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Introduction
In RAN1 90bis [1], it was agreed and clarified that time index is transmitted explicitly and that PBCH and PDCCH use the same coding scheme:
Agreement from RAN1#89:
· Polar coding is adopted for NR-PBCH
· Using same polar code construction as for the control channel
· Nmax = 512

Clarification of the above agreement: 
· Reuse Polar code design of PDCCH, i.e., 24-bit D-CRC with the associated interleaver.

Agreement: 
· Working assumption from RAN1#89 is confirmed, that the data, including time index if carried by NR-PBCH, is transmitted explicitly	

The next steps are to study placement of PBCH fields that could lead to desirable properties:
Next steps: 
Study further until RAN1#91 the order of the PBCH fields, considering whether one or more PBCH fields that have known bit values in certain scenarios are placed in a specific order to enable potentially improved PBCH decoder performance/latency (with the CRC being calculated based on the order of the payload after this ordering)
· Examples of field(s) to be considered in particular include:
· SS block time index;
· SFN bits (e.g. for handover cases when the SFN is known a priori);
· reserved bits
· Note that backward compatibility problems in future releases should be avoided. 

In this contribution, we discuss placement of the PBCH fields.
PBCH Field Placement
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 (those bits are reserved in sub-6). 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.
The SYNC signal 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.
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 treating all other MIB information as frozen bits. In this case, it may be helpful to place SSID in the most-reliable locations to improve decoding performance. 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).
Observation 1: placing MIB, except SSID, in the least reliable positions can improve decoding performance in connected-mode handover when MIB information is obtained from serving cell.
In a synchronous network, all cells are syncrhonized to the same system frame number (SFN). During handover in such networks, using the known SFN as frozen bits improves decoding performance if the SFN is placed is the least reliable bit locations.
Observation 2: placing the SFN in the least reliable bit locations can improve decoding performance during handover in synchronous networks.
The RAN1 agreements state the the same coding scheme as PDCCH is to be used for PBCH, including the distributed CRC. Therefore, bit locations both in terms of decoding order and reliablity are defined after the CRC interleaving. This requires an additional interleaving step when assemling and parsing the PBCH payload, either in the PHY or MAC.
Observation 3: special placement of PBCH payload bits requires an additional interleaving step to account for the CRC interleaver.
Conclusions
Observation 1: placing MIB, except SSID, in the least reliable positions can improve decoding performance in connected-mode handover when MIB information is obtained from serving cell.
Observation 2: placing the SFN in the least reliable bit locations can improve decoding performance during handover in synchronous networks.
Observation 3: special placement of PBCH payload bits requires an additional interleaving step to account for the CRC interleaver.
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