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Introduction
In RAN1#88bis meeting regarding transmission schemes for NR PBCH, the following agreement was reached [1]
Agreements:
· PBCH BW: 288 subcarriers, 2 OFDM symbols (additional symbols if MIB size larger than assumed).
· PBCH phase reference: DMRS.
· PBCH TTI: 80 msec.

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 RAN1#88, the related NR-PBCH transmission schemes were specified as follows [2],
Agreements:
· RAN1 targets design of NR PBCH to be no larger than [100 bits] and no less than 40 bits including CRC.
· This simply provides guidance for potential minimum and maximum value.

In this contribution, we will firstly provide our proposed payload of NR-PBCH, The evaluation results are shown for the selection of a fixed single port transmit diversity scheme and self-contained reference signal design for NR-PBCH.

Discussion
Contents and payload
According to RAN1 agreements, part of minimum system information is transmitted in NR-PBCH, at least including SFN and CRC. The remaining minimum system information is transmitted on NR-PDSCH scheduled by NR-PDCCH. In RAN1#88bis, PBCH with 576 REs (288 REs on two symbols) was agreed to have compatible coding gain as that in LTE. 576 REs for NR-PBCH is about twice capacity of LTE. However, the contents in NR-PBCH might be more than twice of that in LTE. Table I shows the potential contents of NR-PBCH. 

Table I: The potential contents and payload of NR-PBCH

	NR-PBCH IEs
	Size(bits)

	SFN/HSFN
	[12]

	System bandwidth
	[5]

	Value tag or Validity fields
	[1]

	Time index of SS block
	[15]

	Frequency Location of SS Block
	[9]

	Configuration Information of CCRS
	[9]

	Indication of TDD/FDD mode
	[1]

	Access/cell barring information
	[1]

	Spare
	[11]

	CRC
	[16]

	Total
	[80]



SFN/HSFN
RAN2 has already responded LS to RAN1 and stated that the total number of bits required for SFN would be 18 bits if NR considers both SFN and HSFN. But we consider at most 12-bit SFN as the starting point for discussion. If RAN2 decides to extend the SFN to more than 12 bits, we could use the sparing bits for that. Furthermore, SFN bitwidth can be compressed when multiplexing with time index of SS block and SS periodicity is considered.

System bandwidth
RAN1 had decided that flexible system bandwidth is supported ranging from 5-400MHz. If the supported bandwidth granularity is defined with incremental of 5, 10 or even 20 MHz, we may end up with between 20 to 80 different bandwidth configurations.  To reduce UE implementation complexity, the system BW could be limited to smaller subset, such as {5, 10, 20, 40, 80, 100, 160, 200, 240, 320, 400} MHz, based on operators’ available spectrum and principle of power of 2. Hence, 5 bits payload for system BW is sufficient to cover all numerologies.

Value tag or Validity fields
It is necessary of one bit value tag in NR-PBCH reflecting any change in minimum SI. This would assist IDLE mode UEs in determining further decoding the desired system information after wakeup from DRX cycles for power saving purpose. 

Time index of SS block
The time index of SS block is the timing offset relative to the radio frame boundary of each beam in multi-beam configuration. From our system analysis of the time index in [3], the time index could include the subframe number within 80 ms NR-PBCH TTI to indicate the subframe offset with respect to the radio frame boundary of NR-PBCH.  Each 1 ms subframe would consist of up to 252 OFDM symbols for subcarrier spacing 240 kHz. This time index design provides ultimate flexibility in the implementation of allocation of SS-block for any numerology without any limitation. Thus, the time index is represented by 7-bit subframe number with respect to the starting radio frame boundary of 80 ms NR-PBCH TTI and 8-bit symbol number within the subframe.  Therefore, total of 15bits is needed to cover the time index of SS block.

