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1. Introduction

In this contribution, we present our simulation assumptions for DMRS and PUCCH based on the agreed simulation assumptions. 

In the RAN meeting #90-e, the revised WID of “Extending current NR operation to 71GHz” was agreed [1]. One of the objectives is regarding DMRS enhancements:

· 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.

With the introduction of 480kHz and 960kHz SCSs in the new frequency range for data and control transmission, the performance of Type-1 CDM DMRS pattern and Type-2 CDM DMRS pattern will deteriorate due to the lack of the orthogonality in frequency domain. To enhance the performance, a new DMRS pattern is proposed. This contribution mainly provides the performance evaluation for different DMRS patterns. 
2. DMRS evaluation 

2.1. Evaluation assumptions 
The detailed simulation assumptions can be found in Table 1. 

Table 1: Simulation assumptions

	Parameters
	Values

	Carrier frequency
	60 GHz

	Bandwidth
	400MHz

	Waveform
	CP-OFDM

	CP configuration
	Normal CP

	Antenna configuration
	(M,N,P,Mg,Ng)=(1,1,2,1,1) @gNB,

(M,N,P,Mg,Ng)=(1,1,2,1,1) @UE

	Channel Model 
	TDL-A with 20ns delay spread

	UE speed
	 3km/h (167Hz at 60GHz)

	SCS
	120kHz, 480kHz, 960KHz

	PDSCH SLIV
	S=2, L=12

	MCS 
	MCS 16 (16QAM)

	Transmission rank
	Rank=2


The evaluated DMRS patterns are shown in Figure 1 ~ Figure 3. 
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Figure 1: Type-1 DMRS pattern
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Figure 2: Type-2 DMRS pattern
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Figure 3: Proposed new DMRS pattern

2.2. Evaluation results 

The performance comparisons among Type-1 DMRS pattern, Type-2 DMRS pattern and the new DMRS pattern are summarized in Table 2. The following observations can be made from Table 2.
Observation 1: For 960kHz SCS, the proposed new CDM pattern can bring around 2dB performance gain compared to Type-2 CDM pattern, while Type-1 CDM pattern cannot meet the 10% BLER requirement in this case.

Observation 2: For 480kHz SCS, the proposed new CDM pattern can bring around 1dB performance gain compared to Type-1 or Type-2 CDM patterns.

Observation 3: For 120kHz SCS, the proposed new CDM pattern and Type-1 CDM pattern share similar performance, and slightly outperform the performance of Type-2 CDM pattern. 

Observation 4: The proposed new FDM pattern and Type-1 FDM pattern share similar performance, and outperform the performance of Type-2 FDM pattern in all the evaluated cases.
Table 2: Performance comparison for different DMRS patterns at 10% BLER
	
	960kHz
	480kHz
	120kHz

	
	Type-1
	Type-2
	New
	Type-1
	Type-2
	New
	Type-1
	Type-2
	New

	MCS 16
	CDM
	Inf
	20dB
	18.5dB
	17.4dB
	17.4dB
	16.6dB
	18dB
	18.4dB
	18dB

	
	FDM
	17.2dB
	18.5dB
	17.4dB
	16.4dB
	17.1dB
	16.5dB
	17.9dB
	18.3dB
	17.9dB
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(a) CDM pattern                                                                               (b) FDM pattern

Figure 4: DMRS for 960kHz SCS
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 (a) CDM pattern                                                                               (b) FDM pattern

Figure 5: DMRS for 480kHz SCS
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 (a) CDM pattern                                                                               (b) FDM pattern

Figure 6: DMRS for 120kHz SCS

Based on the above observations, we have the following proposal:
Proposal: Enhancements to DMRS pattern for 480kHz and 960kHz SCSs in the new frequency range should be supported. 
3. PUCCH evaluation 

3.1. CM/PAPR and required SNR 

In this section, we present the CM/PAPR comparison and the required SNR fulfilling the detection criterion: 

· For PF0/1 (payload of 1 or 2 bits) the detection criterion assumes that the PUCCH payload consists of randomly drawn HARQ ACK/NACK bits and the criterion is defined as the SNR for which P(ACK to Error) ≤ 1% AND P(NACK to ACK) ≤ 0.1%. Error is defined as NACK or DTX where the decision region for DTX is determined to ensure that the maximum P(DTX to ACK) ≤ 1% for the case when the input to the receiver is noise only.

