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1	Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In RAN#86, a new SI has been approved for supporting NR from 52.6 GHz to 71 GHz in NR Rel. 17 with following objectives captured in [1]:
· Study of required changes to NR using existing DL/UL NR waveform to support operation between 52.6 GHz and 71 GHz
· Study of applicable numerology including subcarrier spacing, channel BW (including maximum BW), and their impact to FR2 physical layer design to support system functionality considering practical RF impairments [RAN1, RAN4].
· Identify potential critical problems to physical signal/channels, if any [RAN1].

· Study of channel access mechanism, considering potential interference to/from other nodes, assuming beam-based operation, in order to comply with the regulatory requirements applicable to unlicensed spectrum for frequencies between 52.6 GHz and 71 GHz [RAN1].
· Note: It is clarified that potential interference impact, if identified, may require interference mitigation solutions as part of channel access mechanism.   

In this contribution, we provide additional link level simulations results and observations for different SCS. Also currently, there is an on-going email discussion for collecting results for both link level and system level simulations. In the appendix, we also include the results in the tables form that we provide for the email discussion and some additional results with TDL-A channel. Furthermore, other results and analysis are also provided in our contribution R1-2007560 [2].

2	Discussion

2.1 BLER vs SNR for PDSCH with CDL-B channel
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Figure 1: BLER vs SNR for PDSCH with 400MHz BW for 60GHz carrier frequency, delay spread 20ns, NCP
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Figure 2: BLER vs SNR for PDSCH with 400MHz BW for 60GHz carrier frequency, delay spread 50ns, NCP
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Figure 3: BLER vs SNR for PDSCH with 400MHz BW for 60GHz carrier frequency, delay spread 20ns, ECP
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Figure 4: BLER vs SNR for PDSCH with 400MHz BW for 60GHz carrier frequency, delay spread 50ns, ECP

Based on the results for BLER vs SNR, following observations can be made:
Observation 1: For lower delay spread, low-mid range MCS and normal cyclic prefix, there is no significant performance difference for target BLER between different subcarrier spacing values
Observation 2: For lower delay spread, higher MCS and normal cyclic prefix, 960kHz subcarrier spacing performs the best and with significant performance difference for target BLER of 1%, that might be needed for URLLC
Observation 3: For higher delay spread and normal cyclic prefix, 960kHz subcarrier spacing performs the worst and target BLER cannot be reached for high MCS
Observation 4: For higher delay spread and extended cyclic prefix, 960kHz subcarrier spacing performance is significantly improved compared to normal cyclic prefix

2.2 Spectral efficiency vs SNR for PDSCH with CDL-B channel
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Figure 5: Spec. Eff. vs SNR for PDSCH with 400MHz BW for 60GHz carrier frequency, delay spread 20ns, NCP
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Figure 6: Spec. Eff. vs SNR for PDSCH with 400MHz BW for 60GHz carrier frequency, delay spread 50ns, NCP
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Figure 7: Spec. Eff. vs SNR for PDSCH with 400MHz BW for 60GHz carrier frequency, delay spread 20ns, ECP
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Figure 8: Spec. Eff. vs SNR for PDSCH with 400MHz BW for 60GHz carrier frequency, delay spread 50ns, ECP

Based on the results for spectral efficiency, following observations can be made:
Observation 5: For lower delay spread, low-mid range MCS and normal cyclic prefix, there is no significant performance difference in terms of spectral efficiency between different subcarrier spacing values
Observation 6: For lower delay spread, higher MCS and normal cyclic prefix, 960kHz subcarrier spacing performs the best and reaches the peak spectral efficiency at much lower SNR
Observation 7: For higher delay spread and normal cyclic prefix, 960kHz subcarrier spacing performs the worst
Observation 8: For higher delay spread and extended cyclic prefix, 960kHz subcarrier spacing performance is significantly improved compared to normal cyclic prefix and it performs slightly better than 480kHz for high MCS

3	Conclusion 

Here we summarize the observations from the above section:
Observation 1: For lower delay spread, low-mid range MCS and normal cyclic prefix, there is no significant performance difference for target BLER between different subcarrier spacing values
Observation 2: For lower delay spread, higher MCS and normal cyclic prefix, 960kHz subcarrier spacing performs the best and with significant performance difference for target BLER of 1%, that might be needed for URLLC
Observation 3: For higher delay spread and normal cyclic prefix, 960kHz subcarrier spacing performs the worst and target BLER cannot be reached for high MCS
Observation 4: For higher delay spread and extended cyclic prefix, 960kHz subcarrier spacing performance is significantly improved compared to normal cyclic prefix
Observation 5: For lower delay spread, low-mid range MCS and normal cyclic prefix, there is no significant performance difference in terms of spectral efficiency between different subcarrier spacing values
Observation 6: For lower delay spread, higher MCS and normal cyclic prefix, 960kHz subcarrier spacing performs the best and reaches the peak spectral efficiency at much lower SNR
Observation 7: For higher delay spread and normal cyclic prefix, 960kHz subcarrier spacing performs the worst
Observation 8: For higher delay spread and extended cyclic prefix, 960kHz subcarrier spacing performance is significantly improved compared to normal cyclic prefix and it performs slightly better than 480kHz for high MCS
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5	Appendix 
5.1 Link-level simulation parameters

