
3GPP TSG RAN WG1 Meeting #89

R1-1707228
Hangzhou, P.R. China 15th – 19th May 2017
Source:
vivo
Title:
DMRS design for NR-PBCH
Agenda Item:
7.1.1.2.1
Document for:
Discussion and Decision
1. Introduction
At last RAN1#88bis meeting [1], the following agreements and working assumption on NR-PBCH have been made:
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

· In both single beam and multi-beam scenario, support only time division multiplexing of PSS, SSS and PBCH.
· 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.
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

Working assumption:
· NR-PSS, NR-SSS and NR-PBCH are presented in every SS block

· FFS: deactivated cell case (if defined)

In this contribution, we discuss DMRS design for NR-PBCH with some evaluations. 
2. DMRS design for NR-PBCH
2.1. Candidate DMRS pattern for NR-PBCH
In our companion contribution [2], we provide candidate SS-block structure patterns for NR-PBCH DMRS design. As NR-PBCH bandwidth is larger than that of NR-SSS, only use NR-SSS as demodulation RS for NR-PBCH is not possible. 

To design DMRS for NR-PBCH, the candidate DMRS pattern based on SS-block structure are listed below:
· Option 1: NR-PBCH self-contained DMRS
· Option 1-1: one column DMRS

· Option 1-2: two column DMRS

· Option 2: SS-block self-contained DMRS (NR-SSS is used as partial reference signal for NR-PBCH)
· Option 2-1: one column DMRS

· NR-SSS + extra DMRS RE in unused resources in NR-SSS symbol
· Option 2-2: two column DMRS

· DMRS in Option 2-1 + one column DMRS in NR-PBCH
The corresponding referenced DMRS patterns are illustrated in Figure 1 and initial analyze for different DMRS options is provided in Table 1elow: 
Option 1-1
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Option 2-1




Option 2-2
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Figure 1 Candidate DMRS patterns
Table 1: Initial analyze for different DMRS options
	
	Characteristic
	Highlight observation

	Option 1-1
	· self-contained DMRS in NR-PBCH
· Occupy one OS of NR-PBCH
	· NR-PBCH demodulation is not depended on NR-SSS
· 12.5% DMRS overhead in NR-PBCH region
· NR-PBCH performance may susceptible to high speed

	Option 1-2
	· self-contained DMRS in NR-PBCH
· Occupy two Oss of NR-PBCH
	· NR-PBCH demodulation is not depended on NR-SSS
· 25% DMRS overhead in NR-PBCH region

	Option 2-1
	· self-contained DMRS in NR- SS-block
· NR-SSS partially aid to NR-PBCH channel estimation
· Occupy one OS of NR-SSS
	· NR-PBCH demodulation is depended on NR-SSS
· NR-PBCH region can be fully used for data resource
· NR-PBCH performance may susceptible to high speed

	Option 2-2
	· self-contained DMRS in NR- SS-block

· NR-SSS partially aid to NR-PBCH channel estimation
· Occupy two OS: NR-SSS symbol and one NR-PBCH symbol
	· NR-PBCH demodulation is depended on NR-SSS

· 12.5% DMRS overhead in NR-PBCH region


2.2. Simulation results
This section compares the performance of NR-PBCH based on the candidate DMRS patterns in section 2.1. The simulation assumptions and related BLER curves are shown in the Appendix.
Table 2: Required SNR @1% BLER w/ 0dB RS power boosting @ 4GHz
	　
	Required SNR @1% BLER 

