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1
Introduction
An objective of the 5G study item [1] is to identify and develop technology components needed for new radio (NR) systems being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2].

In this contribution we discuss about NR-PBCH design. RAN1#86bis made the following agreements related to NR-PBCH design:

	Agreements:
    …

· NR defines at least one broadcast channel: NR-PBCH

· NR-PBCH decoding is based on the fixed relationship with NR-PSS and/or NR-SSS resource position irrespective of duplex mode and beam operation type at least within a given frequency range and CP overhead
· FFS: Unlicensed spectrum case
· FFS relationship between NR-PBCH subcarrier spacing and NR-PSS and/or SSS subcarrier spacing

· Following broadcasting schemes to carry essential system information can be considered

· Option 1: NR-PBCH carries a part of essential system information for initial access including information necessary for UE to receive channel carrying remaining essential system information

· Option 2: NR-PBCH carries minimum information necessary for UE to perform initial UL transmission (not limited to NR-PRACH) in addition to information in Option 1

· Option 3: NR-PBCH carries all essential system information for initial access

· Other options are not precluded
…

Agreements:
· PSS, SSS and/or PBCH can be transmitted within a ‘SS block’

· FFS: details how to compose PSS, SSS and/or PBCH

· Multiplexing other signals are not precluded within a ‘SS block’

· One or multiple ‘SS block(s)’ compose an ‘SS burst’

· FFS: Number of ‘SS block(s)’ (defined as duration of ‘SS burst’)

· FFS: whether or not ‘SS block(s)’ are consecutive
· FFS: whether or not ‘SS block(s)’ within a ‘SS burst’ are the same
· FOne or multiple ‘SS burst(s)’ compose a ‘SS burst set’

· FFS: Periodicity and the number of ‘SS burst’ within a SS burst set

· Number of SS bursts within a SS burst set is finite.
· FFS: Transmission instances of ‘SS burst set’ 
· E.g., periodic/aperiodic transmission of SS burst sets.


2
PBCH design
NR cell may operate using single-beam and multi-beam configuration. Further, the cell may comprise one or multiple TRPs each of which may be capable of forming one or multiple beams at a time. Single-beam operation refers to configuration where TRP uses sector wide beam for SS block transmission and multi-beam operation refers to configuration where TRP uses narrow beams for SS block transmissions. 

NR-SSs and NR-PBCH in SFN manner from one or multiple simultaneous beams from one or multiple TRPs in the cell. Per RAN1#86bis agreements, NR-PBCH is part of the SS block. NR-PBCH is to provide essential system information for UEs for initial cell access. In order to support efficient beam sweeping the NR-PBCH time domain allocation should be minimized. 
2.1
Transmission Method

The same transmission method for NR-PBCH in single-beam and multi-beam cases would be preferred to enable UE to detect and demodulate NR-PBCH without knowing the beam configuration in the cell. As a baseline we consider 2-port SFBC where simultaneous beams of the cell are virtualized to two ports in the case of cell operates with more than two simultaneous beams. SFBC is seen as most promising TX diversity scheme as it is possible to get full diversity within one symbol. 

It’s assumed that NR cell will have at least two transceiver units (TXRU). The following figure illustrates in high level how single-beam with 2 TXRUs and multi-beam with 2, 4, and 8 TXRUs configurations would transmit NR-PBCH by virtualizing simultaneous beams to 2-port SFBC. BRSs refer to beam reference signals expected to be transmitted along side SS block at least in multi-beam configurations. 
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Figure 1 Single NR-PBCH transmission method for different BS configurations.
Proposal 1: 2-port SFBC as baseline for NR-PBCH transmission method.

2.2
On NR-PBCH content

As discussed above, the NR-PBCH being part of SS block should have a compact size in order to support efficient beam sweeping operation. That is achieved if SS block length in time is short. Further, target is to have a comparable reception performance compared to LTE. In Table 1 we provide our view on possible NR MIB parameters. LTE and NB-IoT MIBs are shown in Appendix B as a reference. On the need of beam configuration signalled in MIB is discussed in [3] and one the need of extension of Physical Cell ID in [4]. 
Table 1 NR MIB parameters
	Master information block

	Parameter
	Estimated Size /bits
	Comment reasoning

	SFN
	8
	Provides system frame number of the cell.

