


3GPP TSG RAN WG1 Meeting 91		                          R1-1720645
Reno, USA, November 27th – December 1st, 2017

Agenda Item:	7.4.2.3
Source:	InterDigital Inc.
Title:	Ordering of PBCH Fields
Document for:	Discussion and Decision
[bookmark: _Ref129681862][bookmark: _Ref124589705]1	Introduction
[bookmark: _GoBack]It was agreed in RAN1 meeting #89 [1] that polar coding is adopted for NR-PBCH, with the maximum mother code length of 512 bits and with the same polar code construction as PDCCH.
The NR-PBCH payload has been discussed in several RAN1 meetings. It is a working assumption [2] that NR-PBCH has a payload size of 56 bits (including CRC). Since the CRC for NR-PBCH is of 24 bits [2], the actual NR-PBCH payload is of 32 bits, which includes 10-bit SFN, 4-bit PRB grid offset, 1-bit RMSI numerology indication, 1-bit half frame indication, 3-bit MSB of SSBI (for above 6 GHz band), reserved bits, etc.
It was mentioned that some of the NR-PBCH fields may have known values in certain scenarios. The known bits could be used to improve the NR-PBCH decoding performance and reduce the NR-PBCH decoding latency. Hence, it may be beneficial to order the NR-PBCH fields before they are encoded.  
In this contribution, we discuss the order of NR-PBCH fields.  
2	Discussion
The NR time related information is shown in the following figure. This includes 10 SFN (system frame number) bits, one half frame indication bit and 6 SSBI (SS Block Index) bits. The 7 MSB of the SFN provides the BCH TTI resolution. The 3 LSB of the SFN and the half frame indication bit are the burst set index within the BCH TTI. The 6 bits of the SSBI are within the burst set. 
[image: ]
For the above 6 GHz band, the 10 SFN bits, the half frame indication bit and the 3 MSB of the SSBI are contained in the NR-PBCH payload, while the 3 LSB of the SSBI are indicated by 8 different PBCH-DMRS sequences. For the below 6 GHz band, the 3 MSB of the SSBI are not in the NR-PBCH payload. Subsequently, the reserved bits for the below 6 GHz band are supposed to be 3 bits longer than those for the above 6 GHz band to maintain the identical size NR-PBCH payload. 
After the initial acquisition of the NR-PBCH payload, a UE can obtain the SFN, the half frame indication and the SSBI from the cell. In the subsequent NR-PBCH decoding, the time related information could be derived from the initial values. Hence, the time related information may be considered as known bits [3]. On the other hand, the reserved bits in the NR-PBCH payload are always set as 0. These bits may also be considered as known bits. 
To improve the NR-PBCH decoding performance and reduce the NR-PBCH decoding latency, the known bits could be placed in the front of bit channels before polar encoding. This placement could also facilitate the soft combining of multiple copies of NR-PBCH data.
Proposal 1: The NR-PBCH fields should be ordered to achieve better NR-PBCH decoding performance and lower NR-PBCH decoding latency. 

Here, the ordering of known bits (including reserved bits, SSBI, SFN, half frame indication) of NR-PBCH fields should compensate the effect of the interleaver from the distributed CRC scheme, which is before polar encoding. 
With the given interleaving structure and interleaving pattern [4], we could derive the following interleaving pattern for a payload size of 32 bits.
{0 2 3 5 7 10 11 12 14 15 18 19 21 24 26 30 31 32 1 4 6 8 13 16 20 22 25 27 33 9 17 23 28 34 29 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55}, 
where the bold indices indicate the 24 CRC bits. 
If we want to place some NR-PBCH fields at the front of the information bit channels before polar encoding, these NR-PBCH fields need to be placed in the order of the above interleaving pattern before CRC generation. Specifically, the first bit before CRC generation will be the first information bit channel before polar encoding; the third bit before CRC generation will be the second information bit channel before polar encoding; the fourth bit before CRC generation will be the third information bit channel before polar encoding; the sixth bit before CRC generation will be the fourth information bit channel before polar encoding, etc. 
Proposal 2: The NR-PBCH fields ordering should compensate the effect of the interleaver from the distributed CRC scheme before polar encoding.

Several NR-PBCH fields are considered as known bits in some scenarios. This includes the SFN, SSBI, half frame indication and reserved bits. It is beneficial to place them at the front of the information bit channels. Regarding the order among these fields, we have two options:
Option 1: In the order of reserved bits, SSBI, half frame indication and SFN
This design assumes that the total number of reserved bits and SSBI in NR-PBCH is a constant for the above 6 GHz band and for the below 6 GHz band. The half frame indication bit and the SFN bits could be placed after the reserved bits and SSBI in the information bit channels. For example, if we have 10 reserved bits for the above 6 GHz band, these bits could be placed at positions {0 2 3 5 7 10 11 12 14 15}. The 3 SSBI bits could be placed at positions {18 19 21}. For the below 6 GHz band, the 13 reserved bits are placed at positions {0 2 3 5 7 10 11 12 14 15 18 19 21}. Following that, the half frame indication bit could be placed at position {24} and the 10 SFN bits could be placed at positions {26 30 31 1 4 6 8 13 16 20}.
Option 2: In the order of SSBI, half frame indication, SFN and reserved bits
This design considers that part of the SFN bits (i.e., ) and the reserved bits will be scrambled by a sequence initiated with cell ID and the 2nd, 3rd LSB of the SFN (i.e., ), while the SSBI and half frame indication will not be scrambled before polar encoding [4], [5]. Hence, the SSBI and the half frame indication bit are known without any scrambling, or their known values do not rely on the cell ID and (). This may facilitate the NR-PBCH decoding. In this way, the 3 SSBI bits are placed at positions {0 2 3} and the half frame indication bit is placed at position {5}. 
Proposal 3: The NR-PBCH fields should be placed such that the order of NR-PBCH fields before the polar encoding is either [reserved bits, SSBI, half frame indication, SFN] or [SSBI, half frame indication, SFN, reserved bits].

In NR-PDCCH coding, it was agreed [2] that RNTI is masked onto the last  CRC bits. It was agreed to reuse the polar code design of NR-PDCCH for NR-PBCH. Hence, it is a natural extension to mask the last several CRC bits of NR-PBCH with the cell ID. Note that the cell ID is already obtained from the detection of the PSSS and SSSS, and it is available before the NR-PBCH decoding. The last several CRC bits masked with the cell ID may improve the performance of polar decoding. 
Proposal 4: The cell ID could be masked onto the last several CRC bits of NR-PBCH.

3	Conclusion
In this contribution, we discussed the order of PBCH fields before CRC generation. We have the following four proposals: 
Proposal 1: The NR-PBCH fields should be ordered to achieve better NR-PBCH decoding performance and lower NR-PBCH decoding latency. 
Proposal 2: The NR-PBCH fields ordering should compensate the effect of the interleaver from the distributed CRC scheme before polar encoding.
Proposal 3: The NR-PBCH fields should be ordered such that reserved bits and SSBI bits are placed to the front of the information bit channels, and the half frame indication bit and SFN bits are placed after reserved bits and SSBI bits.
Proposal 4: The cell ID could be masked onto the last several CRC bits of NR-PBCH.
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