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Introduction
Till RAN1#90, a lot of agreements are reached for PBCH design. Some of them are listed as follows. 
Agreements in RAN1#88b:
· PBCH BW: 288 subcarriers, 2 OFDM symbols (additional symbols if MIB size larger than assumed)
· PBCH phase reference: DMRS
· PBCH TTI: 80 msec

Agreement in RAN1#89:
· Polar coding is adopted for NR-PBCH
· Using same polar code construction as for the control channel
· Nmax = 512
· Working assumption that the data, including time index if carried by NR-PBCH excluding DMRS is transmitted explicitly	
· Can be revisited if significant benefit is shown from partial implicit transmission of time index if allowed by the polar code design
· RAN1 targets design of NR-PBCH payload size to be no larger than 72 bits and no less than 40 bits including CRC.
Note: Based on the performance evaluation done so far, the upper limit range is between 72 and 48 bits
Agreement in NR-AH#2:
· Equal DMRS density across NR-PBCH with 3 RE/PRB/Symbol
Agreements in RAN1#90:
· SS block time locations are indexed from 0 to L-1 in increasing order within a half radio frame according to the agreed SS burst set composition
· For the case of L = 8 or L = 64, 3 LSBs of SS block time index are indicated by 8 different PBCH-DMRS sequences {a_0,…, a_7}
· For the case of L = 4, 2 LSBs of SS block time index are indicated by 4 different PBCH-DMRS sequences {b_0,…, b_3} 
· One remaining bit out of 3 LSBs is set to 0 and not transmitted by PBCH
· {a_0,…,a_3} are same with {b_0, …, b_3} for a given cell ID
· 1st scrambling, initialization based on Cell ID and a part of SFN, is applied to PBCH payload excluding SS block index, half radio frame (if present) and the part of SFN prior to CRC attachment and encoding process
· The part of SFN is one the following, (to be  selected by NR AH3)
· 3 LSB bits of SFN
· 2nd and 3rd LSB bits of SFN
· FFS: half radio frame index as part of the initialization of the 1st scrambling
· FFS: whether or not half radio frame index is a part of PBCH payload
· FFS: whether or not 2nd scrambling, initialization based on cell ID only, is applied to encoded PBCH bits in a SS block
In this contribution, we will provide an efficeint PBCH design based on the agreements above.
Parameters of Polar codes for PBCH channel 
The parameters of coded block size M, mother code length N, and number of information bits K can be determined according to the agreements.
· Coded block size M
[bookmark: _GoBack]It was agreed in RAN1#88b that 2 OFDM symbols with 288x2 subcarriers are used for PBCH channel. In NR-AH#2, the DMRS density was agreed as 3RE/PRB/Symobl. Therefore the coded block size will be 
288subcarriers * 2 OFDM symbol * 3/4 (Density) * 2 (QPSK) = 864 bits
· Mother code length N
It was agreed in RAN1#89 that the mother code length is 512. Therefore, the first 864 - 512 = 352 bits will be repeated to get 864 bits.
· Number of information bits including CRC bits K
It was agreed in RAN1#89 that the payload size of PBCH will be between 40 bits and 72bits. Since the payload size should be multiple of 8, we assume 64 in the evaluation. In addition, to keep the same false alarm rate (FAR), 19-bit CRC will be used to handle the CRC-aided successive cancellation list (CA-SCL) decoding algorithm with list size of 8.
Scoping of channel coding design for PBCH channel
One of the design aspect of NR PBCH is the SSID signaling in the case of mmWave. Per initial access session agreement, for sub-6, 3-bit SSID is indicated in DMRS; for mmWave, an additional 3-bit SSID is indicated in PBCH. It is important to achieve a unified design across sub-6GHz and mmWave and at the same time, with good performance and other aspects for the case of mmWave as well.
For SYNC signal design, it is mainly used for initial acquisition and mobility in connected/idle modes. For idle mode in LTE, measurement is taken over SSS and further RSRP, etc. are measured on CRS, no PBCH decoding is needed for idle mode UE. Similarly in NR, PSS, SSS based measurement is needed (additional DMRS measurement based on PBCH may be needed) and there is no need to decode PBCH or to know the SSID. Each cell ID will be maintained and beam measurement will be maintained for the UE to re-select the right cell/beam.
Secondly, for initial acquisition, the performance of cross burst combining without within burst-set combing is designed to meet the link budget requirement.
In the case of connected mode handover (HO), in some cases, MIB (MSIB) may be obtained via serving cell RRC message. In such cases, additional information of SSID can be decoded assuming all other MIB information is frozen bit. In this case, it may be helpful to place SSID in the MSB to facilitate decoding in such scenario. In mmWave, TDD is expected to be the most typical deployment. If network (NW) indicates sync deployment, UE may use serving cell timing to obtain SS index of ncell (after just PSS/SSS detection of ncell).
It is important to assume the baseline design (without intra-burst-set combining) has the following: 1. good performance 2. low implementation complexity. As per agreement in coding sesssion, it is helpful to ensure the code construction in PBCH is the same as for control channel to streamline the design. There are many other interesting structures in SYNC design, which are not enumerated here. In general, within burst-set combining is good UE implementation optimization if it comes at no cost. In earlier meetings, a simple and elegant proposal on SSID indexing is proposed [2]. Despite its merits on significantly reducing within burst-set combining complexity at negligible extra effort, a more straightforward indexing is adopted, which leaves within burst-set combining problem to pure UE implementation. The same philosophy has been advocated in channel coding session to ensure the same design for polar code is used for PBCH and PDCCH channel as a prerequisite to adopt polar for PBCH channel. There are many smart ways of reducing number of combining hypotheses and/or extracting SSID without full blown PBCH decoding, we do not intend to enumerate all possible implementation based schemes for SSID detection and/or soft combining related to the specific structure of SYNC signal design for NR, which are left to interested implementation engineers.
Another important aspect of the PBCH design is that, NR PBCH has larger BW than PSS/SSS, which makes it a huge challenge for good one shot SYNC+PBCH decode design. To facilitate good one shot PBCH decoding performance, it is highly desirable to make PBCH within the truncated BW part self-decodable.
Proposed PBCH design using Polar codes
In this session, we will introduce a few detailed designs for PBCH using Polar codes. 
1. 
2. 
3. 
Timing info in NR


