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Introduction 
In RAN1 #92b, the following agreement was made [1]: 
	Agreement:
· NR-U supports both Type-A and Type-B mapping already supported in NR 
· Additional starting positions and durations are not precluded
· For sub-7 GHz, NR-U study the SCSs, 15/30/60KHz
· Study performance difference between different SCS
· Study if changes to UL design are needed to meet the PSD and OCB requirements
· Study if an SS block design/RMSI/OSI with 60KHz SCS is needed 
· Impact on MIB and SIB1 content 
· Need for use of ECP for 60KHz
· RACH design with 60KHz SCS in addition to options currently part of NR
· Other considerations are not precluded. 
· Impact on support of different BWs with different SCS
· Study supporting more than one switching points within a TxOP
· FFS the LBT requirement for each DL/UL data/control burst in the TxOP



With the basis of the above agreement, the following issues will be discussed in this contribution:
· Discussion on the pros/cons of different numerology options (i.e., SCS and CP) for the purpose of NR-unlicensed operation. 
· NR dynamic TDD structure and unlicensed operation.
· Support of multiple switching points in a COT. 
Different numerology options
In NR, scalable subcarrier spacing (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 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 μs, while normal CP has duration of 4.69 μs. 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 μs. Since the support of eCP is optional for Release 15, it seems natural to focus NR-unlicensed design on normal CP. 
Observation 2: As the support of eCP is optional for Release 15, it is natural to focus NR-unlicensed design on normal CP. 
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 (either DL or UL) cannot be predetermined [5]. Therefore, the frame structure type 3 was made flexible such that any subframe can be used for either DL or UL, if available. 
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. 
Support of multiple switching points in a COT 
In this section, we begin by briefly reviewing the ETSI BRAN standards on 5 GHz spectrum [6]. It is clear from the following captured text that ETSI BRAN itself does not restrict the number of switching points within a COT. 
“A Channel Occupancy Time (COT) consists of one or more transmissions of an Initiating Device and zero or more transmissions of one or more Responding Devices.”
On the other hand, it needs to differentiate the time gap involved with the switching points. It can be either ‘gap’ or ‘pause’ according the ETSI BRAN terminology. 
· “If a Channel Occupancy consists of more than one transmission the transmissions may be separated by gaps. The Channel Occupancy Time is the total duration of all transmissions and all gaps of 25 µs duration or less within a Channel Occupancy and shall not exceed the maximum Channel Occupancy Time.”
· “The minimum duration of a pause shall be 100 µs.” ….  “Pause duration is not included in the channel occupancy time.”
In a strict sense, a ‘gap’ in ETSI BRAN standard is a time duration less than 25 μs which may require a single interval LBT or no LBT if the gap is less than 16 μs, and the gap is counted towards MCOT. These 16 μs gap and 25 μs gap correspond to Wi-Fi SIFS and PIFS time and multiple of such gaps are also allowed in Wi-Fi systems as well. 
Observation 4: The use of multiple gaps of less than 25 μs within a COT is not restricted by ETSI BRAN and also present in Wi-Fi systems. 
Proposal 1: Multiple switching points within a COT is supported for gaps whose duration is less than 25 μs with single interval LBT. 

[image: ]

Figure 1. Illustration of multiple switching points in a COT

On the other hand, a ‘pause’ in ETSI BRAN is a time duration of at least 100 μs and it has been newly introduced in ETSI BRAN standard to accommodate LTE’s 4 ms scheduling delay. These ‘pauses’ are not present in Wi-Fi system. From ETSI BRAN [6], the number of pauses is not restricted. However, the total paused duration is limited with the following statement:
“The duration from the start of the first transmission within a Channel Occupancy until the end of the last transmission in that same Channel Occupancy shall not exceed 20 ms.”
Observation 5: The use of multiple pauses of at least 100 μs is limited by ETSI BRAN by total COT duration (including pauses) to be less than 20 ms. The use of pauses is not found in Wi-Fi system. 
As the number of ‘pause’ itself is not restricted by ETSI BRAN, the use of multiple pauses in a COT by NR-unlicensed system does not need to be limited as long as the total duration of COT does not exceed 20 ms including paused durations. However, the impact of multiple paused duration in a COT to the coexistence performance had not been studied yet.
Observation 6: If the use of multiple paused durations in a COT is considered for NR-unlicensed system, its impact on the coexistence performance needs to be studied.
Conclusion
In this contribution, we discussed issues related to NR-unlicensed frame structure. In particular, we discussed pros/cons of different numerology options (i.e., SCS and CP) for the purpose of NR-unlicensed operation. The suitability of NR dynamic TDD structure was also discussed for unlicensed operation. Lastly, the support of multiple switching points in a COT was discussed as well. To this end, the following list of proposals and observations were driven. 


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: As the support of eCP is optional for Release 15, it is natural to focus NR-unlicensed design on normal CP. 
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. 
Observation 4: The use of multiple gaps of less than 25 μs within a COT is not restricted by ETSI BRAN and also present in Wi-Fi systems. 
Proposal 1: Multiple switching points within a COT is supported for gaps whose duration is less than 25 μs with single interval LBT. 
Observation 5: The use of multiple pauses of at least 100 μs is limited by ETSI BRAN by total COT duration (including pauses) to be less than 20 ms. The use of pauses is not found in Wi-Fi system. 
Observation 6: If the use of multiple paused durations in a COT is considered for NR-unlicensed system, its impact on the coexistence performance needs to be studied.
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