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Introduction
In RAN1#86bis, it was agreed that the channel coding scheme for eMBB data is LDPC, at least for information block size > X, with the value of X is FFS and 128 <= X <= 1024 bits. 
In this contribution, we discuss the channel coding technique for the Master Information Block (MIB) of NR. 
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.
Minimum System Information of NR
In RAN1#87, it was agreed that:
· Consider followings for minimum system information transmission:
· NR-PBCH is a non-scheduled broadcast channel carrying at least a part of minimum system information with fixed payload size and periodicity predefined in the specification depending on carrier frequency range
· Alt. 1: NR-PBCH carries a part of minimum system information
· Alt 1-1 : remaining minimum system information is transmitted via other channel at least partially indicated by NR-PBCH
· Alt 1-2: Remaining minimum system information is transmitted via other channel not indicated in NR-PBCH
· Alt. 2: NR-PBCH carries all of minimum system information

As discussed in [5], the total number of bits in the minimum system information can be quite large. The total number of bits in the minimum system information will vary depending on the deployment. This is due to the varying, and potentially large number of PLMNIDs to be carried.
It is preferable that Alt. 1 is used, where two separate broadcast channels, NR-PBCH and NR-SPBCH (NR Secondary PBCH) are defined to carry the minimum system information. NR-PBCH carries a part of the minimum system information, while NR-SPBCH carries the remaining minimum system information. NR-PBCH is transmitted more frequently, and has smaller payload size. NR-SPBCH is transmitted less frequently, and may have much larger payload size.
The payload size of NR-PBCH and NR-SPBCH are to be decided by RAN2, and not yet known to RAN1. If NR-PBCH payload size is similar to that of MIB in LTE, then it is in the range of ~40 bits. Performance study of 3 coding techniques are shown in section 4. The performance results show that TBCC continues to be a good channel coding choice for NR-PBCH. 
The payload size of NR-SPBCH is expected to be larger, for example, on the order of hundreds of bits. Thus channel coding technique for other NR data channels should be used for NR-SPBCH, i.e., LDPC codes should be used. One example of the LDPC code design and performance is shown in [6].
Based on the above discussion, we have the following proposals.

1. TBCC (either 64-state or 256-state) is used as the channel coding technique for the part of minimum system information carried by NR-PBCH.
1. LDPC code is used as the channel coding technique for the remaining part of minimum system information carried by NR-SPBCH.

Code Performance
In this section, three channel coding candidates for the payload of NR-PBCH1 are studied. Since the final payload size of NR-PBCH1 is yet unknown, MIB size of 40 bits in LTE is used as an example. That is, for the performance study, K=40 bits and N=120 bits are 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.
· 256-state tail-biting convolutional code (TBCC), where the generator polynomial is provided in [3]. Normal Viterbi decoding is applied without list decoding.
· Polar code. SC list decoding with list size L=8 is applied. The decoding is not assisted by CRC bits to avoid the CRC overhead.
In Figure 1, the block error rate performance of the 3 channel coding candidates are shown. It is observed that 
· the 256-state TBCC achieves 0.5 dB better performance than 64-state TBCC at BLER=10-3;
· the Polar code performs 0.6 dB worse than 64-state TBCC at BLER=10-3;
While the 256-state TBCC can perform better than the 64-state TBCC, higher decoding complexity is required in decoding the 256-state code. Hence it should be discussed further which TBCC provides the best compromise between the performance and the complexity.
Compared to eMBB data channel, Polar code construction for MIB is much simpler, since only a single (K, N) construction is necessary. For the example studied here, the (K=40, N=120) code is obtained by puncturing 8 code bits from a length-128 Polar code. On the other hand, if the (K=50, N=150) code is needed as for MIB-NB, then the code is obtained by puncturing 256-150 = 106 code bits from a length-256 Polar code. In general, it is easier to implement a Polar decoder without any (K,N) flexibility, or very limited (K,N) flexibility. Hence constructing a dedicated Polar decoder for MIB only is relatively simple. The simplicity of the Polar decoder implementation will be lost if the Polar decoder has to additionally support other downlink physical channels, when flexible (K,N) support is required with list deocoding. 
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[bookmark: _Ref462987397]Figure 1.	BLER performance of 64-state TBCC, 256-state TBCC, and Polar codes with SCL decoding (L=8) 

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

1. TBCC (either 64-state or 256-state) is used as the channel coding technique for the part of minimum system information carried by NR-PBCH.
1. LDPC code is used as the channel coding technique for the remaining part of minimum system information carried by NR-SPBCH.
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