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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
According to the agreement achieved in RAN1#88 meeting [1], the payload including CRC (cyclic-redundancy-code) bits of NR PBCH is between 40 bits and [100] bits. Yet, it has not been decided which channel code scheme is adopted for both NR PBCH and the corresponding remaining minimum system information.
For such short code lengths and low code rates, a polar code exhibits about 1.0dB coding gain against LTE-TBCC (tail-biting-convolutional-code) used for LTE PBCH after an extensive comparison between polar and TBCC for eMBB control channel throughout a complete study-item stage [2][3]. This motivates us to adopt polar code for NR-PBCH and remaining minimum system information in NR system. These existing results are useful for the selection of the channel coding scheme for NR-PBCH, because the payload of NR-PBCH is within the range of eMBB control channels.
Besides the coding gain over one single block, it is widely discussed that the NR-PBCH requests a soft combination among the blocks within or across SS burst set. We will show how polar code could benefit from the soft-combination. 
Requirements on Channel Coding Scheme for NR-PBCH 
Coding Gain on One Block
In LTE, a 24-bit MIB (master information block) is broadcasted over PBCH periodically within one fixed schedule period (40ms). This 24-bit block is firstly encoded with a 16-bits CRC and then by rate 1/3 TBCC. The resultant 120-bit codeword is repeated 4 times to match the available resource and to extend the coverage in each transmission (10ms in LTE). This 480-bit block is called the minimum self-decodable block. In one schedule period (40ms in LTE) for normal CP, this minimum self-decodable block is repeated 4 times resulting into 1920 bits with each repetition being masked with different time-index-related scramble sequence (time stamp).  
Table 1: PBCH coding scheme of LTE
	MIB
	24 bits

	CRC bits
	16 bits

	Information Block (K)
	40 bits

	Min self-decodable blocks (M)
	480 bits

	Coded bits in one period
	1920 bits (normal CP)

	Schedule period
	40 ms



Coding Gain on Multiple Blocks
A decoder is supposed to not only decode each minimum self-decodable block independently but also benefit from a soft combination from multiple blocks within a schedule periodicity. Such a soft-combination scheme would result into a performance gain due to a power-addition. 
Moreover, NR introduces the concept of beam sweeping so that there comes a burst of the PSS/SSS/PBCH every time. These blocks in a burst convey the same message except the SS block index within the burst. The UE does not know what that index is when decoding the PBCH. 
[image: ]
Figure 1	SS Bursts in NR [4]
Polar Code for NR-PBCH 
Coding Gain of Minimum-Self-Decodable Block
Because the performance of polar code is not limited by a fixed mother code rate as LTE-TBCC does, this 480-bit minimum-self-decodable block in LTE can be regarded as a 40-bit information block (24-bit MIB + 16-bit CRC) with a code rate of 1/12 in a polar code. 
We use a PC-CA polar code specified in [2] to construct this K=24-bit/44-bit MIB + 18-bit CRC, R=1/12 polar code and implement a SCL (successive-cancellation-list) decoder with list size 8 but CRC check on the first 4 path [2] in the following simulations.  
  [image: ][image: ]
(a)                                                                                    (b)
[bookmark: _Ref477081743]Figure 2	BLER Performance of LTE-TBCC and Polar with List-8 SCL decoder, R= 1/12, (a) MIB = 24 (b) MIB = 44
As illustrated in Figure 2, PC/CA polar code can have more than 1.0dB coding gain against LTE-TBCC. Furthermore, the waterfall curve of polar code is steeper than that of LTE-TBCC. 
To further exhibit the coding gain of polar code for NR-PBCH, we simulate the required SNR for a BLER =0.01 for longer payload as below:  
[image: ]
[bookmark: _Ref477941657]Figure 3 SNR for BLER = 0.01, with potential payload size of NR-PBCH, R = 1/12
Observation-1: Polar code outperforms LTE-TBCC for NR-PBCH, and this gain increases along with the payload size. 
Proposal-1: Polar code should be selected as the channel coding scheme for NR-PBCH.
Coding Gain of Multiple Blocks 
A polar code provides the flexibility to support a soft combination of the LLRs of multiple blocks for both explicit and implicit timing index signaling. 
Soft-combination among multiple blocks in an explicit timing index
In an explicit-time index way, the time-index, or its time-stamp (T), is explicitly encoded with the data payload (D) by a CRC and a polar code. 


