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Introduction 
In RAN1 #92, the study on NR-based access to unlicensed spectrum has started with the following objectives [1]: 
· 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 for NR-unlicensed frame structure, we examine whether the Rel-15 NR design, which was mainly designed for the use in licensed spectrum, is flexible enough to operate in unlicensed spectrum from the perspective of frame structure. 
Flexibility with different numerology options 
In NR, scalable SCS options are supported. Assuming 4K FFT, the followings describe the set of supported channel BW (CBW) for a given subcarrier spacing for frequency range 1 (FR1) and frequency range 2 (FR2). 
Table I. Maximum transmission bandwidth configuration NRB for frequency range 1 (FR1) (450 MHz – 6000 MHz) [2]
	SCS (kHz)
	5MHz
	10MHz
	15MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50MHz
	60 MHz
	80 MHz
	100 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	25
	52
	79
	106
	133
	[160]
	216
	270
	N/A
	N/A
	N/A

	30
	11
	24
	38
	51
	65
	[78]
	106
	133
	162
	217
	273

	60
	N/A
	11
	18
	24
	31
	[38]
	51
	65
	79
	107
	135



Table II. Maximum transmission bandwidth configuration NRB for frequency range 2 (FR2) (24250 MHz – 52600 MHz) [3]
	SCS (kHz)
	50MHz
	100MHz
	200MHz
	400 MHz

	
	NRB
	NRB
	NRB
	NRB

	60
	66
	132
	264
	N.A

	120
	32
	66
	132
	264


There are several advantages of supporting multiple sub-carrier spacing (SCS) options in NR [4]. The pros/cons of larger/smaller SCS in the context of unlicensed operation can be listed as follows. 
Smaller SCS:
· A system can be made more tolerable to the effect of multi-path delay spread at the same CP overhead ratio.
· Slot duration becomes longer, which is disadvantageous for unlicensed band operation.
· A system becomes more sensitive to phase noise and correcting the phase noise becomes more difficult.
· Maximum supportable CBW is restricted by FFT size.  
  
Larger SCS:
· Either a system becomes less tolerable to the effect of multi-path delay spread, if the CP overhead ratio is kept the same, or the CP overhead needs to be increased. 
· Slot duration becomes shorter, which is advantageous for unlicensed band operation.
· A system becomes less sensitive to phase noise. 
· Wider CBW can be used. 
Observation 1: Larger SCS has advantages in terms of shorter slot duration, wider usable channel BW and less sensitivity to phase noise, which make larger SCS suitable for unlicensed band. However, reduced CP duration is a drawback in handling multi-path delay spread. 
In LTE LAA, the extended CP (eCP) was not considered for frame structure type 3. The LTE eCP has duration of 16.67 us, while normal CP has duration of 4.69 us. As eCP didn’t have much use in LTE itself, it was a natural choice to exclude for LTE LAA. In NR, eCP is only supported for 60 kHz SCS, whose length is scaled down from LTE eCP, i.e., 16.67/4 = 4.1675 us, while the normal CP duration for 60 kHz becomes 4.69/4 = 1.1725 us. Since the normal CP duration becomes quite short in 60 kHz, the exclusion of eCP is not as straightforward as in LTE LAA. 
Observation 2: There is a need to study if 60 kHz eCP is necessary to be considered for NR unlicensed or not. 
Flexibility with dynamic TDD structure 
In LTE, a new frame structure type 3, was introduced to accommodate unlicensed band operation, as the unlicensed band operation is fundamentally different from both FDD and TDD in that the transmission of a subframe itself is not guaranteed due to LBT and also the subframe type cannot be predetermined whether it is DL or UL. Therefore, the frame structure type 3 was made flexible such that any subframe can be used for either DL or UL, if available. Here the question is whether such a special frame structure definition is needed for NR-unlicensed. 
Rel-15 NR have been designed in a very flexible manner to support dynamic TDD, in which the transmission direction can change in a dynamic manner. Consequently, not only there is no distinction between FDD and TDD but also there is no need to define fixed TDD UL/DL patterns as in LTE TDD. The NR-unlicensed operation is expected to be not different from dynamic TDD in nature and thus it is seen that NR frame structure is flexible enough to accommodate NR-unlicensed operation without change. 
Observation 3: The NR-unlicensed operation is not different from dynamic TDD in nature. NR frame structure is flexible enough to accommodate NR-unlicensed operation without change. 
Conclusion
In this contribution, we examined whether the Rel-15 NR design, which was mainly designed for the use in licensed spectrum, is flexible enough to operate in unlicensed spectrum from the perspective of frame structure. The following observations were made in that regards:
Observation 1: Larger SCS has advantages in terms of shorter slot duration, wider usable channel BW and less sensitivity to phase noise, which make larger SCS suitable for unlicensed band. However, reduced CP duration is a drawback in handling multi-path delay spread. 
Observation 2: There is a need to study if 60 kHz eCP is necessary to be considered for NR unlicensed or not. 
[bookmark: _GoBack]Observation 3: The NR-unlicensed operation is not different from dynamic TDD in nature. NR frame structure is flexible enough to accommodate NR-unlicensed operation without change.
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