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1	Introduction
For NR uplink, two major channel coding techniques are used. LDPC codes are used to provide error control for data, while Polar codes are used for uplink control information when the payload size (without CRC bits) is more than 19 bits. LDPC codes and Polar codes exhibit different performance trends, as discussed in this contribution.
In this contribution, we discuss how the UL configuration should take the above into account. 
[bookmark: _Ref178064866]2	Discussion
In LTE, the same channel coding technique, turbo coding, is applied to UL data as well as larger UL control information (UCI). Thus, from code performance perspective, PUSCH scheduling does not have to differentiate if data is carried by PUSCH, or control is being carried by PUSCH, or a mixture of control and data. 
In contrast, in NR, two different channel coding techniques are applied. Additionally, UCI of NR can be considerably larger than that of LTE. Thus, there is a substantial range of info block size   where LDPC codes and Polar codes can be applied, with LDPC codes applied to the data, and Polar codes applied to control.
Due to the limited mother code size of Polar codes and the limited number of segments (only 2), the performance of LDPC and Polar codes can be drastically different over some range of info block size  and code rate .
2.1	LDPC code performance
The performance of NR LDPC codes over an AWGN channel has been evaluated using a normalized min-sum decoder, layered scheduling and a maximum of 20 decoder iterations.
Figure 1 shows the SNR (or ) required to achieve BLER targets of 0.1%, 1%, and 10% as a function of information block size  for code rate  and QPSK modulation. The results show that NR LDPC codes provide consistently good performance over a large range of block sizes. For this code rate, base matrix #2 is used for  while base matrix #1 is used for any larger . As shown in the figure, there is a tiny gap in performance at the block size where transition occurs between base matrix #1 and base matrix #2.  Apart from this gap, the required SNR generally decreases monotonically as the info block size  increases.  However, this is not the case for NR Polar codes.

[image: ]
[bookmark: _Ref512969788]Figure 1 Performance of NR LDPC codes at code rate 1/2 for QPSK modulation.


2.2	Polar code performance

Figure 2 shows the SNR (or ) required to achieve a target BLER of 0.1%, 1%, and 10% as a function of payload size  at code rate  with QPSK for SC (i.e., L=1) and SCL decoder with list size L=8. The impact of different rate-matching methods and segmentation is displayed. The required SNR tends to decrease as  increases to a point of around  when repetition replaces puncturing or shortening during rate-matching. From that point on, the required SNR keeps increasing until   where the required SNR starts to decrease again due to segmentation that allows the rate-matching to switch back to puncturing/shortening. From around , the required SNR keeps increasing as  increases as there is no additional segmentation beyond 2 segments and repetition of  polar code core is used exclusively from that point on.  From  bits to  bits, the increase in required SNR can increase more than 2 dB, as shown in Figure 2.


[image: UL_QPSK_Rate0p500_rSNR_VTM]
[bookmark: _Ref512721098]Figure 2 Required SNR (Es/N0 (dB)) to achieve 0.1%, 1%, and 10% BLER at rate ½ with NR polar code in uplink.

2.3	Uplink transmission of mixed content in PUSCH
Similar to LTE, PUSCH can carry:
· Data only, hence only LDPC code is applied;
· UCI only, hence only polar code is applied when the UCI size is larger than 19 bits;
· Multiplexed control and data, where LDPC code is applied to the data portion, and polar code is applied to the UCI portion when the UCI size is larger than 19 bits.
As shown in Figure 1 and Figure 2, LDPC codes and polar codes has different behaviour. Thus, it is not appropriate to assume that MCS selection can be performed considering LDPC behaviour only. 
For example, comparing Figure 1 and Figure 2, at K=500 bits, LDPC codes and Polar codes (with ) perform similarly, both requiring Es/N0=2.0 dB to achieve BLER=10-3.  However, in contrast, at K=1700 bits, LDPC codes requires only Es/N0=1.6 dB to achieve BLER=10-3, but Polar codes requires 4.5 dB to achieve BLER=10-3, approximately 3 dB worse. 


In general, polar code performance diverges from that of LDPC code starting at , and significantly worse than LDPC code starting at . The difference is exacerbated by the fact that control and data operate at different BLER targets, with data at a higher BLER target of 10% typically, and control at a lower BLER target of 1% typically.

[bookmark: _Toc513842202]Polar code performance for larger UCI is significantly inferior to LDPC code performance of uplink data over some range of info block sizes and code rates. The required SNR for UCI and uplink data to achieve their respective target block error rates can be significantly different (as much as 3 dB for R=1/2).

Considering the inferior performance of polar codes at larger K, some solutions are needed to improve the link performance of UCI. Some possible solutions are listed below:
· A scaling factor  may be applied to the MCS and TBS determination procedure, so that a lower effective MCS is applied to UCI. Factor  should be a function of info block size  and code rate ..
· A scaling factor may be applied to the power control procedure, so that more power is applied to UCI. Factor  should be a function of info block size  and the code rate ..

Based on the discussion above, we have the following proposal.

[bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Toc513842213]Adopt a solution to balance the divergent code performance between larger UCI and uplink data.

Conclusion
In this contribution, we discussed the different behaviour of channel coding techniques for uplink data vs uplink control information. Based on the discussion, we made the following observation:
Observation 1	Polar code performance for larger UCI is significantly inferior to LDPC code performance of uplink data over some range of info block sizes and code rates. The required SNR for UCI and uplink data to achieve their respective target block error rates can be significantly different (as much as 3 dB for R=1/2).

Based on the discussion in the previous sections we propose the following:
Proposal 1	Adopt a solution to balance the divergent code performance between larger UCI and uplink data.
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