	
	40 PBCH bits
	64 PBCH bits

	
	OP 1-1
	OP 1-2
	OP 2-1
	OP 2-2
	OP 1-1
	OP 1-2
	OP 2-1
	OP 2-2

	TDL-A
	3km/h
	-2.72
	-3.31
	-3.35
	-3.85
	-2.07
	-2.53
	-2.21
	-3.14

	
	120km/h
	-2.93
	-3.47
	-3.19
	-3.91
	-1.84
	-2.47
	-2.20
	-2.91

	　
	Required SNR @1% BLER

	
	80 PBCH bits
	96 PBCH bits

	
	OP 1-1
	OP 1-2
	OP 2-1
	OP 2-2
	OP 1-1
	OP 1-2
	OP 2-1
	OP 2-2

	TDL-A
	3km/h
	-1.49
	-2.08
	-1.69
	-2.43
	-0.85
	-1.50
	-1.20
	-1.80

	
	120km/h
	-1.54
	-1.90
	-1.71
	-2.28
	-0.79
	-1.34
	-1.33
	-1.76

	　
	Required SNR @1% BLER 

	
	40 PBCH bits
	64 PBCH bits

	
	OP 1-1
	OP 1-2
	OP 2-1
	OP 2-2
	OP 1-1
	OP 1-2
	OP 2-1
	OP 2-2

	TDL-C
	3km/h
	-2.25
	-2.64
	-2.53
	-3.29
	-1.24
	-1.77
	-1.78
	-2.08

	
	120km/h
	-2.02
	-2.87
	-2.57
	-3.29
	-1.23
	-1.78
	-1.68
	-2.24

	　
	Required SNR @1% BLER

	
	80 PBCH bits
	96 PBCH bits

	
	OP 1-1
	OP 1-2
	OP 2-1
	OP 2-2
	OP 1-1
	OP 1-2
	OP 2-1
	OP 2-2

	TDL-C
	3km/h
	-0.81
	-1.35
	-1.36
	-1.59
	-0.02
	-0.61
	-0.71
	-1.18

	
	120km/h
	-0.64
	-1.36
	-1.36
	-1.60
	-0.33
	-0.66
	-0.82
	-1.08


Table 3: Required SNR @1% BLER w/ 3dB RS power boosting @ 4GHz
	　
	Required SNR @1% BLER 

	
	40 PBCH bits
	64 PBCH bits

	
	OP 1-1
	OP 1-2
	OP 2-1
	OP 2-2
	OP 1-1
	OP 1-2
	OP 2-1
	OP 2-2

	TDL-A
	3km/h
	-3.84
	-4.34
	-4.33
	-4.80
	-2.91
	-3.12
	-3.16
	-3.72

	
	120km/h
	-4.08
	-4.33
	-4.27
	-4.84
	-2.94
	-3.12
	-3.10
	-3.60

	　
	Required SNR @1% BLER

	
	80 PBCH bits
	96 PBCH bits

	
	OP 1-1
	OP 1-2
	OP 2-1
	OP 2-2
	OP 1-1
	OP 1-2
	OP 2-1
	OP 2-2

	TDL-A
	3km/h
	-2.42
	-2.26
	-2.87
	-3.36
	-1.74
	-1.93
	-2.23
	-2.44

	
	120km/h
	-2.37
	-2.53
	-2.83
	-2.98
	-1.54
	-1.95
	-2.23
	-2.55

	　
	Required SNR @1% BLER 

	
	40 PBCH bits
	64 PBCH bits

	
	OP 1-1
	OP 1-2
	OP 2-1
	OP 2-2
	OP 1-1
	OP 1-2
	OP 2-1
	OP 2-2

	TDL-C
	3km/h
	-3.23
	-3.67
	-3.84
	-4.23
	-1.93
	-2.48
	-2.66
	-2.91

	
	120km/h
	-3.01
	-3.64
	-3.79
	-4.09
	-1.90
	-2.52
	-2.75
	-2.94

	　
	Required SNR @1% BLER

	
	80 PBCH bits
	96 PBCH bits

	
	OP 1-1
	OP 1-2
	OP 2-1
	OP 2-2
	OP 1-1
	OP 1-2
	OP 2-1
	OP 2-2

	TDL-C
	3km/h
	-1.63
	-1.92
	-2.08
	-2.39
	-1.32
	-1.18
	-1.56
	-1.94

	
	120km/h
	-1.73
	-1.87
	-2.31
	-2.53
	-1.43
	-1.34
	-1.64
	-1.84


	Table 4: Required SNR @1% BLER w/ 0dB RS power boosting @ 30GHz
　
	Required SNR @1% BLER 