Figure 4 Time-stamp is encoded in an explicit way
The data payload (D) remains the same from one block of T to another of T+ΔT. A decoder doesn’t know the absolute time stamp (T) but the offset (ΔT). Then, a joint detector that processes the LLRs of multiple blocks, e.g. block (T) and block (T+ΔT), can estimate an time-stamp .    
Because both polar code and CRC code are linear, an explicit timing index (T) that is encoded together with data payload (D) by a CRC and polar codes ([C(D,T)]) can be considered as an additive scrambling code ([C(T)]) over the codeword ([C(D)]) that is generated from the data only in Figure 5.  
C(D,T) = C(D)⊕C(T) -> C(D) = C(D,T)⊕C(T)


[bookmark: _Ref478126655]Figure 5 Linear Combination of Data-Codeword and Time-stamped Scrambling Code
To combine the LLR vector of the block (LLR(D,T)) and block (LLR(D,T+ΔT)):  
LLR’(D) = LLR(D,T) ⊕ C() + LLR(D,T+ΔT) ⊕ C(+ΔT)
Then, a normal SCL decoder can help to decode the payload (D) and verify the time stamp (T). 
The advantages of an explicit-timing-index are: 
· If channel condition is good enough, a UE can decode one block, either LLR(D,T) or LLR(D,T+ΔT), independently to obtain D and T; 
· If channel condition is not good enough, a UE can choose to combine a number of the blocks. 
· The more blocks to be combined, the more reliably the joint detector estimates . 
· FAR (false-alarm-rate) is not damaged. 
· [bookmark: _GoBack]UE can have the performance gain attributed to the power addition and no limitation on the number of blocks to be jointed together 
Observation-2: Polar Code can support the soft-combination in an explicit timing index way. 
Soft-combination among multiple blocks in an implicit timing index
In an implicit-timing index way, we add another level(s) polarization over several blocks. Let’s see an example of 4 blocks: 
[image: ]
Figure 6 Apply another level polarization over multiple blocks. 
A time-stamp-related mask (S(T)) is scrambled on the frozen bits of each block of (T).  
When decoding one single block (T) independently, a decoder will firstly use a joint detector that processes the LLRs of multiple blocks, e.g. block (T), block(T+ΔT), block(T+2∙ΔT) and so on, can estimate an time-stamp  , then a normal SCL decoder that helps decode the payload (D) and verifies the time stamp (T).      
When combining the soft LLRs of the 4 blocks, a decoder uses a circular buffer to generate 4 possibilities of soft-combination among the 4 blocks from 4 different starting points. 

Figure 7 A circular buffer to generate 4 possibilities of soft-combination 
Similar to the soft-combination in an explicit timing index way, a joint detector would estimate the most likely one among the four possibilities. Then, a normal SCL decoder can help to decode the payload (D) and verify the time stamp (T) with a larger mother code length. 
The advantages of an implicit-timing-index are: 
· If channel condition is good enough, a UE can decode one block independently; 
· If channel condition is not good enough, a UE can choose to combine a number of the blocks. 
· FAR (false-alarm-rate) is not damaged. 
· UE can have the coding gain attributed to a larger mother code length (i.e. lower code rate) 
Observation-3: Polar Code can support the soft-combination in an implicit timing index way. 
Remaining part of minimum system information
Performance of the remaining minimum system information is as important as for PBCH. The detail design of remaining system information transmission of NR is still FFS. For information block length within the range of the payloads for DCI, polar code is suitable due to its higher coding gain respect to other channel coding schemes.  
Here we compare the BLER performance of Polar code [2], LDPC code in [5] (denoted as Scheme1) and LDPC code in [6] (denoted as Scheme2) with code rate ranged from 1/12 to 2/3. A list size 8 SCL decoder is employed for polar code. For LDPC Scheme1, a LNMS (Layered Normalized Min-Sum) decoder with scaling factor 0.8125 is applied, while for LDPC Scheme2 a LOMS (Layered Offset Min-Sum) decoder with offset value 0.5 is employed. The iteration number is 20. Note that for LDPC Scheme1 [5], information length less than 64 is not supported. 
[image: ] 
[bookmark: _Ref477966760][bookmark: _Ref477427753]Figure 8 BLER comparison of Polar and LDPC for the remaining minimum system information.
In Figure 8, polar outperforms the two considered LDPC schemes, where large gain up to 1.5dB can be observed for cases with short info block length or low code rate. It is noted that the LDPC code design for eMBB data is still under discussion, hence the comparison in Figure 8 considers only some of the proposed schemes.
Proposal-2: The channel coding scheme for remaining minimum system information should have competitive performance for all info block lengths.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusion
In this contribution, we analyze the channel coding schemes for NR-PBCH. We have the following observation and proposals. 
Observation-1: Polar code outperforms LTE-TBCC for NR-PBCH, and this gain increases along with the payload size.  
Proposal-1: Polar code should be selected as the channel coding scheme for NR-PBCH.
Observation-2: Polar Code can support the soft-combination in an explicit timing index way. 
Observation-3: Polar Code can support the soft-combination in an implicit timing index way. 
Proposal-2: The channel coding scheme for remaining minimum system information should have competitive performance for all info block lengths. 
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