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1. Overview
In RAN1 #87 meeting, it is agreed that Polar code is the working assumption for eMBB control information: 
	Agreement: 
· UL eMBB data channels:
· Working Assumption to adopt flexible LDPC as the single channel coding scheme for small block sizes (to be confirmed unless significant issues are identified by the RAN1 Jan adhoc in relation to performance, implementation complexity and flexibility)
· (Note that it is already agreed to adopt LDPC for large block sizes)
· DL eMBB data channels:
· Adopt flexible LDPC as the single channel coding scheme for all block sizes
· UL control information for eMBB
· Adopt Polar Coding (except FFS for very small block lengths where repetition/block coding may be preferred)
· DL control information for eMBB
· Working Assumption to adopt Polar Coding (except FFS for very small block lengths where repetition/block coding may be preferred)
· To be confirmed unless significant issues are identified by the RAN1 Jan adhoc in relation to performance, latency, power consumption and implementation complexity



However, the coding scheme for PBCH is not yet specified. In this contribution, the performance advantage of Polar coded PBCH will be investigated. In particular, we will show
· Polar code is effective for PBCH low rate transmission
· Proper mapping of data bits to Polar encoder input can realize further performance gain
Therefore, NR PBCH performance can be significantly improved with Polar code.


2. Performance Advantage over LTE TBCC
In LTE PBCH, a mother code rate 1/3 Tail-Biting Convolutional Code (TBCC) with circular rate matching is utilized for PBCH. While TBCC is effective for small codeblocks, PBCH code rate lower than TBCC mother code rate is essentially achieved via extensive repetition. Despite of the simplicity, the performance is sub-optimal. For Polar code, the code rate adaption is realized by selecting the number of the best bit channels. When the selection is based on some near-optimal design [1], certain performance advantage can be realized.
To specifically compare the performance between Polar-coded PBCH and LTE TBCC-coded PBCH, comparison between the following two configurations is conducted: 
Table 1. Simulation settings for comparing TBCC-coded PBCH and Polar-coded PBCH
	Coding scheme
	TBCC
	Polar

	Information bit number
	24
	24

	CRC length
	16
	20

	Coded bit number
	480
	480

	Modulation type
	QPSK

	Channel type
	AWGN

	Decoding scheme
	Non-list Viterbi decoding
	CRC-aided SCL list-8



Note that, to conservatively characterize Polar code advantage, we first consider baseline CRC-aided Polar code. Regarding the same false-alarm rate target, there also add extra 4 CRC bits for Polar code setting. While Polar encoding can create a large codeword spanning a whole TTI of 4 transmissions, a confined codeword size of 480 code bits is assumed in order not to dominate the decoder complexity. The comparison is shown in Fig. 1, and one can conclude:

Observation 1: Polar coded PBCH can realize at least 0.8 dB gain over LTE TBCC coded PBCH.

[image: ]
Fig. 1 Performance comparison between Polar-coded and TBCC-coded PBCH

Proposal 1: NR PBCH should adopt Polar code to realize enhanced performance over LTE TBCC.


3. Exploiting Known Bits to Enhance Polar Coded PBCH
For a broadcast channel, there are some data bits possibly known in advance. For example, the reserved bits in LTE MIB could be regarded known. In case of UE hand-over in LTE, eNodeB will inform part of MIB content of the target cell to the UE, including BW and possibly HICH configuration. It is natural to think of exploiting the a priori information for enhancing NR PBCH performance.
Polar code bit channels exhibit different qualities, which can be represented by an order list [1]. For transmitting K data bits, the first K best non-punctured bit channels will be selected from the list. If K’ < K bits are to be transmitted, the K’ selected bit indices will be a subset of the K bit indices and corresponding to the best K’ bit channels. Assume that there are L known bits available, we can set K’ = K – L so that the K’ unknown bits will assigned to the K’ best bit channels. To exploit the L known bits, one can set the L bit channels as frozen bits so that Polar decoding will exactly deal with a lower-rate code transmitting only K’ data bits. The code rate difference can then contribute to certain performance gain that helps UE initial access as well as hand-over performance.
Fig. 2 shows an example of a size-8 Polar code with information bit number K = 4 and known bit number L = 2. The bit channel quality order is indicated in the left column, and bit channels U8, U7, U6, and U4 are selected for data transmission. To reserve the best bit channels for transmitting the unknown bits, the two known bits will be intentionally assigned to U4 and U6, as marked by the boxes in the left hand side.
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[bookmark: _GoBack]Fig. 2: A size-8 Polar code example for known bit position selection

To investigate the potential performance advantage by exploiting known bits, we extend the simulation settings in Table 1 to include different possible number of known bits. Following LTE design, there can be 3 possible combinations of known bits numbers 10, 13, and 16, as shown in Table 2. The bit channel mapping is based on the above mechanism, and the known bits are treated as frozen bits during Polar decoding. 
Table 2. Simulation settings for known-bit assisted PBCH with Polar code
	Coding scheme
	Polar

	Information bit number
	24

	Known bit number
	10
(Reserved)
	13
(Reserved + BW)
	16
(Reserved + BW+HI config.)

	CRC length
	20

	Coded bit number
	480

	Modulation type
	QPSK

	Channel type
	AWGN

	Decoding scheme
	CRC-aided SCL list-8



In Fig. 3, the performance curves are compared, and one can observe that very significant performance gain could be realized by properly arranged known bits. Since reserved bits could be utilized in UE initial access and a total of 13 - 16 known bits will be available during UE hand-over, we can conclude as follows:

Observation 2: By properly arranging the known bits to Polar code bit channels, NR UE can potentially realize 1 dB gain and 1.5 dB – 2 dB gains for initial access and hand-over, respectively.

Proposal 2: Polar code bit channel arrangement regarding all potential known data bits should be considered for NR PBCH in order to take advantage of the significant performance gain.
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Fig. 3 Performance of known-bit assisted PBCH with Polar code


4. Summary
In this contribution, the performance advantage of Polar coded PBCH is investigated, in particular, we have

Observation 1: Polar coded PBCH can realize at least 0.8 dB gain over LTE TBCC coded PBCH.

Proposal 1: NR PBCH should adopt Polar code to realize enhanced performance over LTE TBCC.

Observation 2: By properly arranging the known bits to Polar code bit channels, NR UE can potentially realize 1 dB gain and 1.5 dB – 2 dB gains for initial access and hand-over, respectively.

Proposal 2: Polar code bit channel arrangement regarding all potential known data bits should be considered for NR PBCH in order to take advantage of the significant performance gain.

By the above, the following proposal is suggested:

Proposal 3: Polar code is selected for NR PBCH
· FFS: Bit channel arrangement regarding all potential known data bits
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