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1. Introduction
In this contribution, we discuss some of the remaining details related to NR-PBCH. In particular, we confirm several working assumptions (WAs) made in the last meeting [1].

2. Confirmation of the WAs
The list of WAs regarding the remaining details of NR-PBCH from the previous meeting is provided below:
	· (working assumption) NR-PBCH has a payload size of 56 bits (including CRC)
· (working assumption) For PBCH 1st scrambling initialization, clarify that C_init = N^cell_ID
· (working assumption) 4-bit PRB grid offset is carried by NR-PBCH



To confirm the first two WAs, we ran a number of simulations. The obtained results for single cell and two cells scenario are provided in Figure 1 and Figure 2, respectively.
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	(a) SCS = 15 kHz	(b) SCS = 30 kHz
[bookmark: _Ref485424803]Figure 1. Single cell scenario.
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	(a) SCS = 15 kHz	(b) SCS = 30 kHz
[bookmark: _Ref498710209]Figure 2. Two cells scenario. SIR = 0 dB.

After analyzing the results, especially for two cells case, we haven’t found any significant issues with the 1st and the 2nd scrambling initialization based on Cell ID, i.e., . Combining of multiple PBCH instances from different SS burst sets provides significant reduction in the BLER without error floor, which can be observed otherwise, i.e., when the interference randomization doesn’t work.
Although less number of bits in the PBCH payload provides better PBCH decoding performance, as can be seen comparing the BLER curves for 48 and 56 bits payload, the acceptable performance can be achieved when the size of PBCH payload is 56 bits by performing accumulations of multiple PBCH instances and further combining. Based on simulation results provided above we can confirm the WA on scrambling initialization.
Proposal 1:
· Confirm the WA of “for PBCH 1st scrambling initialization, clarify that C_init = N^cell_ID”

Additionally, the subcarrier offset parameter in PBCH currently occupies 4 bits and is required when the channel raster is 100 kHz and SS/PBCH uses 30 kHz subcarrier spacing, and when the channel raster is subcarrier based (i.e. either 15 kHz or 60 kHz). If the subcarrier offset parameter in PBCH is units of subcarrier spacing of SS/PBCH, 12 values (4 bits) is sufficient to represent the PRB alignment between the channel and SS/PBCH. Therefore, we would like to confirm the WA made in the previous RAN1 meeting on the 4 bits of PRB grid offset.

Proposal 2:
· Confirm the WA of “4-bit PRB grid offset is carried by NR-PBCH”

3. Treatment of SS/PBCH Block Index, HF, and 3 LSB of SFN in PBCH

For NR-PBCH it was agreed that TTI is equal to 80 ms. However, the actual NR-PBCH payload changes more frequently due to the timing-related information included, i.e., half frame (HF) indicator, 3 MSB of SS/PBCH block index and 3 LSB of SFN. It potentially may create some confusion to the interfaces with higher layers. To avoid that, it’s proposed to split the PBCH payload into timing related and non-related parts. The non-timing related part is provided by RRC and doesn’t change within 80 ms. Thus, we keep TTI = 80 ms for it. The timing-related part (HR, 3 MSB of SS/PBCH block index and 3 LSB of SFN) is added to the bit stream at the physical layer.
[bookmark: _GoBack]Proposal 3:
· Define the 3 MSB of SS/PBCH block index (or 3 reserved bits in FR1), 1 bit half radio frame index, 3 LSB of SFN from the PBCH payload as physical layer generated signals. The rest of the PBCH payload will be provided by upper layers with 80 msec TTI.

4. Clarification on 1st scrambling for NR-PBCH
Current agreements on the 1st scrambling for NR-PBCH payload leads to the following scrambled and non-scrambled parts:
· Scrambled: Non-timing related info + 1st LSB of SFN;
· Non-scrambled: 2nd/3rd LSBs of SFN + HF + 3 MSBs of SS/PBCH block index.

One motivation to leave at least 3 MSBs of SS/PBCH block index unscrambled was the possibility to combine multiple SS/PBCH blocks belonging to the same SS burst set with a possibility of optimizing the polar code construction for PBCH. However, the channel coding session has concluded and agreed to use the same polar code construction for PDCCH and PBCH.
At the same time, the 1st scrambling for NR-PBCH is based only on the Cell ID and the 2nd/3rd LSBs of SFN. Based on that, we propose to leave only the 2nd/3rd LSBs of SFN unscrambled and scramble all the rest of the PBCH payload. This would lead to a consistent design for both frequency range 1 and 2 and would simplify specification.
Proposal 4:
· For the 1st scrambling of NR-PBCH, leave only the 2nd/3rd LSBs of SFN unscrambled and scramble all the rest of the PBCH payload.



5. Conclusions
In this contribution, we discussed the remaining design aspects of physical broadcast channel. Below, all our proposals are summarized:
Proposal 1:
· Confirm the WA of “for PBCH 1st scrambling initialization, clarify that C_init = N^cell_ID”

Proposal 2:
· Confirm the WA of “4-bit PRB grid offset is carried by NR-PBCH”

Proposal 3:
· Define the 3 MSB of SS/PBCH block index (or 3 reserved bits in FR1), 1 bit half radio frame index, 3 LSB of SFN from the PBCH payload as physical layer generated signals. The rest of the PBCH payload will be provided by upper layers with 80 msec TTI.

Proposal 4:
· For the 1st scrambling of NR-PBCH, leave only the 2nd/3rd LSBs of SFN unscrambled and scramble all the rest of the PBCH payload.
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