	Parameters
	Values

	Waveform
	CP-OFDM

	Carrier Freqeuncy 
	60 GHz

	Channel
	PDSCH

	Phase Noise Model
	TR 38.803, 6.1.11, Example 2 (Tx:BS, Rx: UE for PDSCH)

	Start smbol, Length
	1,12 

	PTRS Config
	K=4, L=1

	Channel
	CDL-B (config. 2)
(Mg,Ng,M,N,P) = (1,1,4,8,2) BS with (0.5 dv, 0.5 dH)
(Mg,Ng,M,N,P) = (1,1,2,2,2) UE with (0.5 dv, 0.5 dH)

	Mobility
	3 kmph 

	DMRS
	1-symbol front-loaded 

	MCS
	7,16,22 

	Transmission
	Rank 1 

	Channel Estimation
	Real

	Noise Estimation
	Ideal 

	PN Compensation
	With CPE

	Performance Metric
	BLER vs SNR, Spectral Efficiency vs SNR

	Delay Spread (ns)
	20,50 (CDL-B)

	BW (MHz)
	400 MHz
	2000 MHz

	Sampling Rate
	0.491520 GHz
	3.93216 GHz

	SCS, # of RBs
	120 kHz,256
	240 kHz, 128
	480 kHz, 64
	960 kHz, 32
	960 kHz, 160

	FFT Size
	4096
	2048
	1024
	512
	4096

	Symbol length (w/o CP)
	8.3333 us
	4.1666 us
	2.0833 us
	1.0416 us
	1.0416 us

	Normal Cyclic Prefix 
(l=0,7) / (l≠0,7)
	0.651 µs / 0.586 µs 
	0.325 µs /   0.293 µs
	0.163 µs / 0.146 µs
	0.081 µs / 0.073 µs
	0.081 µs /
0.073 µs

	Extended Cyclic Prefix
	2.08  µs
	1.04  µs
	0.52  µs 
	0.26  µs
	0.26  µs





















5.2 Results in table template submitted for email discussion
[bookmark: _Ref48248479][bookmark: _Ref48248471]
Table B.1.1-1: LLS template: SINR in dB achieving PDSCH BLER of 10% /1%
	Tdoc /
Source
	MCS
	Channel
	120KHz
/400MHz
	240KHz
/400MHz
	480KHz
/400MHz
	960KHz
/400MHz
	960KHz
/2GHz

	Lenovo, Motorola Mobility
	7
	TDL-A, 5ns
	 3/ 5.2
	3.2/ 5.17
	3.2/5.22

	3.7/5.9

	2.4/ 3.9

	
	
	TDL-A, 10ns
	2.6/ 4.5
	2.7/ 4.7
	2.7/ 4.7
	3.5/5.5
	2.4/ 3.9

	
	
	TDL-A, 20ns
	2.4/ 3.9
	2.6/ 4.1
	3.1/ 4.5
	4/ 5.9
	2.4/ 3.8

	
	
	CDL-B, 20ns
	4.9/5.9
	5.2/6.1
	6/6.8
	5.2/6.2
	5/6.2

	
	
	CDL-B, 50ns
	5.1/7
	5.3/6.8
	7/8.3
	7.8/8.9
	7.5/8.7

	
	16
	TDL-A, 5ns
	11.2/ 14.4
	11.2/ 14.2
	10.9/ 13.5

	11 /13.8

	10.9/ 12.8

	
	
	TDL-A, 10ns
	10.8/ 13
	10.8/ 13
	10.5/ 12.5
	11/13.7
	10.9/ 12.9

	
	
	TDL-A, 20ns
	10.7/ 12.6
	10.7/ 12.6
	10.7/ 12.6
	11.5/ 13.8
	10.5/ 12.3

	
	
	CDL-B, 20ns
	13/14.5
	12.3/12.9
	13.1/13.8
	12/12.7
	12.3/13.2

	
	
	CDL-B, 50ns
	13.2/14.5
	13.7/15.5
	14.7/15.6
	18/19.7
	18.1/20.9

	
	22
	TDL-A, 5ns
	27/ -
	20/ -
	18/33

	17.8 / 26.8

	24/ -

	
	
	TDL-A, 10ns
	-/ -
	25.2/ -
	19.1/ -
	18.5/ 33
	- /- 

	
	
	TDL-A, 20ns
	-/ -
	-/ -
	23.5/ -
	20/ -
	-/-

	
	
	CDL-B, 20ns
	-/ -
	-/ -
	21.2/25.8
	17.4/18.4
	19.3/21.8

	
	
	CDL-B, 50ns
	-/ -
	-/ -
	-/ -
	-/ -
	-/ -

	
	
	CDL-B, 50ns (ECP)
	
	
	21.4/26.1
	19.1/21.4
	21.4/25.3












5.2 Additional results with TDL-A

	
400 MHz bandwidth
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2GHz bandwidth
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