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Introduction
In RAN1#87 and RAN1 NR ad hoc January meetings, it has been agreed that the channel coding scheme for eMBB data is LDPC, while Polar codes are used for eMBB downlink and uplink control information (DCI and UCI). 
The following agreements were made at RAN1#88 meeting:
Agreements:
· RAN1 targets design of NR PBCH to be no larger than [100 bits] and no less than 40 bits including CRC.
· This simply provide guidance for potential minimum and maximum value.
Agreements:
· For the minimum system information delivery, 
· Part of minimum system information is transmitted in NR-PBCH
· The remaining minimum system information is transmitted in shared downlink channel via NR-PDSCH

In this contribution, we discuss the channel coding technique for the part of minimum system information carried by NR-PBCH. 

Coding Technique for NR-PBCH
Single Transmission
In this section, three channel coding candidates for the payload of NR-PBCH1 are studied. Reception of a single transmission of PBCH is assumed. 
The three channel coding candidates simulated are:
· 64-state tail-biting convolutional code (TBCC), as defined in 36.212 for LTE. Normal Viterbi decoding is applied without list decoding. This is marked as “64-TBCC” in the legend of Figure 1 to Figure 4.
· 256-state tail-biting convolutional code (TBCC), where the generator polynomial is provided in [3]. Normal Viterbi decoding is applied without list decoding. This is marked as “256-TBCC” in the legend of Figure 1 to Figure 4.
· CRC-assisted Polar code. Since 16-bit of CRC is assumed for error detection purpose, a CRC vector of length (16+3) = 19 bits is attached to the end of NR-PBCH information bits, with 3 extra CRC bits for assisting with SC list (SCL) decoding.  In the simulation study, list size L=8 is applied. 
Considering the design target of 40 – 100 bits including CRC, the size of net information payload is Kinfo = 24-84 bits, assuming that 16-bit CRC is applied as for LTE MIB. In the simulation study, the set of sizes studied is Kinfo ={24, 34, 44, 54} bits. The set of code rate studied is: R = {1/3, 1/6, 1/9}, where the code rate R = (Kinfo+16)/N. The simulation results are shown in Figure 1 to Figure 4.
The simulation results show that:
· 256-state TBCC performs 0.5-0.7 dB better than 64-state TBCC at FER=10-3 for all tested cases;
· CA-Polar performs similar to 256-state TBCC at R=1/3;
· CA-Polar exhibit better performance than 256-state TBCC at lower code rates (R=1/6 and 1/9) due to steeper slope of CA-Polar. 
· Difference between CA-Polar and 256-state TBCC increases as R decreases;

Observation 1 CA-Polar exhibit better performance than 256-state TBCC at code rates R<1/3 and low BLER.
Observation 2 Difference between CA-Polar and 256-state TBCC increases as R decreases.


[image: C:\Users\eyufbla\Documents\MATLAB\chanCoding\simulation_code\TBCC\TBCC\CERQPSK_NR_PBCH\FER_TBCC_viterbi_vs_CAPolar_awgn_qpsk_Kinfo24.bmp]
Figure 1.	FER performance of Kinfo=24 bits with 3 code type candidates: (a) 64-state TBCC, (b) 256-state TBCC, and (c) CA-Polar codes with (16+3) CRC and L=8 SCL decoding. 
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Figure 2.	FER performance of Kinfo=34 bits with 3 code type candidates: (a) 64-state TBCC, (b) 256-state TBCC, and (c) CA-Polar codes with (16+3) CRC and L=8 SCL decoding.  
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Figure 3.	FER performance of Kinfo=44 bits with 3 code type candidates: (a) 64-state TBCC, (b) 256-state TBCC, and (c) CA-Polar codes with (16+3) CRC and L=8 SCL decoding.  
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[bookmark: _Ref462987397]Figure 4.	FER performance of Kinfo=54 bits with 3 code type candidates: (a) 64-state TBCC, (b) 256-state TBCC, and (c) CA-Polar codes with (16+3) CRC and L=8 SCL decoding.  
Combination of Multiple Transmissions
For NR, PBCH is transmitted with PSS and SSS in a SS block. One or multiple SS block(s) compose an SS burst. The UE may assume that a given SS block is repeated with a SS burst set periodicity, and NR-PBCH contents in a given repeated SS block may change. Considering the repeated transmission of NR-PBCH, reception of multiple NR-PBCH transmissions in combination is more important than reception of a single transmission. As discussed in [7], the design of NR-PBCH should allow soft combining of NR-PBCH repetitions within an SS burst. 