	Extended Physical Cell ID
	8
	Extension of Physical cell ID 

	Beam TX period
	2
	Defines part of the beam configuration in multi-beam (e.g. number of SS bursts within one SS burst set)

value1, value2, value3, value4

	NR-SIB scheduling
	2
	Defines how to receive NR-SIB in the cell

not broadcasted, value1,  value2, value3

	Spare
	4
	

	Total
	24
	


2.3
NR-PBCH structure

As discussed above the SS block should be short in time, thus striving towards FDM multiplexing between NR-SSs and NR-PBCH. In [5] we provide our SS block structure design. In short, NR synchronization signals NR-PSS, NR-SSS and NR-TSS are transmitted within one symbol with the following sequence lengths:

	Synchronization Signal
	Sequence length

	NR-PSS
	127

	NR-SSS
	127

	NR-TSS
	63


NR synchronization signals bandwidths would be correspondingly as follows: 

	Synchronization Signal
	15 kHz SCS
	60 kHz SCS

	NR-PSS
	2 MHz
	8 MHz

	NR-SSS
	2 MHz
	8 MHz

	NR-TSS
	1 MHz
	4 MHz


For the case when transmission bandwidth for SS block is 5 MHz, TDM multiplexing needs to be considered. Thus, one exemplary design for 5 MHz transmission bandwidth and 15 kHz SCS is depicted in Figure 2. PBCH allocation is 24 PBRs and each PRB has four DMRS REs. FDM multiplexing is considered as one example between DMRS ports. DMRS sequences are cell specific and derived from PCI read from NR-PSS and NR-SSS. 
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Figure 2 PBCH in SS block for 5 MHz transmission bandwidth and 15 kHz subcarrier spacing.

Observation 1: TDM between NR synchronization signals and NR-PBCH is needed for 5 MHz transmission bandwidth option. 
Proposal 2: Support TDM between NR synchronization signals and NR-PBCH for 5 MHz minimum transmission bandwidth option.
We performed initial simulation results comparing one and two symbol NR-PBCH options for above design. The link simulation assumptions are provided in Appendix A, Table 2. 1 % BLER is achieved around -2.6 dB and -4.6 dB for one symbol and two symbol allocations, respectively.
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Figure 3 One vs two symbol NR-PBCH with 5 MHz trasnsmission bandwidth and 15 kHz SCS.
Observation 2: 2 symbol allocation provides around 2 dB better demodulation performance but increases SS block size by 50 %. 
For the case when transmission bandwidth for SS block is 80 MHz, FDM multiplexing is proposed. One exemplary design for 80 MHz transmission bandwidth and 60 kHz SCS is depicted in Figure 4. NR-PSS, NR-SSS and NR-TSS occupy the 20 MHz bandwidth and then PBCH and beam reference signals (BRSs) are multiplexed in FDM manner. Total occupied bandwidth for synchronization signals, PBCH and BRS would be up to 80 MHz. The design would allow wideband BRS which is considered to lead to better beam selection performance than narrowband BRS option. There could be e.g. up 8 BRS ports per symbol multiplexed in FDM and CDM manner (FFS). It should also considered whether BRSs REs could be used as demodulation RS for PBCH. There should be possible to multiplex more than two BRSs within one symbol to support higher number simultaneous beams in the cell than two. E.g. for 30 GHz carrier frequency range it’s envisioned that there should be support for at least 8 BRS ports within a symbol. In other words, SS block should support transmitting from more than two simultaneous beams at a time. 
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Figure 4 PBCH in SS block for 80 MHz transmission bandwidth and 60 kHz subcarrier spacing.
Proposal 3: Support FDM multiplexing between synchronization signals and PBCH for 80 MHz minimum transmission bandwidth option.

Proposal 4: Support FDM multiplexing beam reference signals in the same symbol with SS block.

Proposal 5: Support number of BRS antenna ports at least up to 8 within an SS block.

Proposal 6: SS block should support transmitting from more than two beams at a time.
3.4
NR-PBCH Combining
The similar design is assumed for NR-PBCH as in LTE for PBCH that the UE may soft-combine PBCH transmissions within a PBCH transmission period. That is enabled by taking 2 LSBs out of PBCH payload with 40 ms PBCH transmission interval and defining four possible phases for the PBCH scrambling code which is based on PCI to correspond these 2 LSBs. UE performs four separate decodings of PBCH using each of the four possible phases of the PBCH scrambling code. 

In single-beam operation, the similar principle as in LTE can be used. In multi-beam operation, each SS block transmitted via one or multiple beams in SFN manner xould convey the same NR-PBCH content. This would allow UE to try to combine NR-PBCHs received from different SS blocks within the SS burst and different SS blocks from different SS burts within the NR-PBCH transmission interval. 

