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1 Introduction
In RAN1#88bis meeting, the following agreements are related to NR-PBCH design.
Agreements:
· PSS sequence length: 127 for frequency domain-based pure BPSK M sequence
· Note that PSS will be mapped to consecutive 127 subcarriers
· SSS sequence length: 127
· Subcarrier spacings for PSS/SSS for difference freq. ranges: 15kHz/30kHz for below 6 GHz, and 120kHz/240kHz for above 6 GHz
· Note: RAN1 assumes that RAN4 will decide it depending on frequency ranges
· SS burst set periodicity default value for initial cell selection: 20/20 msec
· Note that RAN1 assumes that RAN4 will investigate requirements
· 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) 
Agreements:
· NR-PDSCH carrying the remaining minimum system information is scheduled using NR-PDCCH.
· NR-PBCH provides configuration information for the NR-PDCCH scheduling the NR-PDSCH carrying the remaining minimum system information
· FFS if a part of configuration information can be derived by specification

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

In this contribution, we propose the NR-PBCH design from the following perspectives:
· NR-PBCH payload/size
· NR-PBCH transmission scheme (transmission scheme and antenna port)
· DMRS design (including multiplexing schemes, etc.)
2 NR-PBCH payload/size
RAN2 has already agreed that the minimum SI is always present and periodically broadcast at a cell, which comprises basic information required for initial access to a cell and information for acquiring any other SI broadcast periodically or provisioned via on-demand [1]. Considering the estimated size of at least 250bits required for the NR minimum SI for L2/L3 operation (L1 parameter not included yet), NR-PBCH carries only a part of minimum system information. This contribution focus on the MIB in NR-PBCH and the remaining minimum system information (RMSI) will be discussed in the companion contribution [2]. 
According to RAN1 agreements, part of minimum system information is transmitted in NR-PBCH, including SFN and CRC. NR-PDSCH carrying the remaining minimum system information is scheduled using NR-PDCCH. Therefore, NR-PBCH provides configuration information for the NR-PDCCH scheduling the NR-PDSCH carrying the RMSI.
TABLE 1 shows the potential contents of NR-PBCH. The size of each IE is very preliminary, but the overall payload size (including CRC) will be larger than 40bits of LTE MIB.
TABLE 1: Potential contents of NR-PBCH
	NR-PBCH IEs
	Size

	SFN
	[7]

	TRS configuration
	[3]

	Configuration for RMSI transmission
(e.g. freq. resource info, periodicity, etc.)
	[FFS]

	[Actual number of NR-SS blocks]
	[Up to 6]

	[Frequency location of NR-SS]
	[FFS]

	Spare
	[10]

	CRC
	[16]



