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Introduction
In RAN #86, a new study item for Rel-17 was approved to extend NR to up to 71 GHz [1]. This contribution provides link level evaluations with different numerologies and system level evaluation with various channel access mechanisms.

This contribution is a revision of R1-2008158.
Link level evaluation results
LLS for PDSCH to study candidate numerologies
In this section, link level evaluation results for TDL-A channel with different delay spread are provided. For link-level evaluations, PTRS configuration (K=4 and L=1) and CPE compensation are considered. Further details evaluation assumptions are summarized in Appendix A.

In Figure 1~3, BLER performances according to MCS 7, MCS 16, and MCS 22 are provided with different BWs. For 400MHz evaluation, 256/128/64/32 RBs are used for 120/240/480/960kHz SCS. For 2000MHz evaluation, 360/160 RBs are used for 480/960kHz SCS. Based on the results, it is observed that link performance of smaller sub-carrier spacing is more degraded especially for higher MCS because of the phase noise impact. It is also observed that higher sub-carrier spacing can mitigate phase noise impact. 
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[bookmark: _Ref53648355]Figure 1: BLER for TDL-A with 5ns
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Figure 2: BLER for TDL-A with 10ns
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[bookmark: _Ref53648357]Figure 3: BLER for TDL-A with 20ns

This set of evaluation results is captured in Table 1. 

[bookmark: _Ref48248479][bookmark: _Ref48248471]Table 1: SINR in dB achieving PDSCH BLER of 10% /1%
	Tdoc /
Source
	MCS
	Channel
	120KHz
/400MHz
	240KHz
/400MHz
	480KHz
/400MHz
	960KHz
/400MHz
	960KHz
/2GHz

	R1-2008873 / Samsung
	7
	TDL-A, 5ns
	4.53/6.89
	4.66/7.24
	5.75/8.32
	6.24/8.47
	2.65/4.08

	
	
	TDL-A, 10ns
	2.79/5.42
	2.95/5.76
	3.99/6.06
	4.40/6.97
	2.51/4.27

	
	
	TDL-A, 20ns
	2.83/4.91
	3.27/5.49
	4.01/5.95
	4.47/6.67
	3.00/3.88

	
	16
	TDL-A, 5ns
	11.77/14.46
	11.09/13.69
	11.70/13.55
	12.18/13.90
	9.85/12.34

	
	
	TDL-A, 10ns
	11.41/13.08
	10.18/12.74
	10.38/12.27
	10.67/12.55
	10.13/11.61

	
	
	TDL-A, 20ns
	10.99/12.40
	10.10/12.19
	10.21/12.39
	11.16/13.19
	10.24/10.96

	
	22
	TDL-A, 5ns
	23.44/NaN
	19.39/NaN
	17.81/20.81
	17.15/21.12
	15.73/19.37

	
	
	TDL-A, 10ns
	23.72/NaN
	18.27/NaN
	16.74/19.62
	16.11/17.74
	15.87/18.84

	
	
	TDL-A, 20ns
	24.28/NaN
	18.83/NaN
	16.62/19.39
	16.41/18.28
	16.65/19.02

	
	Additional report/notes:
1. Normal CP
1. CPE compensation only
1. PTRS configuration: symbol 3-13, K=4, L=1
1. DMRS configuration: symbol 2
1. NaN in the table refers to a large SINR value exceeding the range of interest (i.e., >25 dB)



Proposal 1: Capture Table 1 of the link-level evaluation results for PDSCH in TR 38.808. 
LLS for PDSCH to study PT-RS pattern

A set of simulations for studying the PT-RS pattern is shown in Figure 4 and Figure 5, for the SCS of 120 kHz and 240 kHz, respectively. In this study, we focus on MCS 22, as this is the case with most phase noise impacts, and other evaluation assumptions are as in the Appendix A. For the PT-RS patterns, we choose  (1 RB) and the size of each chunk to be 50 RB, which roughly gives 2% overhead in frequency domain and roughly the same overhead as Rel-15 PT-RS patterns with K = 4 and L = 1. For the ICI compensation, we only compensate up to the first none-CPE ICI components for practical considerations.

It can be observed that phase noise has great impacts in these scenarios and there are clear gaps between the CPE only based compensation and ICI compensation. We can conclude that CPE compensation in these scenarios is not sufficient and additional ICI compensation could achieve reasonable performance. Hence, supporting new PT-RS pattern to enable ICI compensation is essential for enhancing BLER performance in the higher frequency range. 
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[bookmark: _Ref54102811]Figure 4 Study of PT-RS pattern for 120 kHz SCS. 
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[bookmark: _Ref54102812]Figure 5 Study of PT-RS pattern for 240 kHz SCS. 
This set of evaluation results is captured in Table 2 and Table 3. 

