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Introduction
[bookmark: _GoBack]In order to efficiently utilize the large amounts of unlicensed spectrum available worldwide, both licensed operation and unlicensed operation are considered for NR. At RAN-75, a study item on NR-based Access to Unlicensed Spectrum was approved [1]. One objective is to:
· Study NR-based operation in unlicensed spectrum (RAN1, RAN2, RAN4) including 
· Physical channels inheriting the choices of duplex mode, waveform, carrier bandwidth, subcarrier spacing, frame structure, and physical layer design made as part of the NR study and avoiding unnecessary divergence with decisions made in the NR WI
· Consider unlicensed bands both below and above 6GHz, up to 52.6GHz
· Consider unlicensed bands above 52.6GHz to the extent that waveform design principles remain unchanged with respect to below 52.6GHz bands 
· Consider similar forward compatibility principles made in the NR WI 
· Initial access, channel access. Scheduling/HARQ, and mobility including connected/inactive/idle mode operation and radio-link monitoring/failure
· Coexistence methods within NR-based and between NR-based operation in unlicensed and LTE-based LAA and with other incumbent RATs in accordance with regulatory requirements in e.g., 5GHz, 37GHz, 60GHz bands 
· Coexistence methods already defined for 5GHz band in LTE-based LAA context should be assumed as the baseline for 5GHz operation. Enhancements in 5GHz over these methods should not be precluded. NR-based operation in unlicensed spectrum should not impact deployed Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier;

In this contribution, we discuss NR operation in 60GHz unlicensed band in different aspects. This is a revision of R1-1802775.
[bookmark: _Ref178064866]Discussion
60GHz regulation rules
Unlicensed spectrum regulations typically include occupied bandwidth constraints, radio duty cycle restrictions, limits on transmit power, equivalent isotropically radiated power (EIRP), power spectrum density (PSD) and possibly channel access rules in some regions. The 60 GHz unlicensed spectrum offers large utilizable contiguous bandwidths in different regions of the world. In Table 1, we give an overview of the Radio LAN regulations in different regions, i.e. in Europe [2], US [3] and China.
 Table 1 summarizes the regulations discussed above in Europe, USA and China.
 [image: ]

Regarding channel access regulation, Europe is making listen before talk (LBT) mandatory for coexistence purposes (see section 4.2.5.3 in [2]). This rule seems a simple adoption of the channel access rules in 5GHz without sufficient studies, evaluations and discussions to assess its merit. However, the situation in 60GHz is quite different with that in 5GHz, e.g. high gain beamforming, which can invalidate the benefit from LBT.
Based on the indoor scenario evaluation setup in “Appendix - Simulation Assumptions” and the LBT settings under regulation rules in [2] (i.e. ED threshold = -47dBm), the following results on mean and 5th object user rate are shown in Figure 1. It could be seen that the system is working well even without LBT which indicates that coexistence in high frequency bands might not be a problem.
 [image: ] [image: ]
[bookmark: _Ref505778344]Figure 1	Mean object user rate (left) and 5th object user rate (right)  
[bookmark: _Toc472092067][bookmark: _Toc477793227][bookmark: _Toc477794298][bookmark: _Toc477794306][bookmark: _Toc477794314]The system is working well with high gain beamforming in 60GHz for both the no LBT and omni LBT case which indicates that coexistence might not be a problem.
[bookmark: _Toc505785504][bookmark: _Toc506283635][bookmark: _Toc510194352]Channel access studies are not needed at the 1st stage since the system is working well with existing schemes.

60 GHz system design
NR design should aim at carrying out large bandwidth transmissions to efficiently utilize the potential of the large contiguous bandwidths. Now NR release 15 support up to 400MHz for one carrier and NR systems in 60GHz should support larger bandwidth than this. Besides, it will be simpler for the systems to share the spectrum if they are based on the same channelization. Based on the determined supported carrier bandwidth, new numerology should also be designed to enable larger carrier bandwidth.
[bookmark: _Toc505785506][bookmark: _Toc506283637][bookmark: _Toc510194353]NR systems in 60GHz should support carrier bandwidth larger than 400MHz and new numerology design is needed accordingly. 
While the 60 GHz frequencies show high propagation path loss, utilizing directional communication and benefiting from beamforming gains become highly attractive. Due to small wavelengths it is fairly easy to fabricate small-sized multi element antenna arrays for beamforming. Directional communication naturally reduces the interference probability to other collocated devices. Beamforming, spatial multiplexing and MU-MIMO would be important aspects for NR operation in the mmWave frequencies. Beamforming parameters using multi-element antennas and advanced antenna techniques are expected to play an important role for NR operation in cm- and mmWave frequencies. In the context of NR operation in 60 GHz, both transmitter and receiver side beamforming aspects should be studied. 
In contrast with the licensed operation, there are several specific regulatory requirements for unlicensed spectrum. Therein, transmission power limitation is an important aspect, which is set by regulators and can be different from region to region for a particular spectrum band. EIRP (equivalent isotropically radiated power) is usually used as the limitation parameter where it is defined as sum of transmitter output power, antenna gain and beamforming gain. However, with different number of antennas or transmission modes, the beamforming gain is dependent on the number of antennas, number of transmitted spatial streams, etc. For example, if transmit signals are correlated with one another, e.g., single-stream transmit beamforming, the beamforming gain could be calculated as 10log(Nant). The calculation details for all possible transmission modes are described in the FCC regulation report [3]. Therefore, in different transmission modes, different beamforming gains will result in different transmission power limitations.
Transmission power could be adapted according to different operating methods and antenna settings with different beamforming gain to meet EIRP requirement.
[bookmark: _Toc457979802][bookmark: _Toc457980114][bookmark: _Toc457980326][bookmark: _Toc458504251][bookmark: _Toc458504823][bookmark: _Toc458504858][bookmark: _Toc505785507][bookmark: _Toc506283638][bookmark: _Toc510194354]Transmission power adaptation needs to be studied for NR operation in unlicensed band especially for 60GHz.
 