[bookmark: _Ref481764198][bookmark: _Ref481764180]Figure 1. Timing information bit fields, assuming 10bit SFN
For reference, different logical bitfields of the timing info are depicted in Figure 1.  First, bits  give the timing upto BCH TTI resolution, over which MIB content is fixed. Secondly, bits  stand for burst-set index within a BCH TTI. Since burst-set period can be as short as 5ms, there are 16 burst-sets within a BCH TTI. Lastly, bits  gives SS block index within a burst-set, where  are indicated by DMRS sequences when L equals 4 and  are indicated when L equals 8 or 64.
Timing information carried explicitly
The detailed design for PBCH using Polar codes is depicted in Fig. 2. The payload consists of CRC bits, SS block index, half radio frame index, SFN and the other MIB bits. The CRC bits are computed based on the whole MIB block including the SS block index bits. The CRC bits and SS block index bits are mapped to the most reliable locations of Polar codes and the other MIB bits are mapped to the least reliable locations.


Figure 2: PBCH design using Polar codes.
Decoding and soft-combination
When one instance of NR-PBCH is received, the timing information can be obtained directly and reliably with a single decoding test since it is carried explicitly in the payload and protected by the CRC.
When soft combing is used for multiple instances of NR-PBCH, the effect of different SS block index bits can be removed by flipping the sign of LLRs according to a set of SS block masks. Based on the linearity of Polar codes and CRC codes, 8 versions of the 512-bit SS block mask can be obtained using the same CRC encoder and Polar encoder. The value set of (b5, b4, b3) are 000, 001, 010, …, 111, respectively, and the values of the other MIB bits (including SFN and c0) is zeros. The SS block masks can be generated once and stored in memory to save computations. 


Figure 3: Soft combining for multiple instance of PBCH signals
One benefit of such design is that: in some HO cases, the rest of the MIB except timing (e.g., just the 3 bits of SS index) can be sent to the UE through serving cell. The UE then uses it as frozen bits to get one-shot neighbor cell timing.
Self-decodable on truncated bandwidth
Because the bandwidth of NR-PBCH is larger than that of NR-PSS and NR-SSS, it is very useful if the PBCH content could be decoded only using the signals within the bandwidth which is the same as that of NR-PSS and NR-SSS. One possible solution is to map part of the encoded bits into the truncated bandwidth and make sure that the part of the encoded bits is self-decodable. Below is the design to handle this issue.
[image: ]
The procedure of this scheme is listed as follows.
1) M = 864, N = 512, J = 128, X=143, a = 9; Z=127
2) Pre-freeze unfrozen bits [0,J-1] before encoder (based on the agreements on rate matching, sequence, etc. this is achieved automatically for the payload size of interest for PBCH)
3) Mapping coded bits [J, N-1] to truncated NR-PBCH BW which is the same as NR-SSS and NR-PSS with frequency first and time second
4) Mapping the remaining M-N+J coded bits to the remaining subcarriers with green color with frequency first and time second  
5) The subcarriers with yellow color in two OFDM symbols can be self-decoded as (384, K) puncture from (512, K)
The design supports self-decodable using the coded bits mapped to truncated BW which is the same as PSS and SSS and there is no any impact on the case of mapping all the coded bits in the full bandwidth. Soft-combining of multiple transmission within truncated BW is also supported. Therefore, the proposed mapping rule is easily implemented.
Performance evaluation
The BLER performance under AWGN channel using QPSK is depicted in Figure 4 and Figure 5 for list size of 1 and 8, respectively. The code sequence is from R1-1712174 and the rate-matching scheme is from R1-17115000. It is seen that proposed PBCH design supports self-decodable and soft-combining very well and the FAR is identical to the theoretical value.
 [image: ]
Figure 4. BLER performance for soft-combination with list size of 1
 [image: ]
Figure 5. BLER performance for soft-combination with list size of 8
 [image: ]
Figure 6. FAR for CA-SCL decoding with list sizes of 1 and 8
Observation 1:  the proposed PBCH design supports self-decodable and soft-combining very well and the FAR is identical to theoretical value.
Proposal 1: Adopt the proposed design of Polar codes for PBCH.
Conclusions
Observation 1:  the proposed PBCH design supports self-decodable and soft-combining very well and the FAR is identical to theoretical value.
Proposal 1: Adopt the proposed design of Polar codes for PBCH.
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