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Introduction
Channel coding is one of the most important areas in the physical layer of New Radio (NR) Access Technology due to its far-reaching impact on both system performance and equipment cost.  In RAN #86bis meeting, the following agreement was reached.

	Agreement:
· The channel coding scheme for eMBB data is LDPC, at least for information block size > X
· FFS until RAN1#87 one of Polar, LDPC, Turbo is supported for information block size of eMBB data <= X
· The selection will focus on all categories of observation, including overall implementation complexity, regardless of the number of coding schemes in the resulting solution (except if other factors are generally roughly equal)
· The value of X is FFS until RAN1#87, 128 <= X <= 1024 bits, taking complexity into account
· The channel coding scheme(s) for URLLC, mMTC and control channels are FFS




In this contribution, we discuss the remaining issue in selecting channel coding scheme for eMBB data of short information block sizes, i.e, K<=X.
Code Selection for eMBB Data

As discussed in [1], channel coding design for eMBB data should not be influenced by info block size K<400 bits, since such packets are very rare in a real network. Only 0.02% of downlink IP packets are smaller than 40 bytes, which corresponds to transport block size of 376 bits.  Only 0.08% of uplink IP packets are smaller than 40 bytes, which corresponds to transport block size of 376 bits.  Transport block size (TBS) of 376 bits corresponds to K=400 bits at the input of the channel encoder, considering the 24 TB-level CRC bits. Hence coding schemes for eMBB data should be selected based on the performance for info block lengths K>=400 bits.

In terms of block error rate (BLER) performance, when a single transmission is considered, all the coding candidates perform comparably: Turbo codes, LDPC codes, and Polar codes. When considering HARQ support, Turbo codes and LDPC codes are comparable, while Polar codes do not have an efficient HARQ scheme [4].

In our view, the following are good design choices for channel coding scheme of eMBB data in NR. Our analysis is largely driven by implementation consideration.
Option 1. (Turbo, LDPC) combo. 
A. Option 1-A. The turbo code is the LTE turbo code without enhancement.  LTE turbo code is used to cover eMBB data with information block size K<=X bits. 
This option has the advantage of mature implementation from LTE, hence minimum effort and minimum risk for both the eNodeB and the UE. Additionally, for the dual-connectivity architecture of LTE-NR, LTE turbo code has to be used over the LTE connection. Reusing the LTE turbo code on eMBB data of NR allows a high potential of hardware sharing. 
B. Option 1-B. The turbo code is an enhanced turbo code. An enhanced turbo code is designed and used to cover eMBB data with information block size K<=X bits.
The enhancements being considered include: (a) a lower mother code rate 1/5; (b) tail-biting version of the LTE turbo codes; (c) ARP interleaver; (d) joint design of interleaver and puncturing pattern.
This option has the advantage of further improved error correction capability of the turbo codes. Limiting the information block size range means that the turbo codes can be highly optimized for this operating range. On the other hand, the LTE turbo decoder cannot be used as is, and Option 1-B does require a new hardware design of the turbo decoder. Since the basic turbo decoder design principles are the same as LTE turbo, the design effort is estimated to be low. Overall, Option 1-B is somewhat inferior to Option 1-A in terms of design effort and time-to-market. 
Option 2. LDPC-only. LDPC code is used for all of eMBB data, regardless of large or small information block sizes. There is no need of defining an X value.
In Option 2, since it has been agreed that LDPC codes should be used for eMBB data with larger info block size, some advantages have been identified to also use LDPC code for the short block sizes, including simpler specification, a single rate matching procedure, a single processing chain of any PDSCH and PUSCH transmission regardless of info block size, easier sharing of memory and logic even if two LDPC decoders are implemented. 
On the other hand, adopting LDPC-only for eMBB data is not as efficient with hardware implementation as Option 1. Compared to covering the high info block sizes only, it is more challenging to design an LDPC decoder to cover the full range of code sizes and code rates of eMBB.

In summary, Option 1-A, Option 1-B, and Option 2 are all good choices for eMBB data of NR. Each of them present a slightly different set of advantages and disadvantages. Considering code design effort, hardware implementation effort, and hardware implementation efficiency, Option 1-A is slightly preferred over Option 1-B and Option 2.
Based on the discussion above, we have the following proposals:
1. For eMBB data of small information block sizes, the channel coding technique should be selected between turbo codes (including enhanced turbo) and LDPC codes.
1. If a combo solution is selected, Option 1-A is slightly preferred, where (LTE turbo, LDPC) combo is used for eMBB data, with LTE turbo covering info block sizes K<=X bits.
1. If a single code solution is selected, LDPC-only should be used without the need of defining a X value.  

Other 
Polar code has been proposed for both data channel and control channel of NR. The design of Polar codes has been improved continuously since the start of NR study item. The latest Polar design contains composite features beyond a single code: precoding is proposed to be applied to generate parity check bits; and segmented design with multiple constituent polar codes have also been proposed. When using the most advanced design features, Polar code exhibits competitive BLER performance as compared to turbo codes and LDPC performance. In general, Polar code research is very active for both code construction and code implementation.
However, Polar codes are still not mature for the challenging requirements of NR [3][4]. 
For the data channels (e.g., PDSCH and PUSCH), Polar codes lack an effective HARQ scheme [4]. To the best of our knowledge, circular buffer based rate matching algorithm, which allows effortless transmission between Chase combining and incremental redundancy, does not exist for Polar codes. HARQ is a very important mechanism to provide robustness to the system.  Lacking of good HARQ support is one of the main concerns for data channel.
For the control channel, long decoding latency is one of the top concerns [8]. This issue is even more pronounced for the DCI, where many blind decoding attempts have to be done with tight time constraints. Monitoring of DCI has to be done very efficiently to avoid any delay in data reception and HARQ acknowledgement generation.
One design choice that looks attractive at first glance is to use Polar codes to cover both control channel and eMBB data of small block sizes. However, this means that a Polar decoder has to be built to cover a huge combination of K and N, where K is the information block size and N is the code block size. Assuming K<=1024 bits, N<=8192, then the number of (K,N) combinations is on the order of 106. Info set generation, frozen set generation has to be done on the fly. The Polar decoder has to be built to cover multiple versions of list sizes, for example, large list size for control channel, small list size for data channel. All the other issues that exist when Polar code is used for data-only or control-only are even more difficult to resolve.
Thus, it is a poor design choice to use Polar code to cover both eMBB data and control channels.

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

Observation 1 It is a poor design choice to use Polar code to cover both eMBB data and control channels.
Conclusion
In this contribution, we discussed the remaining issue in selecting channel coding scheme for eMBB data of short information block sizes. Based on the discussion, the following observations and proposals are reached:

Observation 1 It is a poor design choice to use Polar code for both eMBB data and control channel.

1. For eMBB data of small information block sizes, the channel coding technique should be selected between turbo codes (including enhanced turbo) and LDPC codes.
1. If a combo solution is selected, Option 1-A is slightly preferred, where (LTE turbo, LDPC) combo is used for eMBB data, with LTE turbo covering info block sizes K<=X bits.
1. If a single code solution is selected, LDPC-only should be used without the need of defining a X value.
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