Table 2: SINR in dB achieving PDSCH BLER of 10% /1%
	Tdoc /
Source
	MCS
	Channel
	120KHz
/400MHz
New pattern
No comp
	120KHz
/400MHz
New pattern
CPE comp
	120KHz
/400MHz
New pattern
ICI comp
	120KHz
/400MHz
R15 pattern
CPE comp

	R1-2008873 / Samsung
	22
	TDL-A, 5ns
	NaN/NaN
	22.71/NaN
	18.79/22.05
	23.45/NaN

	
	
	TDL-A, 10ns
	NaN/NaN
	22.68/NaN
	17.65/21.49
	23.81/NaN

	
	Additional report/notes:
1. Normal CP
2. PTRS configuration: Rel-15 pattern: K=4, L=1; new pattern: 1 RB in 50 RB chunk
3. DMRS configuration: symbol 2
4. NaN in the table refers to a large SINR value exceeding the range of interest (i.e., >25 dB)



Table 3: SINR in dB achieving PDSCH BLER of 10% /1%
	Tdoc /
Source
	MCS
	Channel
	240KHz
/400MHz
New pattern
No comp
	240KHz
/400MHz
New pattern
CPE comp
	240KHz
/400MHz
New pattern
ICI comp
	240KHz
/400MHz
R15 pattern
CPE comp

	R1-2008873 / Samsung
	22
	TDL-A, 5ns
	NaN/NaN
	19.25/NaN
	17.11/19.98
	19.41/NaN

	
	
	TDL-A, 10ns
	NaN/NaN
	18.76/NaN
	16.20/19.16
	18.29/NaN

	
	Additional report/notes:
1. Normal CP
2. PTRS configuration: Rel-15 pattern: K=4, L=1; new pattern: 1 RB in 50 RB chunk
3. DMRS configuration: symbol 2
4. NaN in the table refers to a large SINR value exceeding the range of interest (i.e., >25 dB)



Proposal 2: Capture Table 2 and Table 3 of the link-level evaluation results for studying PT-RS pattern in TR 38.808. 
System level evaluation results
In this section, a set of evaluation results for different channel access mechanisms is shown in Figure 4 and Figure 5, for DL and UL UPT respectively, wherein the system-level simulation is for Scenario indoor-A, and the LBT based channel access procedure is using EN 302 567 as baseline. Detailed evaluation assumptions are reported in the Appendix B. 

 It can be observed that directional LBT performs better than omni-directional LBT, in terms of the DL and UL throughput (both mean and 5% tile), and directional LBT has performance gain over no LBT for high load case. It can also be observed that directional LBT has higher gain in term of the 5% tile performance, which implies a more accurate channel interference estimation for the 5% tile UEs. 
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Figure 4. DL UPT results for different channel access mechanisms.
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Figure 5. UL UPT results for different channel access mechanisms.

This set of evaluation results is captured in Table 4. 

[bookmark: _Ref48248896]Table 4: System level evaluation results for scenario Indoor-A
	Tdoc /
Source
	Cases
	Case 1: no LBT
	 Case 2: omni-directional LBT
	Case 3: directional LBT

	R1-2008873 / Samsung
	                Traffic 
load
Metrics              
	Low load
10%~25% BO 
	Medium load
35%~50% BO
	High load
above 55% BO
	Low load
10%~25% BO 
	Medium load
35%~50% BO
	High load
above 55% BO
	Low load
10%~25% BO 
	Medium load
35%~50% BO
	High load
above 55% BO

	
	DL UPT (Mbps)
	5%ile
	3693.6
	2131.4
	1387.1
	3420.3
	1903.6
	1288.3
	3606.2
	2184.3
	1639.7

	
	
	50%ile
	7720.5
	6641.6
	4006.2
	7462.8
	6370.2
	3822.1
	7646.8
	6801.9
	4579.4

	
	
	95%ile
	14264.1
	14208.3
	14031.9
	13595.5
	13472.0
	13039.9
	14196.5
	14355.6
	14156.4

	
	
	mean
	8002.7
	7161.2
	5248.9
	7643.7
	6897.7
	4573.9
	7894.3
	7197.6
	5431.5

	
	DL delay (s)
	5%ile
	0.015
	0.017
	0.019
	0.015
	0.017
	0.020
	0.015
	0.017
	0.018

	
	
	50%ile
	0.030
	0.038
	0.050
	0.033
	0.042
	0.053
	0.030
	0.037
	0.046

	
	
	95%ile
	0.063
	0.078
	0.095
	0.064
	0.080
	0.097
	0.064
	0.076
	0.090

	
	
	mean
	0.033
	0.040
	0.051
	0.036
	0.044
	0.055
	0.034
	0.038
	0.047

	
	UL UPT (Mbps)
	5%ile
	1189.4
	465.8
	277.2
	1125.1
	401.5
	246.0
	1135.4
	485.4
	295.3

	
	
	50%ile
	2850.8
	1748.4
	927.7
	2413.5
	1687.9
	882.6
	2813.2
	1791.0
	977.9

	
	
