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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.
[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 [4] and 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 is clearly seen that LBT doesn’t bring any benefit for spectrum sharing between two operators in terms of both mean and 5th user data rate. Furthermore, the performance with LBT becomes even a little worse than no LBT case, which means making LBT mandatory in this case is not good.
 [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]Regulation rules on 60GHz, especially channel access rule, is not mature enough to achieve good spectrum sharing currently.
[bookmark: _Toc505785504][bookmark: _Toc506283635]Further work is needed to establish efficient coexistence in the 60GHz band. However, any optimizations for operation in this band should be considered after the channel access scheme for lower frequency bands (sub-7 GHz) is complete.

60GHz channel access
For 60GHz unlicensed band shared by multiple operators or technologies, a good channel access mechanism is needed to ensure good coexistence. However, current LBT scheme by regulations doesn’t solve the coexistence problem in high gain beamforming case as shown in Section 2.1. One straightforward solution may be directional LBT, i.e. the source node listens to the channel with directional antennas instead of omni antenna. Next, we will present a simple analysis of directional LBT. However, as we argue below, the hidden/exposed node problem may be accentuated by directional LBT compared to omni-LBT.
The key idea of any form of LBT is that the source node (SN) listens to check the channel status before it actually transmits to the destination node (DN). In other words, the default mode of LBT for the SN is ‘not to send,’ and data is sent only when it is confirmed that the channel is available by listening. Here ‘available’ means that the planned transmission will neither create interference to, nor be harmed by, interference from currently ongoing transmissions. So, the assumption behind this is that the sensed power at the SN side represents the interference power at DN side. However, when the sensed power at SN side is much smaller than the interference power at DN side, a hidden node problem may occur, i.e. the channel is considered available but actually occupied. In contrary, an exposed node problem may occur when the sensed power is much larger than the interference power, i.e. the channel is detected as busy, but it is actually not occupied.
Directional LBT can make the difference between the sensed power at SN side and the actual interference power at DN side much larger compared to omni-LBT, which can pronounce the hidden- and exposed node problems. A simple example is illustrated in Figure 2. In left side, AN1 is transmitting data to UE1 and AN2 is listening. Since it is not in TX coverage of AN1, AN2 considers the channel as available and thus starts to transmit data to UE2. But actually, UE1 is interfered by AN2’s transmission due to that it is in AN2’s TX coverage. Obviously, the key reason behind this is that sensed power at AN2 is much smaller than the interference power at UE1 side due to direction difference. By contrary, the exposed node problem is illustrated in Figure 2b.  
 [image: ]         [image: ]
a) Hidden node problem			b) Exposed node problem

Figure 2	Problem illustration of directional LBT
Hidden and exposed node problems may be accentuated with directional LBT at mmWave frequencies.
[bookmark: _Toc505785505][bookmark: _Toc506283636]Channel access schemes should be studied taking into account the effects of high gain beamforming (narrow beam) capabilities of devices operating at such high unlicensed frequencies.

60GHz 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]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]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 proposal:
Proposal 1	Further work is needed to establish efficient coexistence in the 60GHz band. However, any optimizations for operation in this band should be considered after the channel access scheme for lower frequency bands (sub-7 GHz) is complete.
Proposal 2	Channel access schemes should be studied taking into account the effects of high gain beamforming (narrow beam) capabilities of devices operating at such high unlicensed frequencies.
Proposal 3	NR systems in 60GHz should support carrier bandwidth larger than 400MHz and new numerology design is needed accordingly.
Proposal 4	Transmission power adaptation needs to be studied for NR operation in unlicensed band especially for 60GHz.
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« Antenna gain: In case of less than 51 dBi
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