Frequency Location of SS Block
The Frequency Location of SS Block is up to the Sync Raster that would be decided by RAN4. However, the common view of Sync Raster is k*12*SCS, which is multiple of PRBs. Since we agree to have maximum number of PRBs around 3300 or 6600, the number of bits for Sync Raster should be at least 9 bits (k=6 with 512 frequency location off central frequency).

Configuration Information of CCRS
RAN1 has decided that NR-PDSCH carrying the remaining minimum system information is scheduled using NR-PDCCH and NR-PBCH provides configuration information for the NR-PDCCH scheduling the NR-PDSCH carrying the remaining minimum system information. The indication of the resource allocation of Common Control Resource Set, such as time/frequency resource allocation, would be included in NR-PBCH. Similar to indication of frequency location of SS-block, 9 bits should be used for the indication of the configuration Information of Common Control Resource Set.

Indication of TDD/FDD mode
The determination of TDD/FDD mode is needed in NR-PBCH for flexible duplexing. Examples in LTE show that some FDD DL and TDD bands are overlapped or partially overlapped at different regions. In LTE, UE determines the carrier FDD or TDD implicitly based on the operating frequency band and the relative location between PSS, SSS and PBCH. In NR, it was agreed that SS block structure is common between FDD and TDD. Therefore, explicit indication of TDD/FDD mode is necessary. 

Access cell barring information
1-bit access cell barring information is needed in NR-PBCH. From NW perspective, it is essential to have an indication for access permission for balancing the system load and restricting selecting group of UEs in accessing the NW. The access cell barring information would help UE power saving by providing the access information for UE to decide to further obtain system information of the detect cell.

Spare
NR may need to keep this not only for forward compatibility but also for octet aligned of the total bits. 

CRC
The addition NR-PBCH content is the number of CRC bits as determined by more than one aspect. The CRC length is determined by the payload size with target missed detection and false alarm probabilities required for NR. Number of CRC bits and CRC polynomial should be determined along with channel coding scheme in channel coding section. We consider 16-bit CRC as the starting point.
Above all, we can provide our proposal toward the contents and payload of NR-PBCH.
Proposal 1: The NR-PBCH should at least include follow contents,
· SFN/HSFN [12]
· System bandwidth [5]
· Value tag or Validity fields [1]
· Time index of SS block [15]
· Frequency Location of SS Block [9]
· Configuration Information of CCRS [9]
· Indication of TDD/FDD mode [1]
· Access/cell barring information [1]
· Spare [11]
· CRC [16]
Transmission scheme
According to work assumption in [1], For NR-PBCH transmission, NR supports a single antenna port based transmission scheme only. 
In this section, we will evaluate and compare transmission themes between one-port based precoder cycling and one-port SCDD. In our simulation evaluation, the following four schemes are involved.
· Scheme 1: Frequency-domain precoder cycling. Rank 1 RB-level precoding vectors are cycled in every RB.
· Scheme 2: Small-delay cyclic delay diversity (SCDD). SCDD is applied according to [4] without precoding vector.
· Scheme 3: Time-domain precoder cycling. For the evaluation of time-domain precoder cycling, the four precoding vectors are used in four different transmission versions of NR-PBCHs.
· Scheme 4: Frequency-domain precoder cycling, Rank 1 RB-level precoding vectors are cycled in every 6 contiguous PRBs.

From our simulation results in section 2.3, 4 REs DMRS per RB per symbol (example as in Figure 2(b)) is used for reference signal of NR-PBCH.
As shown in Figure 1, one-port RB-level precoding cycling with cycling in every 6 contiguous PRBs performs better than other one-port transmission schemes at low Doppler with UE speed at 3 km/h. For scheme 1, the precoding of each PRB is different. Therefore, channel interpolation is limited at each PRB instead of the interpolation across the whole bandwidth of NR-PBCH. However, for scheme 4, channel interpolation is need cross over 6 PRBs. Hence, the performance of channel estimation is improved. The performance of scheme 3 is better than that of scheme 1. For scheme 3, the four precoding vectors are used in four different transmission versions of NR-PBCHs every 20ms within 80ms TTI. Furthermore, the channel interpolation of scheme 3 is performed across the whole bandwidth of NR-PBCH compared to that limited at each PRB in scheme 1. For scheme 2, SCDD performs more diversity than others but channel interpolation is limited to phase estimation error.