	
	40 PBCH bits
	64 PBCH bits

	
	OP 1-1
	OP 1-2
	OP 2-1
	OP 2-2
	OP 1-1
	OP 1-2
	OP 2-1
	OP 2-2

	TDL-A
	3km/h
	-2.39
	-2.97
	-2.80
	-3.62
	-1.30
	-2.15
	-1.74
	-2.63

	
	120km/h
	-2.30
	-3.03
	-2.70
	-3.41
	-1.01
	-2.16
	-1.79
	-2.36

	　
	Required SNR @1% BLER

	
	80 PBCH bits
	96 PBCH bits

	
	OP 1-1
	OP 1-2
	OP 2-1
	OP 2-2
	OP 1-1
	OP 1-2
	OP 2-1
	OP 2-2

	TDL-A
	3km/h
	-0.84
	-1.76
	-1.30
	-2.32
	-0.44
	-1.13
	-0.94
	-1.60

	
	120km/h
	-0.92
	-1.59
	-1.27
	-1.85
	-0.55
	-1.13
	-0.91
	-1.53

	　
	Required SNR @1% BLER 

	
	40 PBCH bits
	64 PBCH bits

	
	OP 1-1
	OP 1-2
	OP 2-1
	OP 2-2
	OP 1-1
	OP 1-2
	OP 2-1
	OP 2-2

	TDL-C
	3km/h
	-2.84
	-3.76
	-3.37
	-4.35
	-1.92
	-2.79
	-2.43
	-3.23

	
	120km/h
	-3.01
	-3.76
	-3.48
	-4.01
	-2.12
	-2.73
	-2.43
	-3.02

	　
	Required SNR @1% BLER

	
	80 PBCH bits
	96 PBCH bits

	
	OP 1-1
	OP 1-2
	OP 2-1
	OP 2-2
	OP 1-1
	OP 1-2
	OP 2-1
	OP 2-2

	TDL-C
	3km/h
	-1.59
	-2.05
	-2.27
	-2.72
	-1.19
	-1.84
	-1.71
	-2.24

	
	120km/h
	-1.65
	-2.36
	-2.12
	-2.63
	-1.19
	-1.73
	-1.47
	-2.05


Table 5: Required SNR @1% BLER w/ 3dB RS power boosting @ 30GHz
	　
	Required SNR @1% BLER 

	
	40 PBCH bits
	64 PBCH bits

	
	OP 1-1
	OP 1-2
	OP 2-1
	OP 2-2
	OP 1-1
	OP 1-2
	OP 2-1
	OP 2-2

	TDL-A
	3km/h
	-3.58
	-4.23
	-3.89
	-4.71
	-2.17
	-3.07
	-2.96
	-3.50

	
	120km/h
	-3.45
	-4.11
	-3.95
	-4.55
	-2.47
	-3.16
	-3.01
	-3.42

	　
	Required SNR @1% BLER

	
	80 PBCH bits
	96 PBCH bits

	
	OP 1-1
	OP 1-2
	OP 2-1
	OP 2-2
	OP 1-1
	OP 1-2
	OP 2-1
	OP 2-2

	TDL-A
	3km/h
	-2.19
	-2.43
	-2.65
	-3.07
	-1.63
	-2.05
	-1.85
	-2.49

	
	120km/h
	-1.98
	-2.56
	-2.70
	-2.91
	-1.74
	-2.02
	-2.10
	-2.38

	　
	Required SNR @1% BLER 

	
	40 PBCH bits
	64 PBCH bits

	
	OP 1-1
	OP 1-2
	OP 2-1
	OP 2-2
	OP 1-1
	OP 1-2
	OP 2-1
	OP 2-2

	TDL-C
	3km/h
	-4.16
	-4.88
	-4.70
	-5.33
	-3.32
	-3.59
	-3.82
	-4.26

	
	120km/h
	-4.40
	-4.90
	-4.73
	-5.06
	-3.28
	-3.64
	-3.85
	-4.03

	　
	Required SNR @1% BLER

	
	80 PBCH bits
	96 PBCH bits

	
	OP 1-1
	OP 1-2
	OP 2-1
	OP 2-2
	OP 1-1
	OP 1-2
	OP 2-1
	OP 2-2

	TDL-C
	3km/h
	-2.92
	-3.25
	-3.31
	-3.84
	-2.35
	-2.63
	-2.89
	-3.12

	
	120km/h
	-2.68
	-3.07
	-3.38
	-3.57
	-2.23
	-2.59
	-2.85
	-3.03


From the summarized performance results in Table 2~Table 5, we have the following observations and proposals:
Observations:
1. Some NR-PBCH performance factors:
a) PBCH payload size: more PBCH payload, higher code rate, worst performance;

