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1. Introduction

In order to support wide range of services, 5G NR system aims to be flexible enough to meet the connectivity requirements of a range of existing and future (as yet unknown) services to be deployable in an efficient manner. In particular, NR considers supporting potential use of frequency range up to 100 GHz (ref. TR 38.913).  

NR specifications that have been developed in Rel-15 and Rel-16 define operation for frequencies up to 52.6GHz, where all physical layer channels, signals, procedures, and protocols are designed to be optimized for uses under 52.6GHz. 

However, frequencies above 52.6GHz are faced with more difficult challenges, such as higher phase noise, larger propagation loss due to high atmospheric absorption, lower power amplifier efficiency, and strong power spectral density regulatory requirements in unlicensed bands, compared to lower frequency bands. Additionally, the frequency ranges above 52.6 GHz potentially contain larger spectrum allocations and larger bandwidths that are not available for bands lower than 52.6 GHz. 

2. Discussion

According to the SID, the first essential scope is the waveform for DL and UL to support frequency above 52.6 GHz. There are several challenges that are identified for such high frequency band. These challenges are more related to the RF front restriction. One issue is the tradeoff between carrier frequency and the phase noise. It is natural that the phase noise variance is proportional to the carrier frequency, similar to the Doppler spread. Thus, an efficient solution to relieve the phase noise is to increase the subcarrier spacing. Thus, when designing a suitable subcarrier spacing for 52.6 GHz above frequency, the phase noise impact as well as the Doppler spread impact should be considered and simulated. In this last RAN1#101 e-meeting, we have discussed and agreed on the simulation assumptions [1]. From our simulation results in Fig. 1, 2 and 3, it can be seen that the phase noise impact in terms of BLER performance is significant for higher MCS transmission. For instance, already at MCS 16, which is a moderate MCS case, BLER performance without CPE compensation display a remarkable performance loss ranging from 4 to 6 dB at 10^-1 BLER level depending on SCS value. Furthermore, when moving to MCS 22, the phase noise will completely damage the transmission quality if the PRTS based CPE compensation is not implemented. 
Table 1: simulation assumptions

	Carrier frequency: 
	60GHz

	Channel model: 
	TDL-A 10 ns
CDL-B 20 ns

	Antenna configuration
	TDL-A: 2x2

CDL-B: 
(Mg,Ng,M,N,P)=(1,1,8,16,2) BS with (0.5 dv, 0.5 dH)

(Mg,Ng,M,N,P)=(1,1,4,4,2) UE with (0.5 dv, 0.5 dH)



	waveform
	CP-OFDM

	SCS
	120/240/480/960KHz

	Bandwidth: 
	400MHz

	Phase noise model: 
	TR38.803 example 2 (including PN gNB profile and UE profile)

	Reference signal
	PTRS: K=4, L=1
DMRS: 1 front load

	MCS:
	7/16/22

	PDSCH SLIV: 
	S=2, L=12

	Channel estimation
	MMSE


Observation 1: For lower MCS case, performance degradation due to phase noise is not significant; while for high MCS case, performance degradation is remarkable. 

Observation 2: For MCS 22, CPE compensation is necessary for SCS up to 960KHz.  Moreover, for SCS smaller than 960KHz, even with CPE compensation, there is several dBs performance loss. 

Observation 3: For 960 KHz, from low MCS (MCS7) up to high MCS (MCS22), the performance loss is controlled under 1 dB with PRTS-based CPE compensation. 

Observation 4: For smaller 960 KHz, for performance loss is larger than 2 dB at high MCS case even with PTRS-based CPE compensation. 
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Fig. 1: BLER vs. SNR for TDL-A MCS 7 with different SCS
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Fig. 2: BLER vs. SNR for TDL-A MCS 16 with different SCS
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Fig. 3: BLER vs. SNR for TDL-A MCS 22 with different SCS
[image: image4.png]BLER

CDL-B channel, MCS:

&+ SCS=120k, PN wio CPE
—&— SCS=240k, PN off

@+ SCS=240k, PN wio CPE
—&— SCS=480K, PN off

© - SCS=480k, PN wio CPE
—&— SCS=960k, PN off

© - SCS=960k, PN wio CPE

21 20

19 18
SNRin dB

A7




 Fig. 4: BLER vs. SNR for CDL-B MCS 7 with different SCS
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Fig. 5: BLER vs. SNR for CDL-B MCS 16 with different SCS
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Fig. 6: BLER vs. SNR for CDL-B MCS 22 with different SCS
Based on the observations, we think that 960KHz is a good SCS candidate for high frequency band, although we have not run the simulations for larger delay spread channel model, e.g. CDL-B 50ns, which might put some pressures on the BLER performance for 960KHz. This needs to be further studied. Otherwise, for small MCS case, different SCS seem to have similar performance. Thus, for broadcast system information, the SCS can reuse the FR2 setting, e.g. 120KHz might still be reused. 
On the other hand, for the SCS between 120KHz and 960KHz, no big performance loss for low and moderate MCS case, but displays obvious loss for high MCS. Thus, we need to further study if the PTRS enhancement would be needed for these SCS cases. 
Based on the above analysis, we have the following proposals:
Proposal 1: consider adding 960KHz as a SCS candidate for 52.6GHz to 71GHz. 
Proposal 2: consider reusing FR2 SCS for initial access phase. 

Proposal 3: further study the need for PTRS enhancement for smaller SCS than 960KHz. 

Proposal 4: further study if 960 KHz can be suitable for higher delay spread channel, e.g. CDL-B 50ns. 
3. Conclusions

In this contribution, we have discussed the link level simulation results and the performance comparison among different SCS cases. The following observations and proposals are made.

· Observation 1: For lower MCS case, performance degradation due to phase noise is not significant; while for high MCS case, performance degradation is remarkable. 

· Observation 2: For MCS 22, CPE compensation is necessary for SCS up to 960KHz.  Moreover, for SCS smaller than 960KHz, even with CPE compensation, there is several dBs performance loss. 

· Observation 3: For 960 KHz, from low MCS (MCS7) up to high MCS (MCS22), the performance loss is controlled under 1 dB with PRTS-based CPE compensation. 

· Observation 4: For smaller 960 KHz, for performance loss is larger than 2 dB at high MCS case even with PTRS-based CPE compensation. 

· Proposal 1: consider adding 960KHz as a SCS candidate for 52.6GHz to 71GHz. 

· Proposal 2: consider reusing FR2 SCS for initial access phase. 

· Proposal 3: further study the need for PTRS enhancement for smaller SCS than 960KHz. 

· Proposal 4: further study if 960 KHz can be suitable for higher delay spread channel, e.g. CDL-B 50ns. 
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