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Introduction
The agreements and working assumption on NR-PBCH in the last meeting [1] are as follows:
	Agreements:
· Time index indication: PBCH conditioned that mobility and HO related requirements can be met 
· Note: RAN1 assumes that RAN2 will check against to RAN2 requirements
· PBCH BW: 288 subcarriers, 2 OFDM symbols (additional symbols if MIB size larger than assumed)
· PBCH phase reference: DMRS
· PBCH TTI: 80 msec




	Working assumption:
· For NR-PBCH transmission, NR supports a single antenna port based transmission scheme only. 
· FFS: Same or different antenna port(s) are defined for NR-PSS, NR-SSS and NR-PBCH within an SS block
· Companies are encouraged to further evaluate NR-PBCH performance

Agreements:
· RAN1 strives to supports combining NR-PBCH
· The different options to be considered:
· Across SS Burst Set
· Within SS Burst Set 
· Within subset of an SS burst set, e.g. within an SS burst, within a number of slot(s) etc.




In addition, the following work plan for NR-PBCH has been made.
	Conclusions:
· For NR-PBCH,
· Following remaining issues need to be finalized in the next meeting
· Transmission scheme 
· Including antenna port relationship to NR-PSS and NR-SSS
· DMRS design
· Time index indication signaling 
· Content and corresponding payload
· Estimate
· Channel coding
· Mapping of NR-PBCH to SS blocks within NR-PBCH TTI
· Followings remaining issues need to be finalized by Nov. meeting
· Delivery of remaining system information
· Note that all RRC related aspects need to be finalized by Oct. meeting




The remaining issues on the design of NR-PBCH such as transmission scheme, DMRS design, time index indication signalling, and so on should be finalized within this meeting. Therefore, in the contribution, we introduce our observations and proposals regarding the remaining issues based on the above agreements and working assumption.

Design of NR-PBCH
PBCH mapping within an SS block
Since different bandwidth between NR-PSS/SSS and NR-PBCH, and self-contained DMRS for NR-PBCH are already agreed, we do not see clear necessity and benefit to allocate two NR-PBCH symbols in distant OFDM symbols. We prefer to allocate two NR-PBCH symbols in contiguous OFDM symbols in order to improve channel estimation performance. The detail mapping of NR-PBCH can be found in our companion contribution [2].

Proposal 1: Allocate two NR-PBCH symbols in contiguous OFDM symbols

Transmission scheme
Even though a single antenna port based transmission scheme has been agreed, the detail scheme is not decided yet. In this section, we will evaluate and compare two schemes which correspond to one port based transmission schemes.
· Frequency domain Precoder Cycling (FPC): 
Precoder matrices  are applied in four different frequency locations. Same precoder matrices between different radio frames where NR-PBCH is transmitted are applied.
· Time domain Precoder Cycling (TPC)
Precoder matrices  are cycled over four different radio frames. Within a radio frame where NR-PBCH is transmitted, same precoder matrix is applied in entire frequency region.

Figure 1 shows the performance comparison between FPC and TPC. The coherent combining over 80ms TTI is used to evaluate BLER performances in the worst case. NR-SSS is not used for channel estimation since the transmission bandwidths are different each other and FPC is not applicable to NR-SSS. The simulation assumptions and additional simulation results can be found in Appendix. Mostly TPC has better performance than FPC thanks to better channel estimation performance. In addition, in case of TPC, additional channel estimation gain using NR-SSS could be obtained if same antenna port is used for both NR-SSS and NR-PBCH. As a conclusion, we prefer the time domain precoder cycling as the one port based transmission scheme. In Figure 1, it is shown that up to 100 bits payload size including 16 bits CRC can satisfy the performance requirement (1% BLER at -6dB) [3] thanks to the larger number of REs than LTE.
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[bookmark: _Ref481511461]Figure 1. BLER performance of NR-PBCH with frequency and time domain precoder cycling

Proposal 2: Time domain precoder cycling as the one port based transmission scheme for NR-PBCH