· SFN (System Frame Number)
· Similar to LTE, RAN1 already assumes SFN with a frame length of 10 msec in NR and the NR-PBCH TTI is 80ms. Therefore, the common part of SFN, i.e., (SFN mod 8) is indicated in MIB by using 7bits. 
· FFS on how to indicate the timing of radio frames within the NR-PBCH TTI.
· Alt1: implicit indication, e.g., scrambling, RV/CRC, of 16-state 5ms within PBCH TTI
· Alt2: implicit indication of 4-state 20ms within PBCH TTI and SS block index-based timing indication within 20ms
· FFS on the HSFN indication.
· TRS configuration
· The removal of always-on CRS and introduction of wider bandwidth operation motivate the tool for fine time/frequency tracking over wider bandwidth (even for lower frequency). The more detailed discussion on the time/freq. tracking requirement for NR is in a companion contribution [3].
· For below6GHz, the tracking RS (TRS) is necessary especially when we try to achieve low latency of the synchronization before DL signal detection. The TRS configuration may include e.g., periodicity, timing offset, RS pattern, etc. In some special cases, the TRS can be switched off to save the network power consumption. For example, the TRS may not be necessary in case of the smaller system bandwidth. For the PDCCH and/or the SIBs signals with larger size than MIB, the low SINR requirement is still challenging considering the worst case of the cell-edge users. Also the residual CFO and high Doppler spread, e.g., 3.7kHz at 4GHz if 500km/h, requires TRS to achieve fine time/freq synchronization. Only using limited indication bits in NR-PBCH, e.g., less than 3bits, it allows the flexibility of semi-static TRS configuration. One example of TRS can be the level-1 CSI-RS as discussed in our companion contribution [3].
· For above6GHz: Similar to TRS for sub6GHz, the RS parameters are cell-specific, e.g., number of beams (or MRS blocks per MRS burst set), periodicity, and number of antenna ports. The RS is necessary for time-frequency fine tracking considering the increased CFO in higher carrier frequency. Considering these use cases, it would be beneficial to introduce minimal RS configuration in the early stage of initial access, i.e., in PBCH. 
· Configuration for the RMSI transmission:
· The RMSI is carried in PDSCH, similar to that of LTE SIB1 and SIB2. The scheduling information of scheduled PDSCH may change due to the variable SI payload size due to some optional fields. As per previous RAN1 agreement, an NR UE monitors for downlink control information in one or more “control resource set (formerly called control subband)”. The size of the control resource set in frequency domain is smaller than or equal to the carrier bandwidth (up to a certain limit). The NR-PBCH indicates the configuration of the control resource set, such as the frequency resource information (bandwidth, subbands, etc.) and possibly time resource information (periodicity, time offset, number of the symbols, etc.) with details in our companion contribution [2].
· Actual number of NR-SS blocks
· This information indicates the actual number of NR-SS blocks in a SS burst set, including whether the system is operated in single-beam or beam-sweeping mode as a special case. Assuming NR-SS blocks with beam sweeping, the UE in the coverage of one or several beams cannot detect all the transmitted NR-SS blocks. Always assuming the max number of NR-SS blocks is a waste of spectrum resources. Therefore, the total actual transmitted SS-blocks may be indicated in the early stage, e.g., in MIB, RMSI, for helping both CONNECTED and IDLE mode UE’s measurement and the timing of DL data/control reception, e.g., RMSI, in unused SS-blocks. Although it is possible for network to configure respective active/de-active NR-SS block, the SS block index with predefined location should not be changed accordingly. The actual number of SS blocks is the NR-SS block index range. The active/de-active configuration within this actual number/range of NR-SS blocks could be in a transparent way and the bitmap indication is not needed at least in limited MIB payload.
· Frequency location of NR-SS blocks
· Considering the sync band may not be in the middle of the carrier bandwidth in NR. The indication of its frequency location could be indicated in MIB if PBCH symbols have space.
· Spare
· In LTE Rel-8, 10 bits are reserved for future extension. Later in Rel-13, 5 bits are taken for eMTC SIB1 scheduling info.
· NR may need to keep this not only for future extension but also for octet aligned of the total bits. 
· CRC
· In LTE Rel-8, 16 bits are used for CRC.
· Further evaluation on the number of CRC bits may be needed if the estimated payload size of MIB for NR is much larger than that of LTE.
Proposal 1: Consider Table 1 as a starting point for potential contents of NR-PBCH.
1 
2 
3 NR-PBCH transmission 
3 
Signal multiplexing
Assuming TDMed consecutive 4 symbols of NR-PSS/SSS/PBCH, there are two alternatives shown in Fig. 1, where NR-SSS sequence of 127 length can be mapped on non-consecutive as Fig. 1(a) or consecutive as Fig. 1(b), respectively. Although the NR-PSS tone mapping is over a smaller BW, the RE power is boosted and zero tone mapping is necessary to be outside band. Therefore, the equivalent bandwidth of NR-PSS/SSS/PBCH is same as the minimum BW. The NR-SSS and NR-PBCH are next to each other and use same antenna port. Any increase of the DMRS overhead will sacrifice the resources for MIB transmission. In order to improve the channel estimation at very low SNR, the UE could assume the NR-SSS together with the DMRS for the NR-PBCH demodulation. For illustration, we assume 2RBs as GB and remaining 22RBs with 264REs available in PBCH.
· Alt1: 127-length NR-SSS sequence mapping on every two subcarriers 
· DMRS is IFDMed in PBCH symbols.
· DMRS sequence of 63-length is distributed in 22RBs per PBCH symbol.
· NR-SSS over 22RBs can be used for coherent detected of the DMRS sequence.
· Alt2: 127-length NR-SSS sequence mapping on consecutive subcarriers
· DMRS is IFDMed in PBCH symbols.
· DMRS sequence of 63-length is distributed in the center 11RBs of the two PBCH symbols.
· NR-SSS over 11RBs can be used for coherent detected of the DMRS sequence.
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Alt1						Alt2
Figure 1 IFDM of DMRS and PBCH

Without sacrificing the resources in PBCH for MIB, we propose to use multiple DMRS sequences for SS block timing index indication [4]. The NR-DMRS sequence(s) could be based on the m-sequence for sake of detection simplicity. On top of that, the NR-DMRS with different cyclic shifts to carry the hypotheses of the NR-SS block indices within a NR SS burst set. To differentiate the NR SS blocks per cell, the DMRS sequence is scrambled by using a PN sequence generated based on the cell ID, in a similar way as LTE.
Firstly, the NR-SSS is used for coherent demodulation of NR-DMRS sequences. The channel estimation is achieved based on the detected DMRS together with NR-SSS so that the NR-PBCH decoding is more robust against the noise and interference due to Doppler and CFO. More analysis and comparison is given in our companion contribution [4].
Proposal 2: The NR-DMRS IFDMed with NR-PBCH should be considered to indicate the NR-SS block indices.
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(a) Delay=100ns					(b) Delay=1000ns 
FIGURE 2 BLER performance of NR-PBCH with various DMRS overhead