· For PF4 (payload greater than 2 bits): the detection criterion is the UCI block error probability BLER ≤ 1% (as in TS38.104 Section 8.3.6)

	Assumptions
	Value

	Carrier Frequency [GHz]
	60 GHz

	Subcarrier Spacing [kHz]
	120, 480, 960 kHz

	Number of usable RBs per carrier
	256 for 120 kHz SCS (corresponds to ~400 MHz carrier)

256 for 480 kHz SCS (corresponds to ~1600 MHz carrier)

160 for 960 kHz SCS (corresponds to ~2000 MHz carrier)

Note: If other values used, companies to report values

	PUCCH Frequency Hopping
	On the two extreme sides of the bandwidth

	PUCCH Frequency Domain Resource Mapping
	N_RB contiguous RBs per hop (with all REs allocated per PRB)

N_RB = 1, 12, 32 for 120kHz

N_RB = 1, 4, 8 for 480kHz

N_RB = 1, 2, 4 for 960kHz

Full-PRB: all RE in the PRB are allocated for PUCCH
Sub-PRB: 

· Case 1: 6 consecutive RE in PRB are allocated for PUCCH

· Case 2: 1 RE per PRB is allocated for PUCCH



	Waveform 
	CP-OFDM for PF0

DFT-s-OFDM for PF4

	CP Type
	Normal CP

	Channel Model
	TDL-A model as defined in of TR38.901 Section 7.7.2:

- Delay spread (DS) = {5ns, 10ns, 20ns} 

	BS Antenna Configuration (Mg,Ng,M,N,P)
	{1,1,1,1,2}

	UE Antenna Configuration (Mg,Ng,M,N,P)
	{1,1,1,1,1}

	Mobility
	3 km/hr

	PA Model
	None

	gNB TRP PN Model
	Zero phase noise

	UE PN Model
	Zero phase noise

	Pre-loaded Tx EVM
	0%

	Additive Rx EVM
	0%

	I-Q Imbalance
	None

	Frequency Offset
	0 ppm

	Channel Estimation
	Realistic channel estimation


Table 3: LLS assumption for CM/PAPR and required SNR
The PUCCH format 0 and 4 simulation results are summarized in the following tables, where frequency hopping is applied and PUCCH resource are allocated on two extreme sides of the band, e.g. for 1RB, the first hop is the first PRB and the second hop is the last PRB of the simulation band, and so on for N_RB>1. 

For PUCCH format 4, OCC = [1,1] with spreading factor 2. 

The analysis of the simulation results are given in our companion document [2]. 
	PF 0
	SCS (kHz)
	N_RB (RB)
	mapping
	sequence
	CM
	Required SNR (dB)

	
	
	
	
	
	
	DS=5 ns
	DS = 10 ns
	DS = 20 ns

	1bit
	120
	1
	Full-PRB
	12-ZC
	0.78
	0.22
	0.04
	-0.13

	
	
	12
	Full-PRB
	Cycling
	1.476
	-10.86
	-10.42
	-9.49

	
	
	12
	Full-PRB
	Long ZC
	2.048
	-10.33
	-10.40
	-9.62

	
	
	12
	Sub-case 1
	Long ZC
	2.693
	-7.63
	-7.45
	-6.65

	
	
	12
	Sub-case 2
	12-ZC
	0.7756
	0.44
	0.36
	1.21

	
	
	32
	Full-PRB
	Cycling
	3.60
	-14.38
	-13.91
	-12.20

	
	
	32
	Full-PRB
	Long ZC
	2.38
	-14.33
	-13.87
	-11.63

	
	
	32
	Sub-case 1
	Long ZC
	6.93
	-11.31
	-10.87
	-10.09

	
	480
	1
	Full-PRB
	12-ZC
	0.78
	-0.28
	0.35
	0.62

	
	
	4
	Full-PRB
	Cycling
	3.3
	-5.46
	-4.65
	-3.81

	
	
	4
	Full-PRB
	Long ZC
	2.22
	-5.59
	-4.65
	-3.53

	
	
	8
	Full-PRB
	Cycling
	2.36
	-8.03
	-6.91
	-4.40

	
	
	8
	Full-PRB
	Long ZC
	1.59
	-8.10
	-6.84
	-4.26

	
	960
	1
	Full-PRB
	12-ZC
	0.78
	0.78
	0.60
	0.85

	
	
	2
	Full-PRB
	Cycling
	2.678
	-1.97
	-2.02
	-0.77

	
	
	2
	Full-PRB
	Long ZC
	0.78
	-1.99
	-2.46
	-1.24

	
	
	4
	Full-PRB
	Cycling
	3.30
	-4.49
	-4.53
	-2.02

	
	
	4
	Full-PRB
	Long ZC
	2.16
	-4.46
	-4.76
	-1.91

	2 bit
	120
	1
	Full-PRB
	12-ZC
	0.78
	0.60
	0.62
	0.18

	
	
	12
	Full-PRB
	Cycling
	1.476
	-10.13
	-9.86
	-9.09

	
	
	12
	Full-PRB
	Long ZC
	2.048
	-9.91
	-10.17
	-9.17

	
	
	12
	Sub-case 1
	Long ZC
	2.692
	-6.97
	-6.75
	-5.96

	
	
	12
	Sub-case 2
	12-ZC
	0.775
	0.84
	0.97
	1.56

	
	
	32
	Full-PRB
	Cycling
	3.60
	-13.98
	-13.44
	-11.02

	
	
	32
	Full-PRB
	Long ZC
	2.38
	-14.08
	-13.39
	-11.28

	
	
	32
	Sub-case 1
	Long ZC
	6.93
	-10.96
	-10.54
	-8.18

	
	480
	1
	Full-PRB
	12-ZC
	0.78
	0.31
	0.70
	1.18

	
	
