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Background

The link performance of PDSCH sub-carrier spacing for mm-waves has been investigated which was the basis of selection of 60 kHz and 120 kHz Sub-carrier spacings for data. The intention with this text proposals is to document the link simulation results in the NR WI technical report.
Proposal

It is proposed that the attached text proposal is included in the study item TR 38.xxx.
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TEXT PROPOSAL:
4
General and common aspects
The main text of the document should start here, after the above clauses have been added.

The following styles and editing techniques are aimed to help in the formatting of the document using the 3GPP Template: 3GPP_70.dot, available from the 3GPP FTP site (ftp://ftp.3gpp.org/Information).
4.1
Numbering of operating bands

Detailed structure of the subclause is TBD.

4.2
Channel arrangement

Detailed structure of the subclause is TBD.

4.3
Sub-carrier spacing

Detailed structure of the subclause is TBD.

************* Start of change *****************

4.3.1

PDSCH Sub-carrier spacing for sub-6 GHz

Detailed structure of the subclause is TBD.
4.3.2

PDSCH Sub-carrier spacing for sub-6 GHz

4.3.2.1
Analysis for mm-wave frequency band subcarrier spacing
The mm-wave frequency ranges in the WID corresponds to proxy frequencies of 30 GHz and 45 GHz and thus the link simulation results in this sub-clause is based on corresponding phase noise models as presented in Figure 4.3.2.1-1.
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Figure 4.3.2.1-1 
Phase noise model

The simulations assumptions are summarized in table 4.3.2.1-1.

Table 4.3.2.1-1
Simulation assumptions
	Speed
	3 km/h

	Tx antenna
	traditional_channel_model_antenna_1_ports

	Rx antenna
	traditional_channel_model_antenna_2_ports

	Number or layers
	1

	DMRS pattern
	Two different patterns as in Figure 2

	PTRS pattern time density
	Every OFDM symbol

	PTRS pattern freq. density
	1 sc each 2 PRB

	Phase noise model
	As proposed in R4-1701165 applied on both BS and UE. To capture the worst case, the phase noise in both receive antenna ports was fully correlated

	Channel estimation
	Practical LMMSE

	OFDM symbols per frame
	14

	Scheduled BW
	32 PRB

	Channel Model
	TDL-B for delay spread of 100 ns, TDL-C for delay spread of 200 ns and 300 ns


The analysis covers 60 kHz, 120 kHz and 240 kHz sub-carrier spacing with DMRS pattern as in Figure 4.3.2.1-2.
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Figure 4.3.2.1-2
DMRS and PTRS pattern
The simulation results cover modulation and coding rates of QPSK(1/2), 16QAM (3/4) and 64QAM (5/6) where the solid lines represent the ideal case with no phase noise and dashed line is with phase noise and CPE compensation. For 30 GHz case, the simulation results with phase noise without CPE compensation was also considered to investigate the need and performance of CPE compensation in mm-wave frequency ranges. 
For 30 GHz with 100ns, 200ns and 300 ns delay spread:
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Figure 4.3.2.1-3 60 kHz sub-carrier spacing
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Figure 4.3.2.1-4
120 kHz sub-carrier spacing
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Figure 4.3.2.1-5
240 kHz sub-carrier spacing

The simulation results indicate that the optimum performance for higher order modulation (64QAM) can be achieved when sub-carrier spacing of 60 kHz is used in particular for channels with delay spread of 200 ns and 300 ns. For higher sub-carrier spacing, i.e. 240 kHz, the degradation seems to be quite substantial. 

In addition, regardless of modulation, the CPE compensation improves the performance significantly and is essential when mm-wave frequency bands are concerned.

For 45 GHz with 100ns, 200ns delay spread 
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Figure 4.3.2.1-6 60 kHz sub-carrier spacing
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Figure 4.3.2.1-7 120 kHz sub-carrier spacing


[image: image8]
Figure 4.3.2.1-8 240 kHz sub-carrier spacing
The simulation results for 45 GHz indicate that given the phase noise model and channel with delay spread up to 200 ns, the optimum performance is achieved when sub-carrier spacing of 60 kHz is used.

Considering the analysis and link simulations presented in this paper, the 60 and 120 kHz sub-carrier spacing would result in best performance and thus should be considered for frequency bands within 24-45 GHz.

************* End of change *****************
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