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1. Introduction

The study on supporting NR from 52.6GHz to 71GHz in Release 17 was concluded in RAN1#103-e [1]. The scope for the follow-up WI includes the following [2]:
· In addition to 120kHz SCS, specify new SCS, 480kHz and 960kHz, and define maximum bandwidth(s), for operation in this frequency range for data and control channels and reference signals, only NCP supported.
· Evaluate, and if needed, specify the PTRS enhancement for 120kHz SCS, 480kHz SCS and/or 960kHz SCS, as well as DMRS enhancement for 480kHz SCS and/or 960kHz SCS.

The TR also states [3]:

It is recommended to consider at least the following aspects of DM-RS design for a given SCS:

-
Channel estimation performance of existing DM-RS design with existing and new SCSs (if any),

-
Study whether there is a need of any modification/changes to existing DM-RS design, including potential modification or introduction of new DM-RS pattern, and configuration or indication to aid performance improvement for CP-OFDM and DFT-S OFDM waveforms (if needed).

This contribution discusses our views on the above issues. It is a revision of R1-2101330 with additional DMRS performance evaluation results. 
2. Discussion
2.1 Maximum bandwidths for new SCSs
The SI recommendation is that candidate supported maximum carrier bandwidth(s) for a cell should be between 400 MHz and 2160 MHz. This is applicable to the new SCSs of 480kHz and 960kHz. The maximum achievable channel bandwidths for these SCSs with 275 RBs are 1.584 GHz and 3.168 GHz, respectively. This is the reason several companies have proposed 1.6 GHz as the maximum supported bandwidth since it is achievable with both new SCSs. We believe this is a reasonable proposal, i.e., supporting 1.6 GHz channelization for both SCSs and as the maximum supported bandwidth for 480kHz SCS. The remaining question is if 2.16 GHz should be supported as the maximum bandwidth for 960kHz, primarily for alignment with IEEE 802.11ad/ay. This issue was not thoroughly studied in the SI evaluations. For that reason, we do not see any additional complexity or drawbacks in supporting 2.16 GHz as the maximum bandwidth for 960kHz.
Proposal 1: 1.6 GHz channelization is supported for both new SCSs and as the maximum supported bandwidth for 480kHz SCS.
Proposal 2: 2.16 GHz is the maximum supported bandwidth for 960kHz SCS.

2.2 DMRS enhancements for PDSCH
In this Section, the PDSCH performance with high-density DMRS (12 REs per PRB) is studied, compared to Rel-15 DMRS. The simulation assumptions are shown in the following Table 1.
Table 1. PDSCH simulation parameters

	
	PDSCH

	Carrier freq (GHz)
	60

	SCS (kHz)
	960

	Bandwidth (MHz)
	2000

	Number of RBs
	160

	CP Type
	Normal

	MCS
	22, 26, 28

	HARQ
	Not enabled

	Basic DMRS config
	1 symbol (front-loaded)

	additional DMRS 
	0 or 1 symbol

	PT-RS config
	K = 2, L = 1

	PA model
	Pre-loaded Tx EVM of 3% (additive noise)

	UE PN model
	TR38.803 example 2 UE PN profile

	gNB PN model
	TR38.803 example 2 BS PN profile

	Channel model
	TDL-A

	Delay spread (ns)
	5

	I-Q imbalance
	None

	Antenna config
	2x2

	Frequency offset
	None

	Mobility
	3 km/hr, 30 km/hr

	Channel estimation
	Realistic

	Rank
	1

	PN mitigation
	CPE compensation, de-ICI filtering [4]


Table 2 shows the simulation results summary of Figures 1-3, for speed 3km/hr and 1 symbol DMRS (Type A). 

Table 2. PDSCH simulation results summary for 60GHz FR2, 3 km/hr.
	MCS
	DMRS additional
	SNR for BLER @ 10% [dB]

	
	
	PN + CPE comp
	PN + de-ICI

	
	
	6sc DMRS
	12sc DMRS
	6sc DMRS
	12sc DMRS

	22
	0
	15.4
	15.1
	15.2
	15.0

	26
	0
	-
	-
	22.0
	20.7

	28
	0
	-
	-
	31.2
	26.1


Table 3 shows the simulation results summary of Figures 4-5, for speed 30km/hr and 1 or 2 symbols DMRS. 

Table 3. PDSCH simulation results summary for 60GHz FR2, 30 km/hr.
	MCS
	DMRS additional
	SNR for BLER @ 10% [dB]

	
	
	PN + CPE comp
	PN + de-ICI

	
	
	6sc DMRS
	12sc DMRS
	6sc DMRS
	12sc DMRS

	26
	0
	-
	-
	-
	29.5

	26
	1
	-
	-
	24.3
	22.5
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Figure 1. MCS 22, 3 km/hr.
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Figure 2. MCS 26, 3 km/hr.
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Figure 3. MCS 28, 3 km/hr.
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Figure 4. MCS 26, 30 km/hr.
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Figure 5. MCS 26, 30 km/hr, 1 additional symbol DMRS.

From the above, it is seen that increasing the density of PDSCH DMRS in the frequency domain while maintaining 1 DMRS symbol in the time domain provides a SNR gain of up to 5.1 dB at MCS 28, though the gain decreases for lower MCSs. When Doppler is increased to 30 km/hr, only the high-density DMRS system is able to achieve 10% BLER for MCS 26, while an additional high-density DMRS symbol provides a 7.5 dB SNR gain compared to the single-symbol case. The main contributing factor to this gain is the improvement in PN mitigation, which offsets the increase in DMRS overhead.
Proposal 3: High-density DMRS (12 REs per PRB), should be studied for further enhancing PDSCH performance of high MCSs in NR beyond 52.6 GHz.
3. Conclusions

In this contribution, our views on the maximum supported bandwidths for different SCSs and need for PDSCH DMRS enhancements yielded the following proposals.
Proposal 1: 1.6 GHz channelization is supported for both new SCSs and as the maximum supported bandwidth for 480kHz SCS.

Proposal 2: 2.16 GHz is the maximum supported bandwidth for 960kHz SCS.

Proposal 3: High-density DMRS (12 REs per PRB), should be studied for further enhancing PDSCH performance of high MCSs in NR beyond 52.6 GHz.
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