FIGURE 2 shows the trade-off relationship between the DMRS overhead and NR-PBCH performance with same MIB payload for a fair comparison, where DMRS with known sequence is used for simualtion. Note that the guard band in the PBCH symbols should be reserved to avoid the interference from the multiplexed data if using different numerology. We assume 1RB on each side for guard band and there are 264REs available. More link-level simulation parameters can be found in Appendix A. Larger DMRS improves the channel estimation but the less remaining resources result in higher coding rate for MIB payload. 
Observation:
· 1/4 REs in NR-PBCH symbols for NR-DMRS can be used to achieve best PBCH performance with trade-off between channel estimation accuracy and PBCH coding rate.
Proposal 3: Around 1/4 REs in NR-PBCH symbols are used for NR-DMRS.

[image: ] [image: ]
(a) 4GHz with Delay=100ns				(b) 4GHz with Delay=1000ns 
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(c) 30GHz with Delay=30ns
FIGURE 3: BLER performance of NR-PBCH with various RS structures


FIGURE 3 compares the DMRS and DMRS+SSS for PBCH demodulation using multiplexing structure of Alt1 and Alt2 respectively. The SSS and PBCH use same 1-port precoder cycling as the transmission scheme and the 4-shot combining is used within PBCH TTI of 80ms. The 1/4 DMRS overhead is used for fair comparison. With known DMRS sequence, the DMRS+SSS further improves the PBCH detection by around 1dB on top of DMRS only. For 4GHz with larger delay spread, Alt1 is slightly better than Alt2 due to the larger SSS BW to estimate the selective fading channel in frequency domain. For 30GHz with small delay spread, the difference between Alt1 and Alt2 is marginal because of the less selective fading channel.
Observation:
· Compared with DMRS only, the NR-SSS together with DMRS achieves around 1dB improvement on NR-PBCH performance.
Proposal 4: Together with DMRS, the NR-SSS using same antenna port should be considered to improve the channel estimation of NR-PBCH demodulation.


Transmission schemes and the number of antenna ports 
In RAN1#88bis, the single antenna port based transmission scheme for PBCH only is agreed as working assumption. The use of tx diversity schemes is transparent to the UEs, which only observes single radio link with equivalent combined channel. In the simulation, we apply precoder cycling across SSS and PBCH symbols within each radio frames and change the precoder cycling parameters over multiple radio frames, such as [1 1]T, [1 -1]T, [1 j]T, [1 –j]T. 
The different tx diversity schemes are compared in FIGURE 4 for various moving speed. Here DMRS only is used for channel estimation. The other detailed simulation assumption is given in Appendix A. The 4-shot coherent combining over 80ms TTI for PBCH is used for the analysis of the worst-case in terms of coverage. From the comparison, we can see that the precoder cycling has already achieved sufficient diversity gain and the 1-port CDD only or the CDD to top of precoder cycling does not achieve further enhancement. 
The multi-frame precoding cycling does not change the relative phase within a NR-SS block. Based on simulation, we have confirmed no impact of the precoding cycling on the PSS/SSS detection in our companion contribution [5]. It is straightforward to use the same single-antenna port for NR-PSS, NR-SSS and NR-PBCH transmission.
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(a) v=3km/h				(b) v=120km/h
FIGURE 4: BLER performance of NR-PBCH with various Tx schemes

Proposal 5: Transparent tx diversity scheme on 1 antenna port (e.g., precoder cycling) is used for NR-PBCH transmission.
Proposal 6: UEs assume same antenna port for NR-PSS, NR-SSS, and NR-PBCH.

4 Conclusions
[bookmark: _GoBack]This contribution has investigated the remaining design issues related to NR system information delivery, and made the following observations and proposals.
Proposal 1: Consider Table 1 as a starting point for potential contents of NR-PBCH.
Proposal 2: The NR-DMRS IFDMed with NR-PBCH should be considered to indicate the NR-SS block indices.
Proposal 3: Around 1/4 REs in NR-PBCH symbols are used for NR-DMRS.
Proposal 4: Together with DMRS, the NR-SSS using same antenna port should be considered to improve the channel estimation of NR-PBCH demodulation.
Proposal 5: Transparent tx diversity scheme on 1 antenna port (e.g., precoder cycling) is used for NR-PBCH transmission. 
Proposal 6: UEs assume same antenna port for NR-PSS, NR-SSS, and NR-PBCH.
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Appendix A: Link-level Simulation Assumption for NR-PBCH 
Table A1: Evaluation assumptions 
	Parameters
	Below 6GHz

