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Introduction

In RAN #86bis and #87meetings, the agreement was reached to use LDPC codes for eMBB data channels and polar code for control channels. In this contribution, we consider channel coding candidates for URLLC. We consider information block sizes and code rates agreed for URLLC in RAN1#84bis meeting below.
· Modulation: QPSK
· Code rate:  1/12, 1/6, 1/3
· Info. block length (bits w/o CRC): 20, 40, 200, 600, 1000
In RAN1#85 meeting, Enhanced Turbo code with mother code rate of R=1/5 was introduced [1] where we presented performance comparison between Turbo code vs. Polar code, and Enhanced Turbo code vs. Polar code for the above simulation assumptions. In the same contribution, we also compared LDPC code vs Enhanced Turbo code, for a selected set of combinations of the above parameters. In [2], we further investigated the performance of all these candidate channel coding schemes for relatively short information block sizes. These previous studies demonstrated that turbo codes, LDPC codes, and Polar codes have comparable link performance for short information block sizes. In [3], Further Enhanced Turbo Code is described in which, instead of trellis termination as TS 36.212, tail-biting encoding for each component code is performed. This is applicable to both LTE Turbo code with mother code rate 1/3 as well as the proposed Turbo code with mother code rate 1/5. We refer to this code as Tail-Biting (TB) Turbo code. It was shown that TB-Turbo codes provide gains over LTE Turbo codes across all code rates. 
In this contribution, we discuss the use of LDPC codes for URLLC and also evaluate the performance of other coding candidates such as TB-Turbo codes  and Arikan’s Polar codes [5] using the simulation parameters specified above for URLLC. The URLLC reliability requirement is specified in TR 38.913 [7], where the target BLER is 10-5 within 1 ms for payload size of 32 bytes. Thus, in this contribution we made an attempt to evaluate code performance down to the target BLER of 10-5.
Using LDPC Codes for URLLC
In 3GPP RAN1#87, it was agreed that LDPC codes are used for all block sizes of eMBB data channels, including small block sizes and large block sizes.
When considering the data channels of URLLC, the service requirements at higher layer is different from those of eMBB. However, at the physical layer, it is not expected that URLLC data will use a different channel than eMBB data. That is, both URLLC data and eMBB data are both carried by NR PDSCH on the downlink, and are both carried by NR PUSCH on the uplink. This is similar to LTE, where PDSCH (and PUSCH) carries higher layer data of different service requirements. 
Thus, similar to LTE, the simplest option is to use a single channel coding technique for PDSCH and PUSCH, regardless of higher layer service type being eMBB or URLLC. That is, the simplest is to use LDPC codes for both eMBB and URLLC, as long as LDPC codes can sufficiently serve the needs of URLLC.
For the (info block sizes, code rates) combinations of URLLC, the URLLC requirement is more demanding than the eMBB in that URLLC has higher reliability requirement. For URLLC, the BLER target should be checked down to 10-5, while for eMBB the BLER target was checked down to 10-4. Hence the LDPC codes should be designed and checked for URLLC down to BLER=10-5 before adoption. 
Currently LDPC code design is in progress. Checking the candidate LDPC designs presented by companies, for instance, [4], it is expected that LDPC codes can be designed to avoid error floor for BLER>=10-5.
1. LDPC codes should be adopted for URLLC, after confirming that for the (info block sizes, code rates) combinations of URLLC, LDPC codes provide sufficiently reliable performance for BLER10-5.

Performance Study of Turbo Codes and Polar Codes for URLLC
In this section we compare the performance of other coding candidates for URLLC, namely, tail-biting Turbo codes and Polar codes. 

For turbo code simulations, the realistic decoding algorithm is used, i.e., max-log-MAP with 0.75 scaling factor and 8 iterations. For tail-biting Turbo (TB-Turbo) code, the mother code rate Rm=1/5 as discussed in [1] is assumed. Nested generator polynomials are used so that higher code rates (e.g., R=1/4, R=1/3) are obtained from puncturing parity bits from the mother code of rate 1/5. For code rates lower than Rm=1/5, repetition is applied via the circular buffer rate matching scheme similar to that of LTE.

For Polar code simulations, Arikan’s Polar codes are considered. For a fair comparison based on similar complexity, Successive Cancelation List (SCL) decoding of list size 8 are used. 



3.1 K=20
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Figure 1. Turbo code vs. Polar code performance comparison for K=20 and QPSK. 

3.2 K=40
[image: ]
Figure 2. Turbo code vs. Polar code performance comparison for K=40.
3.3 K=200
[image: ]Figure 3. Turbo code performance for K=200.

3.4 K=600
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Figure 4. Turbo code performance for K=600.
3.5 K=1000
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Figure 5. Turbo code performance for K=1000.


In general, Polar codes have more potential to outperform TB-Turbo codes for shorter K, rather than larger K. According to Figure 1 (K=20) and Figure 2 (K=40), we expect that Arikan’s Polar with L=8 is better than TB-Turbo only for K<40.  TB-Turbo codes in particular show superior performance in the waterfall region and hence in most of the cases outperforms Polar for low values of BLER. Considering the full range of K values, and the full range of BLER performance down to BLER=10-5, we expect that overall TB-Turbo codes outperform Polar codes for URLLC.
Additionally, we also observe that TB-Turbo codes have no error floors at target BLER of 10-5 for all considered information block lengths. Hence TB-Turbo codes are excellent coding techniques for URLLC use cases.

Observation 1 TB-Turbo codes have superior performance in the waterfall region without any error floors down to the target BLER of 10-5. 

The performance of Polar decoding based on the SCL decoding depends on the list size used. In simulations above we use list size 8 which is considered to have similar complexity to the TB-Turbo counterpart. We note that increasing the list size can improve the performance of Polar codes; however, it will incur significant increase in implementation complexity and decoding latency [8]. The latter are especially critical to URLLC use cases and should therefore be avoided.

Based on the above discussion, if coding techniques other than LDPC are considered for URLLC, TB-Turbo codes should be considered as strong candidates for URLLC.

1. If coding techniques other than LDPC are considered for URLLC, TB-Turbo codes with mother code rate 1/5 are strong candidates for URLLC.

Performance at Target BLER 10-5
In this section we plot the SNR required for reaching the target BLER of 10-5 for URLLC. 
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Figure 6. Performance comparison of TB-Turbo code at BLER 10-5.


Conclusion
In this contribution, we discussed channel coding candidates for URLLC, including Turbo Codes, LDPC codes, and Polar codes. We present performance comparison between TB-Turbo codes and Arikan’s Polar codes for information block lengths and code rates relevant for URLLC. Based on the discussion, we have the following observation and proposal:

Observation 1 TB-Turbo codes have superior performance in the waterfall region without any error floors down to the target BLER of 10-5.

1. LDPC codes should be adopted for URLLC, after confirming that for the (info block sizes, code rates) combinations of URLLC, LDPC codes provide sufficiently reliable performance for BLER10-5.
1. If coding techniques other than LDPC are considered for URLLC, TB-Turbo codes with mother code rate 1/5 are strong candidates for URLLC.
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