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1	Introduction
In RAN Plenary meeting #75, a WID on NR was agreed. The work item targets to develop and specify the functionalities for eMBB operation as well as support the URLLC type of operation. 
In this contribution we discuss about NR-PBCH DMRS design. RAN1#89 made the following agreements [1]:
Agreements:
· For NR-PBCH transmission, NR supports a single antenna port based transmission scheme only. 
· Same antenna port is defined for NR-PSS, NR-SSS and NR-PBCH within an SS block
· Single antenna port based transmission scheme for NR-PBCH is transparent to UEs
· Note that frequency domain PC is precluded
· DMRS for NR-PBCH is mapped on every NR-PBCH symbol
· Note: frequency domain RE density for DMRS is FFS

2	Discussion
In the following analysis we consider the following DMRS allocation strategies:
1) SSS + 2/12 DMRS overlapping with SSS in frequency + 4/12 DMRS in freq. non-overlapping with SSS
2) SSS + 2/12 DMRS
3) SSS + 4/12 DMRS
4) SSS + 2/12 DMRS only in frequency domain non-overlapping with SSS
5) SSS + 4/12 DMRS only in frequency domain non-overlapping with SSS
6) DMRS 2/12
7) DMRS 4/12

Furthermore, we assume SS block composition being NR-PSS-NR-PBCH-NR-SSS-NR-PBCH (see [2] for more details about SS block composition). Based on [3] we consider only 48 bits payload in the analysis. In the analysis we look at demodulation performance as well as CFO estimation capability.
2.1 	Demodulation performance
In Figure 1 we look at demodulation performance under one-shot detection in highly frequency selective channel. We can observe that 5) and 7) are providing the best performance. Usage of SSS in channel estimation causes some restrictions in sliding of Wiener filter window and hence DMRS alone seems to perform very well as such. 
Observations: 5)	SSS + 4/12 DMRS only in frequency domain non-overlapping with SSS and 7) DMRS 4/12 perform best under highly frequency selective channel.
Observations: DMRS 4/12 density is required.
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[bookmark: _Ref485271514]Figure 1 Demodulation performance of NR-PBCH with different DMRS strategies with 15 kHz and 48 bits. 
Proposal: DMRS density is 4/12.
2.2	CFO estimation
Here we look at CFO estimate by using the same seven DMRS strategies. We consider two combining cases: 1) one shot and 2) combining over 8 transmissions (SS burst set periodicity 10 ms). Figure 5 illustrates the std of frequency error in 1) and Figure 6 std of frequency error in 2), respectively. It can be observed that DMRS only with 4/12 (option 7) density provides clearly the lowest std of frequency error whereas the worst performance is achieved with 4). It’s to be noted that also 5) is clearly worse than 7). In 5) there are only half of the REs to be used for CFO estimate which can be paired in two PBCH symbols compared to 7). Furthermore, using SSS in CFO estimate may potentially decrease the estimation because in averaging equally over three pairs, DMRS-DMRS, SSS-DMRS and DMRS-SSS, pairs with SSS tend to provide more in-accurate estimate because of having only half of the REs for estimation than in pair DMRS-DMRS. 
Observations: 4/12 DMRS density in all PRBs in each NR-PBCH symbol provides clearly the best CFO estimate both in one-shot and multi-transmission case.
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[bookmark: _Ref485272574]Figure 5 Std of frequency error with one shot detection.
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[bookmark: _Ref485272575]Figure 6 Std of frequency error with combining of 8 transmissions (10 ms SS burst set periodicity).
Proposal: Support 4/12 DMRS density in all PRBs in each NR-PBCH symbol.
3	Conclusions 
In this contribution we discussed about NR-PBCH design and made the following observations and proposals:
Observations: 5)	SSS + 4/12 DMRS only in frequency domain non-overlapping with SSS and 7) DMRS 4/12 perform best under highly frequency selective channel.
Observations: DMRS 4/12 density is required.
Proposal: DMRS density is 4/12.
Observations: 4/12 DMRS density in all PRBs in each NR-PBCH symbol provides clearly the best CFO estimate both in one-shot and multi-transmission case.
Proposal: Support 4/12 DMRS density in all PRBs in each NR-PBCH symbol.
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Appendix A Simulation parameters
	Parameter	
	Value

	Carrier frequency
	4 GHz

	Beam configuration
	Single-beam

	Transmission method
	Single-port precoder cycling (2Tx, time direction)

	Time domain allocation
	2 OFDM symbols

	Frequency domain allocation
	24 PRBs

	Sub-carrier spacing
	15 kHz

	Channel model
	TDL-C-1000ns

	UE speed
	120 kmph

	Channel coding
	Polar code

	Payload size
	48 bits (32 data bits + 16 CRC bits)

	Channel estimation
	Concatenated freq and time 1D Wiener filter

	SNR estimation
	Realistic, based on DMRS for NR-PBCH

	Receiver algorithm
	2 RX MRC

	CFO
	600 Hz

	Soft-combining
	Not used (one-shot detection)
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Payload=48Bits, TDL-C-1000ns, CFO=600Hz, 120kmph, Polar code, PBCH|SSS|PBCH

 

 

8 subframe avg, SSS + DMRS 2/12 mid + DMRS 4/12 edge

8 subframe avg, SSS + DMRS full 2/12

8 subframe avg, SSS + DMRS full 4/12

8 subframe avg, SSS + DMRS 2/12 only edge

8 subframe avg, SSS + DMRS 4/12 only edge

8 subframe avg, DMRS only 2/12

8 subframe avg, DMRS only 4/12
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SSS + DMRS 2/12 mid + DMRS 4/12 edge

SSS + DMRS full 2/12

SSS + DMRS full 4/12

SSS + DMRS 2/12 only edge

SSS + DMRS 4/12 only edge

DMRS only 2/12

DMRS only 4/12


image3.emf
-12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2

0

100

200

300

400

500

600

700

800

900

1000

1100

1200

1300

1400

1500

1600

1700

1800

1900

2000

SNR [dB]

STD of frequency estimation error [Hz]

Payload=48Bits, TDL-C-1000ns, CFO=600Hz, 120kmph, Polar code, PBCH|SSS|PBCH

 

 

one shot, SSS + DMRS 2/12 mid + DMRS 4/12 edge

one shot, SSS + DMRS full 2/12

one shot, SSS + DMRS full 4/12

one shot, SSS + DMRS 2/12 only edge

one shot, SSS + DMRS 4/12 only edge

one shot, DMRS only 2/12

one shot, DMRS only 4/12