Observation 1: The one-port RB-level precoding cycling with cycling in every 6 contiguous PRBs performs better than other one-port transmission schemes.
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Figure 1 Performance of comparison on different NR-PBCH one-port transmission schemes

[bookmark: _Ref481566168]DMRS for NR-PBCH
In RAN1#88bis meeting, self-contained DMRS has been agreed as demodulation reference for NR-PBCH.
To enhance channel estimation accuracy self-contained RS are embedded in the NR-PBCH block. As one-port transmission diversity scheme is used as PBCH transmission scheme, different DMRS can be allocated in FDM and/or TDM manner. At the low SNR work region, channel estimation accuracy is the dominant factor of the PBCH demodulation performance. While the resources of NR-PBCH are fixed at 576 REs, it is a trade-off between self-contained RS density and effective coding rate of NR-PBCH. In order to evaluate the trade-off between channel estimation performance and channel coding gain, we compare the PBCH decoding performance with different DMRS density. In this simulation, the design pattern of self-contained DMRS is shown in Figure 2 based on single port transmission scheme and the principle of multiple/sub-multiple of 6-RE distance between DMRS REs. 



(a) 1RE-DMRS                   (b) 2RE-DMRS                 (c) 4RE-DMRS                   (d) 6RE-DMRS
Figure 2 An example of self-contained RS as DMRS of NR-PBCH demodulation

As seen in Figure 3, the PBCH BLER performance of 4RE-DMRS per symbol per RB is better than that of 1RE-DMRS and 2RE-DMRS due to better accuracy in channel estimation. The performance of 6RE-DMRS per symbol per RB is worse than that of 4RE-DMRS because the performance loss from the increasing coding rate outweighs the performance gain from the improved channel estimation accuracy. Therefore, the performance of 4RE-DMRS per symbol per RB is better than that of other DMRS densities.
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Figure 3 Performance of comparison on different self-contained RS density of NR-PBCH 

Observation 2: The performance of 4RE-DMRS per symbol per RB is better than that of other densities.
Conclusion
In this contribution, we propose the contents and its payload size included in NR-PBCH. We further provide some analysis and performance evaluation of two one-port transmit diversity schemes for NR PBCH and DMRS design. We have the following proposals and observations,

 Proposal 1: The NR-PBCH should at least include follow contents,
· SFN/HSFN [12]
· System bandwidth [5]
· Value tag or Validity fields [1]
· Time index of SS block [15]
· Frequency Location of SS Block [9]
· Configuration Information of CCRS [9]
· Indication of TDD/FDD mode [1]
· Access/cell barring information [1]
· Spare [11]
· CRC [16]

Observation 1: The one-port RB-level precoding cycling with cycling in every 6 contiguous PRBs performs better than other one-port transmission schemes.

Observation 2: The performance of 4RE-DMRS per symbol per RB is better than that of other densities.
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Appendix

Table Ⅱ: Simulation assumptions for NR-PBCH
	Attributes
	Value or assumptions

	Carrier Frequency
	4 GHz

	Channel Model
	TDL-C, 100ns

	Subcarrier Spacing(s)
	15kHz

	Frequency resource
	24PRB

	Time resource
	2 OFDM symbols

	UE speed
	3 km/h 

	Antenna Configuration
	2Tx2Rx

	Transmission theme
	a) 1-port precoder cycling
b) SCDD

	DMRS
	a) Self-contained DMRS

	Channel coding scheme
	LTE TBCC

	Periodicity
	20ms with PBCH block size of 80 ms

	Payload size
	80bits (including CRC)

	Channel estimation
	MMSE2D

	Performance Target
	1% BLER @ -6dB (average received SNR)
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