b) Overhead of DMRS inside PBCH: more overhead, higher code rate, worst performance; option 2-1 is better than option 1-1, and option 2-2 is better than option 1-2;
c) Column of DMRS inside SS-block: more columns of DMRS, more accurate channel estimation, better performance; two column DMRS can perform wiener filtering in time domain, which can further suppress noise, thus improve channel estimation especially in low SNR region; in addition, at high speed scenario, two columns DMRS always achieves better performance than one column DMRS; in general, option 1-2 is better than option 1-1, and option 2-2 is better than option 2-1;
d) Power boosting: DMRS w/ Power boosting will bring assignable gain.
2. Option 2-2 shows the best performance among the potential candidate patterns in all scenarios; the reason is that Option 2-2 can achieve both accurate channel estimation and low DMRS overhead in PBCH region with two columns DMRS, one column in NR-SSS symbol, and the other column in PBCH region.
3. In our simulation assumption [Appendix A], PBCH soft combining and beamforming gain is not considered; the evaluation is concentrated on the performance of a single PBCH transmission detection.
4. In LTE design, as PBCH is self-decodable per transmission, PBCH soft combine can be supported at UE side; according to last meeting agreement that RAN1 strives to supports combining NR-PBCH, if NR UE is allowed to decode NR-PBCH across N time repetitions of NR-PBCH during NR-PBCH TTI, larger performance gap between two symbols patterns (opt.1-2 and opt.2-2) and one symbol patterns (opt.1-1 and opt.2-1) can be expected.
Proposal 1: Confirm working assumptions made at RAN#88bis meeting:

· For NR-PBCH transmission, NR supports a single antenna port based transmission scheme only.
· NR-PSS, NR-SSS and NR-PBCH are presented in every SS block.
Proposal 2: Same antenna port is defined for NR-PSS, NR-SSS and NR-PBCH within an SS block.
Proposal 3: Two column DMRS symbols are supported for NR-PBCH demodulation to guarantee high speed NR-PBCH performance, e.g. Option 1-2 or Option 2-2.
Proposal 4: Option 2-2 is recommended as NR-PBCH DMRS pattern for it shows the best performance among the potential candidate patterns.
3. Conclusion

In this contribution, we evaluate NR-PBCH performance by different candidate DMRS patterns. Based on the observations from simulation results and discussion, we have the following proposals:
Proposal 1: Confirm working assumptions made at RAN#88bis meeting:

· For NR-PBCH transmission, NR supports a single antenna port based transmission scheme only.
· NR-PSS, NR-SSS and NR-PBCH are presented in every SS block.
Proposal 2: Same antenna port is defined for NR-PSS, NR-SSS and NR-PBCH within an SS block.

Proposal 3: Two column DMRS symbols are supported for NR-PBCH demodulation to guarantee high speed NR-PBCH performance, e.g. Option 1-2 or Option 2-2.

Option 1-2




Option 2-2
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Proposal 4: Option 2-2 is recommended as NR-PBCH DMRS pattern for it shows the best performance among the potential candidate patterns. 
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Appendix
A. Table 1 lists the assumptions used in the simulations.
Table 1: Simulation Assumptions
	Parameters
	Values or Assumptions 

	Carrier Frequency 
	4GHz; 30GHz

	SS-block Bandwidth
	24 PRBs (288 subcarriers)

	Subcarrier spacing
	15kHz; 60kHz

	Channel model
	TDL-A; TDL-C delay spread=100ns; 
Low correlation

	UE speed
	3km/h; 120km/h

	gNB antenna number
	2

	UE antenna number
	2

	NR-PBCH payload size
	40, 64, 80, 96bits

	NR-PBCH repetition
	no repetition, no soft combining

	Modulation 
	QPSK

	Channel coding
	TBCC

	Transmission scheme
	1-port Precoding Cycling

	Precoding Cycling
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	PRG bundling size
	2