	Bandwidth
	7.65MHz

	Subcarrier spacing
	30kHz

	Carrier frequency
	4GHz

	FFT size
	512

	Delay spread
	100ns, 1000ns

	Modulation
	QPSK

	Antenna configuration
	2x2

	Period
	80ms / 4times repetition

	Tx scheme
	1-port precoder cycling

	Velocity
	3km/h, 120km/h

	Channel model
	TDL-C (mid corr)

	Channel estimation
	2D MMSE

	Channel coding
	1/3 TBCC

	CFO
	TRP: +/- 0.05 ppm, UE: +/- 0.1ppm



Table A2: Evaluation assumptions 
	Parameters
	Above 6GHz

	Bandwidth
	69.12MHz

	Subcarrier spacing
	240kHz

	Carrier frequency
	30GHz

	FFT size
	512

	Delay spread
	30ns

	Modulation
	QPSK

	Antenna configuration
	gNB: (4,8,2,1,1), HPBW=65°
UE: (2,4,2,1,2), HPBW=90°

	Period
	80ms / 4 times repetition

	Tx scheme
	1-port precoder cycling

	Velocity
	3km/h

	Channel model
	CDL-C

	Beam search
	Fixed beam (to boresight direction)

	Channel estimation
	2D MMSE

	Channel coding
	1/3 TBCC




image3.emf
SNR

-18 -17 -16 -15 -14 -13 -12 -11 -10 -9 -8

B

L

E

R

 

P

e

r

f

o

r

m

a

n

c

e

10

-2

10

-1

10

0

NR-PBCH evaluation, TDL-C(mid), PC, 3km/h, 100ns, 4 repetitions

DMRS only (Alt1,1/3)

DMRS only (Alt1,1/4)

DMRS only (Alt1,1/6)


image4.emf
SNR

-18 -17 -16 -15 -14 -13 -12 -11 -10 -9 -8

B

L

E

R

 

P

e

r

f

o

r

m

a

n

c

e

10

-2

10

-1

10

0

NR-PBCH evaluation, TDL-C(mid), PC, 3km/h, 1000ns, 4 repetitions

DMRS only (Alt1,1/3)

DMRS only (Alt1,1/4)

DMRS only (Alt1,1/6)


image5.emf
SNR

-18 -17 -16 -15 -14 -13 -12 -11 -10 -9 -8

B

L

E

R

 

P

e

r

f

o

r

m

a

n

c

e

10

-2

10

-1

10

0

NR-PBCH evaluation, TDL-C(mid), PC, 3km/h, 100ns, 4 repetitions

DMRS only (Alt1)

DMRS only (Alt2)

DMRS+SSS (Alt1)

DMRS+SSS (Alt2)


image6.emf
SNR

-18 -17 -16 -15 -14 -13 -12 -11 -10 -9 -8

B

L

E

R

 

P

e

r

f

o

r

m

a

n

c

e

10

-2

10

-1

10

0

NR-PBCH evaluation, TDL-C(mid), PC, 3km/h, 1000ns, 4 repetitions

DMRS only (Alt1)

DMRS only (Alt2)

DMRS+SSS (Alt1)

DMRS+SSS (Alt2)


image7.jpeg
BLER

NR-PBCH: CDL-C (30ns), 30GHz, 3km/h, (4,8,2,1,1)-(2,4,2,1,2), PC, 4 shots

1.0E+00 n“—e%

1.0E-01
—[3-DMRS only (Alt1, 1/4)
~[3-DMRS only (Alt2, 1/4)
—O-DMRS+SSS (Alt1, 1/4)
—O-DMRS+SSS (Alt2, 1/4)
1.0E-02 T T T T +

-20 ~19 -18 -17 -16 15 -14 -13 a2 a2 -10
SNR (dB)




image8.emf
SNR

-18 -17 -16 -15 -14 -13 -12 -11 -10 -9 -8

B

L

E

R

 

P

e

r

f

o

r

m

a

n

c

e

10

-2

10

-1

10

0

NR-PBCH evaluation, TDL-C(mid), 3km/h, 100ns, 4 repetitions

CDD

CDD+Precoder Cycling

Precoder Cylcing


image9.emf
SNR

-18 -17 -16 -15 -14 -13 -12 -11 -10 -9 -8

B

L

E

R

 

P

e

r

f

o

r

m

a

n

c

e

10

-2

10

-1

10

0

NR-PBCH evaluation, TDL-C(mid), 120km/h, 100ns, 4 repetitions

CDD

CDD+Precoder Cycling

Precoder Cylcing


image1.emf
NR-

PSS

NR-

SSS

NR-

PB

CH

t

f

NR-DMRS REs

NR-

PB

CH


image2.emf
NR-

PSS

NR-

SSS

NR-

PB

CH

t

f

NR-DMRS REs

NR-

PB

CH