For TBCC, there exist simple rate matching algorithm to enable soft combining. For example, the rate matching algorithm as defined in LTE can be reused for NR. The IR-HARQ style soft combining can be easily enabled. Redundancy versions (RV) can be supported, if necessary.

For Polar codes, code construction is customized for each code size combination of (K, N). It is unclear how the IR-HARQ style soft combining can be enabled without performance degradation.

1. Soft combining should be considered in channel coding design of NR-PBCH.

Conclusion
In this contribution, we studied the channel coding candidates for MIB of NR. We have the following observations and proposal:

Observation 1 CA-Polar exhibit better performance than 256-state TBCC at code rates R<1/3 and low BLER.
Observation 2 Difference between CA-Polar and 256-state TBCC increases as R decreases.


1. [bookmark: _GoBack]Soft combining should be considered in channel coding design of NR-PBCH.
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Appendix. Channel Coding for MIB of LTE
In LTE, the Master Information Block (MIB) received by all UEs other than NB-IoT UE is MasterInformationBlock . The Master Information Block received by the NB-IoT UE is  MasterInformationBlock-NB (MIB-NB).
MIB on PBCH 
The MasterInformationBlock (MIB) uses a fixed schedule with a periodicity of 40 ms and repetitions made within 40 ms. The first transmission of the MIB is scheduled in subframe #0 of radio frames for which the SFN mod 4 = 0, and repetitions are scheduled in subframe #0 of all other radio frames. The MIB is transmitted on BCH.
For the BCH carried on PBCH of LTE, the transport block size is 24 bits, and the number of CRC bits attached is L=16 bits. Hence the information block size at the input to the TBCC encoder is: 
KPBCH = 24 + 16 = 40 (bits)
The 40 bits are encoded by the rate 1/3 tail-biting convolutional codes to obtain 120 bits, NPBCH=120. After repetition, the number of bits transmitted on the physical broadcast channel (PBCH) equals 1920 for normal cyclic prefix and 1728 for extended cyclic prefix. 
Hence in LTE PBCH, without considering the repetition, only one (K, N) combination is used in the encoding process: K=40 bits, N=120 bits.
MIB on NPBCH
[bookmark: _Ref462125875]The MasterInformationBlock-NB (MIB-NB) uses a fixed schedule with a periodicity of 640 ms and repetitions made within 640 ms. The first transmission of the MIB-NB is scheduled in subframe #0 of radio frames for which the SFN mod 64 = 0 and repetitions are scheduled in subframe #0 of all other radio frames. The transmissions are arranged in 8 independently decodable blocks of 80 ms duration.

For BCH transport block carried on NPBCH of LTE NB-IoT, the transport block size is 34 bits, and the number of CRC bits attached is L=16 bits. Hence the information block size to the TBCC encoder is: 
KNPBCH = 34 + 16 = 50 (bits)
The 50 bits are encoded by the rate 1/3 tail-biting convolutional codes to obtain 150 bits, NNPBCH=150. After repetition, the number of bits transmitted on the narrowband physical broadcast channel (NPBCH) equals 1600 bits, with each of the self-decodable blocks carrying 200 bits. 
Hence in LTE NPBCH, without considering the repetition, only one (K, N) combination is used in the encoding process: K=50 bits, N=150 bits.
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