	95%ile
	5698.3
	5466.0
	5125.8
	5537.3
	5348.2
	5011.1
	5613.9
	5495.2
	5213.8

	
	
	mean
	2436.7
	1734.0
	1029.5
	2297.6
	1627.7
	922.6
	2404.5
	1783.4
	1174.2

	
	UL delay (s)
	5%ile
	0.032
	0.041
	0.054
	0.032
	0.042
	0.055
	0.032
	0.041
	0.051

	
	
	50%ile
	0.068
	0.102
	0.143
	0.070
	0.107
	0.146
	0.069
	0.100
	0.141

	
	
	95%ile
	0.150
	0.205
	0.296
	0.152
	0.209
	0.301
	0.150
	0.202
	0.291

	
	
	mean
	0.089
	0.117
	0.152
	0.091
	0.120
	0.158
	0.090
	0.114
	0.146

	
	Arrival rate (files/s)
	0.4
	0.8
	1.2
	0.4
	0.8
	1.2
	0.4
	0.8
	1.2

	
	𝜌DL
	0.99
	0.99
	0.98
	0.99
	0.98
	0.98
	0.99
	0.99
	0.98

	
	𝜌UL
	0.98
	0.97
	0.97
	0.98
	0.96
	0.96
	0.99
	0.98
	0.98

	
	BO
	0.15
	0.44
	0.74
	0.17
	0.48
	0.80
	0.15
	0.43
	0.71

	
	Additional report/notes:
1. LBT procedure and parameters are following ETSI 302 567 v2.1.20
2. Details of cases: 
· Case 1: Indoor-A with two operators, no-LBT
· Case 2: Indoor-A with two operators, omni-directional LBT
· Case 3: Indoor-A with two operators, directional LBT
3. No COT sharing
4. Other parameters to report: 
· Carrier frequency: 60 GHz
· Carrier bandwidth: 2 GHz
· Numerology: 960 kHz SCS with NCP




Proposal 3: Capture Table 4 of the system-level evaluation results for channel access mechanisms in TR 38.808. 
Conclusion
In this contribution, we collect the link-level and system-level evaluation results for extending NR to 71 GHz. Proposals of this contribution are summarized as follows. 

Proposal 1: Capture Table 1 of the link-level evaluation results for PDSCH in TR 38.808. 

Proposal 2: Capture Table 2 and Table 3 of the link-level evaluation results for studying PT-RS pattern in TR 38.808. 

Proposal 3: Capture Table 4 of the system-level evaluation results for channel access mechanisms in TR 38.808. 
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Appendix A
Table 5 Evaluation assumptions in LLS 
	Parameters
	Values

	Carrier frequency
	60 GHz

	Waveform
	CP-OFDM

	Antenna configuration
	2x2 (for TDL model)

	MIMO Layer
	[bookmark: _GoBack]1 

	Subcarrier spacing
	120/240/480/960 kHz

	CP length
	NCP

	Phase noise model
	TR38.803 Example 2

	MCS
	NR Rel-15 MCS Table

	MIMO reception algorithm
	MMSE

	Channel model
	TDL-A

	RB allocation
	2 GHz: 320/160
400 MHz: 256/128/64/32

	FFT size
	2 GHz: 4096/2048
400 MHz: 4096/2048/1024/512

	PDSCH symbol indexes
	2-13

	DMRS symbol index
	2

	DMRS bundling size
	Full allocated BW

	PTRS symbol indexes
	3-13

	PTRS density 
	One tone per 4 RBs for Rel-15 pattern, one RB in 50 RB chunk for new pattern 

	Channel code
	LDPC

	Channel estimation
	MMSE

	Transmission mode 
	QPSK:526/1024; MCS 7
16QAM: 658/1024; MCS 16
64QAM:666/1024; MCS 22


Appendix B
Table 4 Evaluation assumptions in SLS 
	Parameters
	Values

	Carrier frequency
	60 GHz

	Subcarrier spacing
	960 KHz

	Bandwidth
	2 GHz

	Number of RBs
	160

	Development scenario
	Indoor-A

	UE distribution
	5 per BS

	Channel model
	InH open office

	Mobility
	1 km/hr

	BS antenna configuration
	(Mg,Ng,M,N,P) = (1,1,4,8,2) with (0.5 dv, 0.5 dH)

	BS antenna element gain
	5 dBi

	UE antenna configuration
	(Mg,Ng,M,N,P) = (1,2,2,2,2) with (0.5 dv, 0.5 dH)

	UE antenna element gain
	5 dBi

	BS power limitation
	40 dBm EIRP

	UE power limitation
	25 dBm EIRP with 21 dBm max TxP

	BS NF
	7 dB

	UE NF
	10 dB

	PDCCH overhead
	2 symbol per slot 

	DMRS overhead
	1 symbol per slot

	Traffic model
	FTP model 3 (27 Mbyte file)

	DL/UL traffic radio
	50% DL, 50% UL

	LBT based channel access
	EN 302 567
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