	4
	Full-PRB
	Cycling
	3.3
	-5.47
	-4.14
	-3.54

	
	
	4
	Full-PRB
	Long ZC
	2.22
	-5.44
	-4.08
	-3.15

	
	
	8
	Full-PRB
	Cycling
	2.36
	-7.74
	-6.41
	-3.94

	
	
	8
	Full-PRB
	Long ZC
	1.59
	-8.04
	-6.31
	-3.90

	
	960
	1
	Full-PRB
	12-ZC
	0.78
	1.35
	0.71
	1.24

	
	
	2
	Full-PRB
	Cycling
	2.6785
	-1.24
	-1.61
	-0.88

	
	
	2
	Full-PRB
	Long ZC
	0.78
	-1.24
	-1.34
	-0.97

	
	
	4
	Full-PRB
	Cycling
	3.30
	-4.15
	-4.10
	-1.82

	
	
	4
	Full-PRB
	Long ZC
	2.16
	-3.92
	-3.82
	-1.75


Table 4: simulation results of PUCCH format 0 for CM/PAPR and required SNR
	PF 4
	SCS (kHz)
	N_RB (RB)
	Coding rate
	mapping
	CM
	Required SNR (dB)

	
	
	
	
	
	
	DS=5 ns
	DS = 10 ns
	DS = 20 ns

	4-bit
	120
	1
	0.0278
	Full-PRB
	3.09
	-5.1
	-5.53
	-5.75

	
	
	12
	
	Full-PRB
	
	
	
	

	
	
	12
	
	Sub-case 2
	
	
	
	

	
	
	32
	9.68e-4
	Full-PRB
	1.87
	-18.28
	-18.33
	-17.83

	
	480
	1
	0.0278
	Full-PRB
	3.09
	-5.66
	-5.59
	-5.16

	
	
	4
	
	Full-PRB
	
	
	
	

	
	
	8
	0.0035
	Full-PRB
	1.87
	-13.72
	-13.19
	-12.23

	
	960
	1
	0.0278
	Full-PRB
	3.09
	-4.3
	-5.25
	-5.16

	
	
	2
	
	Full-PRB
	
	
	
	

	
	
	4
	0.0069
	Full-PRB
	2.16
	-10.63
	-11.02
	-10.39

	11-bit
	120
	1
	0.0764
	Full-PRB
	2.58
	-2.74
	-2.66
	-3.23

	
	
	12
	
	Full-PRB
	
	
	
	

	
	
	12
	
	Sub-case 2
	
	
	
	

	
	
	32
	0.0024
	Full-PRB
	2.26
	-15.58
	-15.93
	-15.70

	
	480
	1
	0.0764
	Full-PRB
	2.58
	-2.98
	-2.67
	-2.30

	
	
	4
	
	Full-PRB
	
	
	
	

	
	
	8
	0.0095
	Full-PRB
	2.26
	-11.23
	-10.60
	-10.26

	
	960
	1
	0.0764
	Full-PRB
	2.26
	-11.23
	-10.60
	-10.26

	
	
	2
	
	Full-PRB
	
	
	
	

	
	
	4
	0.0191
	Full-PRB
	2.22
	-8.19
	-8.86
	-8.24

	22-bit
	120
	1
	0.1528
	Full-PRB
	2.22
	-8.19
	-8.86
	-8.24

	
	
	12
	
	Full-PRB
	
	
	
	

	
	
	12
	
	Sub-case 2
	
	
	
	

	
	
	32
	0.0048
	Full-PRB
	1.63
	-15.03
	-15.66
	-15.43

	
	480
	1
	0.1528
	Full-PRB
	2.58
	-0.85
	-0.68
	-0.2

	
	
	4
	
	Full-PRB
	
	
	
	

	
	
	8
	0.0191
	Full-PRB
	1.93
	-10.42
	-10.08
	-9.60

	
	960
	1
	0.1528
	Full-PRB
	2.58
	0.33
	-0.36
	-0.44

	
	
	2
	
	Full-PRB
	
	
	
	

	
	
	4
	0.0382
	Full-PRB
	2.15
	-6.74
	-7.56
	-7.26


Table 5: simulation results of PUCCH format 0 for CM/PAPR and required SNR
4. Conclusion

This contribution mainly provides the performance evaluation for different DMRS patterns. The following observations and proposal are made. 
Observation 1: For 960kHz SCS, the proposed new CDM pattern can bring around 2dB performance gain compared to Type-2 CDM pattern, while Type-1 CDM pattern cannot meet the 10% BLER requirement in this case.

Observation 2: For 480kHz SCS, the proposed new CDM pattern can bring around 1dB performance gain compared to Type-1 or Type-2 CDM patterns.

Observation 3: For 120kHz SCS, the proposed new CDM pattern and Type-1 CDM pattern share similar performance, and slightly outperform the performance of Type-2 CDM pattern. 

Observation 4: The proposed new FDM pattern and Type-1 FDM pattern share similar performance, and outperform the performance of Type-2 FDM pattern in all the evaluated cases.

Proposal: Enhancements to DMRS pattern for 480kHz and 960kHz SCSs in the new frequency range should be supported. 
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