Conclusion
In this contribution, we discussed several issues for NR operation in 60GHz. Based on the discussion we have made the following proposals:
Proposal 1	Channel access studies are not needed at the 1st stage since the system is working well with existing schemes.
Proposal 2	NR systems in 60GHz should support carrier bandwidth larger than 400MHz and new numerology design is needed accordingly.
Proposal 3	Transmission power adaptation needs to be studied for NR operation in unlicensed band especially for 60GHz.
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[bookmark: _Ref510689957][bookmark: _Ref510689889]Appendix - Simulation Assumptions 
In this contribution we have used a denser version of the NR Indoor Hotspot deployment due to the large pathloss experienced in 60 GHz.

	Table 2. Simulation parameters for indoor mmW scenario


	
	Unlicensed cell

	Layout for nodes
	The BSs are deployed similarly to 3GPP 38.802 indoor hotspot but with two operators. Layout dimensions: 120x50x3 m^3.
Two operators deploy 12 small cells each in the single-floor building. 

The distance between two closest BSs are randomly within 10m. 
[image: ]

	System bandwidth per carrier
	800MHz per CC

	Carrier frequency 
	60 GHz

	Subcarrier spacing
	240 kHz

	Number of carriers
	1 (to be shared between two operators). 

	Total BS TX power
	14 dBm 

	Total UE TX power 
	21dBm 

	Distance-dependent path loss
	InH Open Office [referring TR 38.901, Chapter 7.4.1]
(3D distance between a BS and a UE is applied. Working assumption is that 3D distance is also used for LOS probability and break point distance)

	Shadowing
	InH indoor office [referring TR38.901, Table 7.5-6 part 2]
Working assumption is that 3D distance is used for shadowing correlation distance

	BS antenna pattern
	(M, N, P, Mg, Ng)  = (8, 16, 2, 1, 1), dH = dV = 0.5 λ

	BS antenna height
	3m (ceiling)

	BS antenna gain 
	5dBi



	UE antenna pattern
	(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH = dV = 0.5 λ

	UE antenna height
	1.5m

	UE antenna gain 
	0 dBi

	BS noise figure
	7dB

	UE noise figure
	13dB

	UE receiver 
	MMSE-IRC as the baseline receiver
Note: Advanced receiver is not precluded.

	Number of UEs 
	5 UEs per unlicensed band carrier per BS per operator 

	UE dropping per network
	All UEs should be randomly dropped and be within coverage of the small cell in the unlicensed band.
Example of a dropping method to achieve this with N=5 UEs: 
· Drop a large enough number of UEs, so that at least 5 UEs are covered by the small cell in the unlicensed band. 
· Randomly select 5 UEs from the UEs that have coverage.

	Minimum distance (2D distance)
	0m

	Traffic model 
	- FTP Model 3: Based on FTP model 2 as in TR 36.814 with the exception that packets for the same UE arrive according to a Poisson process with arrival rate 𝜆 and the transmission time of a packet is counted from the time instance it arrives in the queue.
- FTP model file size: 2 Mbytes.
- DL/UL traffic ratio 
· 50% DL traffic and 50% UL traffic. 
· Optional: 80% DL traffic and 20% UL traffic.
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« Antenna gain: In case of less than 51 dBi
EIRP = 82 dBm-2* (51 - Antenna gain)
« Antenna gain 51 dBi or over
EIRP =82 dBm

Not specified

9uW/cm? average

Indoors 18uW/cm? peak

57-66 GHz 40 dBm 13dBm/Hz

Antenna power: 10 dBm (10 mW) max.

59-64 GHz. 44 dBm Not specified
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