Proposal 7: Study enabling UE to combine NR-PBCHs transmitted in different SS blocks within the same and in different SS burst within an NR-PBCH transmission interval.

4
Conclusions
In this contribution we discussed about NR-PBCH design. According to discussion the following observations and proposals are drawn:
Proposal 1: 2-port SFBC as baseline for NR-PBCH transmission method.

Observation 1: TDM between NR synchronization signals and NR-PBCH is needed for 5 MHz transmission bandwidth option. 
Proposal 2: Support TDM between NR synchronization signals and NR-PBCH for 5 MHz minimum transmission bandwidth option.

Observation 2: 2 symbol allocation provides around 2 dB better demodulation performance but increases SS block size by 50 %.

Proposal 3: Support FDM multiplexing between synchronization signals and PBCH for 80 MHz minimum transmission bandwidth option.

Proposal 4: Support FDM multiplexing beam reference signals in the same symbol with SS block.

Proposal 5: Support number of BRS antenna ports at least up to 8 within an SS block.
Proposal 6: SS block should support transmitting from more than two beams at a time.
Proposal 7: Study enabling UE to combine NR-PBCHs transmitted in different SS blocks within the same and in different SS burst within an NR-PBCH transmission interval.
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Appendix A – Link simulation assumptions
We simulated NR-PBCH demodulation performance to look at how many payload bits could be carried to have 1 % BLER at around -5 dB SNR. The simulation parameters are given in Table 1.
Table 2 Link simulation parameters for 5 MHz transmission bandwidth and 15 kHz SCS
	Parameter

	Value



	Carrier frequency
	4 GHz

	Beam configuration
	Single-beam

	Transmission method
	2-port SFBC

	Data REs per PRB per symbol
	8

	DMRS REs per PRB per symbol
	4

	Time domain allocation
	{1,2} OFDM symbols

	Frequency domain alloction
	24 PRBs

	Sub-carrier spacing
	15 kHz

	Channel model
	CDL-C 100 ns scaling

	UE speed
	3 km/h

	Channel coding
	Tail-biting convolutional code

	Payload size
	40 bits

	Channel estimation
	MMSE

	Receiver algorithm
	2 RX MRC


Appendix B – LTE and NB-IoT MIBs

LTE 

MasterInformationBlock
-- ASN1START

MasterInformationBlock ::=


SEQUENCE { 3bit


dl-Bandwidth





ENUMERATED {












n6, n15, n25, n50, n75, n100},


phich-Config





PHICH-Config,


systemFrameNumber




BIT STRING (SIZE (8)),


spare







BIT STRING (SIZE (10))

}

Total size 24

-- ASN1STOP

NB IOT

MasterInformationBlock-NB
-- ASN1START

MasterInformationBlock-NB ::=
SEQUENCE {


systemFrameNumber-MSB-r13

BIT STRING (SIZE (4)),

4 bits


hyperSFN-LSB-r13



BIT STRING (SIZE (2)),

2 bits


schedulingInfoSIB1-r13


INTEGER (0..15), 


4 bits


systemInfoValueTag-r13


INTEGER (0..31),


5 bits


ab-Enabled-r13




BOOLEAN,




1 bit


operationModeInfo-r13


CHOICE {




2 bits



inband-SamePCI-r13



Inband-SamePCI-NB-r13,

5 bits



inband-DifferentPCI-r13


Inband-DifferentPCI-NB-r13,
5 bits



guardband-r13




Guardband-NB-r13,


5 bits



standalone-r13




Standalone-NB-r13


5 bits


},


spare






BIT STRING (SIZE (11))


11 bits

}

Total size 














34 Bit

ChannelRasterOffset-NB-r13 ::= ENUMERATED {khz-7dot5, khz-2dot5, khz2dot5, khz7dot5}

Guardband-NB-r13 ::=


SEQUENCE {


rasterOffset-r13



ChannelRasterOffset-NB-r13,

2 bits


spare






 BIT STRING (SIZE (3))


3 bits

}

Inband-SamePCI-NB-r13 ::=

SEQUENCE {


eutra-CRS-SequenceInfo-r13

INTEGER (0..31)

}

Inband-DifferentPCI-NB-r13 ::=
SEQUENCE {


eutra-NumCRS-Ports-r13


ENUMERATED {same, four},
 
1 bits


rasterOffset-r13



ChannelRasterOffset-NB-r13,

2 bits


spare






BIT STRING (SIZE (2))


2 bits

}

Standalone-NB-r13 ::=


SEQUENCE {


spare






BIT STRING (SIZE (5))

}

-- ASN1STOP
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