1, we have the following observations:
Observation 3: Data part decoding performance will become worse while UCI decoding performance will become better compared to the baseline. 
Observation 4: By adjusting the , the UCI detection performance can become better, and the improvement is similar as changing Kr to Kr’ in the equations.
Observation 5: The impact of changing Kr to Kr’ in the equations or adjusting the  is similar. From a performance point of view, the impact of either changing Kr or adjusting   is small. Thus, specification changes are not needed.
Conclusion
For the number of coded modulation symbols per layer of HARQ-ACK, CSI part 1, and CSI part 2 when multiplexed on PUSCH, we observe that
Observation 1: The code rate of HARQ-ACK bits multiplexed in PUSCH will be enlarged because of the filler bits. For corner cases with small TBS using LDPC BG2, the actual code rate for UCI bits will be enlarged up to 1.8 times.
Observation 2: From the specification compatibility point of view, the  adjustment in implementation is preferred.
Observation 3: Data part decoding performance will become worse while UCI decoding performance will become better compared to the baseline. 
Observation 4: By adjusting the , the UCI detection performance can become better, and the improvement is similar as changing Kr to Kr’ in the equations.
Observation 5: The impact of changing Kr to Kr’ in the equations or adjusting the  is similar. From a performance point of view, the impact of either changing Kr or adjusting   is small. Thus, specification changes are not needed.
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