DMRS
In this section, we will evaluate the BLER performance according to the density of DMRS


[bookmark: _Ref478046790]Figure 2. Examples of DMRS patterns with different density
Figure 2 shows the examples of DMRS patterns with different density. As the density is increased, the channel estimation performance is also improved. However, the channel coding gain will become worse due to decreasing number of REs for data.
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[bookmark: _Ref481513087]Figure 3. BLER performance of NR-PBCH with different density of DMRS
Figure 3 shows the performance results according to the density of DMRS. Three DMRS per RB shows better performance than two DMRS per RB regardless of payload size. However, the performance gap between two and three DMRS are about 0.1~0.3 dB only. In case of four DMRS per RB, the performance becomes worse than two DMRS per RB case due to loss of channel coding gain. The high density of DMRS increases the channel estimation complexity, but it provides higher estimation accuracy. In addition to that, if the additional sequence for time index indication is introduced and scrambled on top of NR-PBCH DMRS, the higher density of DMRS leads the longer sequence for time index indication. Unlike NR-SSS/PBCH, soft-combining of the sequence for time index indication is not preferable, therefore, one-shot detection performance of the sequence should be high enough so that the detection performance of time index indication will not be the bottleneck of the performance of initial access. Even though three DMRS per RB only has slight performance gain, it provide capability of longer sequence length for time index indication if applicable.

Observation 3: Two or three DMRS per RB has better BLER performance than four DMRS per RB. Three DMRS per RB provides capability of longer sequence length for time index indication than two DMRS per RB if additional sequence is introduced and scrambled for time index indication of SS block on the top of NR-PBCH DMRS.

[bookmark: _GoBack]By using self-contained DMRS, the performance of NR-PBCH becomes robust to residual frequency offset. Figure 4 shows BLER performances with 10% of subcarrier spacing (1.5 kHz) frequency offset. With the self-contained DMRS, the performance requirement is still satisfied in the presence of the high residual frequency offset. The self-contained DMRS can be also used for fine frequency tracking.
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[bookmark: _Ref481581282]Figure 4. BLER performances with residual frequency offset
Observation 4: With the self-contained DMRS, the robustness to residual frequency offset can be achieved as shown in Figure 4.

Additional simulation results can be found in Appendix.

Summary
In this contribution, we made the following proposals and observations.
Proposal 1: Allocate two NR-PBCH symbols in contiguous OFDM symbols
Proposal 2: Time domain precoder cycling as the one port based transmission scheme for NR-PBCH
Observation 3: Two or three DMRS per RB has better BLER performance than four DMRS per RB. Three DMRS per RB provides capability of longer sequence length for time index indication than two DMRS per RB if additional sequence is introduced and scrambled for time index indication of SS block on the top of NR-PBCH DMRS.
Observation 4: With the self-contained DMRS, the robustness to residual frequency offset can be achieved as shown in Figure 4.
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Appendix A. Detection performance evaluations
In this appendix, we provide simulation assumptions and additional simulation results.
[bookmark: _Ref471738701]Table 1. Simulation assumptions
	Parameters
	Values

	Carrier frequency
	4GHz

	Subcarrier spacing
	15kHz

	System bandwidth
	3.84MHz (15kHz x 256)

	Channel
	CDL-C (100ns)

	Payload size
	60, 80, 100 bits including 16 bits CRC

	PBCH periodicity
	20ms

	Number of Tx/Rx antennas
	2 x 2

	Transmission scheme
	Time and frequency domain precoder cycling

	Channel estimation
	Real channel estimation

	Modulation
	QPSK

	Channel coding
	TBCC

	Frequency offset
	10% of subcarrier spacing



[image: ]
Figure 5. BLER performance of NR-PBCH with frequency and time domain precoder cycling
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Figure 6. BLER performance of NR-PBCH with frequency and time domain precoder cycling
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Figure 7. BLER performances with residual frequency offset
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Figure 8. BLER performances with residual frequency offset
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