	Channel estimation 
	MMSE2D


B. Simulation Results:
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Figure1: TDL-A 4GHz 3km/h 40bits w/o boosting                        Figure2: TDL-A 4GHz 3km/h 40bits w/ 3dB boosting
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Figure3: TDL-A 4GHz 120km/h 40bits w/o boosting                        Figure4: TDL-A 4GHz 120km/h 40bits w/ 3dB boosting
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Figure5: TDL-A 4GHz 3km/h 64bits w/o boosting                        Figure6: TDL-A 4GHz 3km/h 64bits w/ 3dB boosting
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Figure7: TDL-A 4GHz 120km/h 64bits w/o boosting                        Figure8: TDL-A 4GHz 120km/h 64bits w/ 3dB boosting
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Figure9: TDL-A 4GHz 3km/h 80bits w/o boosting                             Figure10: TDL-A 4GHz 3km/h 80bits w/ 3dB boosting
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Figure11: TDL-A 4GHz 120km/h 80bits w/o boosting                             Figure12: TDL-A 4GHz 120km/h 80bits w/ 3dB boosting
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Figure13: TDL-A 4GHz 3km/h 96bits w/o boosting                             Figure14: TDL-A 4GHz 3km/h 96bits w/ 3dB boosting
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Figure15: TDL-A 4GHz 120km/h 96bits w/o boosting                             Figure16: TDL-A 4GHz 120km/h 96bits w/ 3dB boosting
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Figure17: TDL-A 30GHz 3km/h 40bits w/o boosting                             Figure18: TDL-A 30GHz 3km/h 40bits w/ 3dB boosting
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Figure19: TDL-A 30GHz 120km/h 40bits w/o boosting                             Figure20: TDL-A 30GHz 120km/h 40bits w/ 3dB boosting
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Figure21: TDL-A 30GHz 3km/h 64bits w/o boosting                             Figure22: TDL-A 30GHz 3km/h 64bits w/ 3dB boosting
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Figure23: TDL-A 30GHz 120km/h 64bits w/o boosting                         Figure24: TDL-A 30GHz 120km/h 64bits w/ 3dB boosting
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Figure25: TDL-A 30GHz 3km/h 80bits w/o boosting                         Figure26: TDL-A 30GHz 3km/h 80bits w/ 3dB boosting
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Figure27: TDL-A 30GHz 120km/h 80bits w/o boosting                   Figure28: TDL-A 30GHz 120km/h 80bits w/ 3dB boosting
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Figure29: TDL-A 30GHz 3km/h 96bits w/o boosting                         Figure30: TDL-A 30GHz 3km/h 96bits w/ 3dB boosting
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Figure31: TDL-A 30GHz 120km/h 96bits w/o boosting                         Figure32: TDL-A 30GHz 120km/h 96bits w/ 3dB boosting
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Figure33: TDL-C 4GHz 3km/h 40bits w/o boosting                         Figure34: TDL-C 4GHz 3km/h 40bits w/ 3dB boosting
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Figure35: TDL-C 4GHz 120km/h 40bits w/o boosting                         Figure36: TDL-C 4GHz 120km/h 40bits w/ 3dB boosting
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Figure37: TDL-C 4GHz 3km/h 64bits w/o boosting                         Figure38: TDL-C 4GHz 3km/h 64bits w/ 3dB boosting
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Figure39: TDL-C 4GHz 3km/h 120bits w/o boosting                         Figure40: TDL-C 4GHz 3km/h 120bits w/ 3dB boosting
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Figure41: TDL-C 4GHz 3km/h 80bits w/o boosting                         Figure42: TDL-C 4GHz 3km/h 80bits w/ 3dB boosting
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Figure43: TDL-C 4GHz 120km/h 80bits w/o boosting                         Figure44: TDL-C 4GHz 120km/h 80bits w/ 3dB boosting
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Figure45: TDL-C 4GHz 3km/h 96bits w/o boosting                         Figure46: TDL-C 4GHz 3km/h 96bits w/ 3dB boosting
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Figure47: TDL-C 4GHz 120km/h 96bits w/o boosting                      Figure48: TDL-C 4GHz 120km/h 96bits w/ 3dB boosting
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Figure49: TDL-C 30GHz 3km/h 40bits w/o boosting                      Figure50: TDL-C 30GHz 3km/h 40bits w/ 3dB boosting
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Figure51: TDL-C 30GHz 120km/h 40bits w/o boosting                      Figure52: TDL-C 30GHz 120km/h 40bits w/ 3dB boosting
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Figure53: TDL-C 30GHz 3km/h 64bits w/o boosting                      Figure54: TDL-C 30GHz 3km/h 64bits w/ 3dB boosting
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Figure55: TDL-C 30GHz 120km/h 64bits w/o boosting                      Figure56: TDL-C 30GHz 120km/h 64bits w/ 3dB boosting
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Figure57: TDL-C 30GHz 3km/h 80bits w/o boosting                      Figure58: TDL-C 30GHz 3km/h 80bits w/ 3dB boosting
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Figure69: TDL-C 30GHz 120km/h 80bits w/o boosting                      Figure60: TDL-C 30GHz 120km/h 80bits w/ 3dB boosting
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Figure61: TDL-C 30GHz 3km/h 96bits w/o boosting                      Figure62: TDL-C 30GHz 3km/h 96bits w/ 3dB boosting
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Figure63: TDL-C 30GHz 120km/h 96bits w/o boosting                      Figure64: TDL-C 30GHz 120km/h 96bits w/ 3dB boosting[image: image75.png]
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