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In RAN#75 meeting, a new SID was proposed to study NR-based access to unlicensed spectrum [1]. One justification for such proposal is based on the vast unlicensed spectrum available worldwide. This was also a justification to initiate LTE-based LAA. Another justification is the flexible frame structure and numerology that NR has, which could also be brought to unlicensed access. 
The WI description [1] highlights the following objectives: 
· “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;”
This contribution addresses our perspectives regarding the topics of importance for NR operation in unlicensed spectrum and we refer the readers to our companion contributions [5,6,7,8,9,10,11] under agenda item 7.6.5.
Unlicensed Spectrum Regulations  
The PHY specification for NR on unlicensed bands (NR-unlicensed or NR-U) should put regulatory requirements from different countries and regions into consideration. The most important such requirements include maximum channel occupation time (MCOT), occupied channel bandwidth (OCB), maximum power limit, power spectrum density limit, and listen before talk (LBT). A description of these requirements is listed below.
· Occupied Channel Bandwidth (OCB) [2]: The OCB is defined as the bandwidth containing 99% of the power of the signal and it shall be between 80% and 100% of the declared Nominal Channel Bandwidth (The Nominal Channel Bandwidth is the widest band of frequencies, inclusive of guard bands, assigned to a single channel).

· Power spectral density [2]: For many frequencies, there is a limit on the power spectral density. As an example, the ETSI 301 893 spec requires 10 dBm/MHz for 5150-5350 MHz. Similar limitations for USA are governed by the FCC. 
· Maximum channel occupancy time (MCOT): This is a requirement for how long a channel can be occupied by a node while not introducing excessive delay for medium access by a competing node in the same channel. For 5GHz, the declared MCOT is maximum 10ms.
· Listen before talk (LBT): Under some regulatory domains, when a wireless node wants to access an unlicensed channel the node shall first perform an LBT procedure. LBT refers to a set of general requirements where a node that intends to use an unsilenced channel should first monitor the channel long enough to robustly infer that the medium is not in use by a competing node. E.g. if for a duration of time no energy beyond a pre-determined threshold is detected then the wireless node is allowed to transmit for up to a maximum duration.

The OCB and power limit rules are summarized in Table 1.

Table 1: Summary of various regulations
	
	5 GHz (ETSI) [2]
	60 GHz (ETSI) [3]
	37 GHz (FCC) [4]

	OCB
	>80%
	>70%
	

	Power Limit
	With transmit power control:
23dBm (10dBm/MHz) for 5150-5350MHz
30dBm (17dBm/MHz) for 5470-5725MHz
Without transmit power control:
20/23dBm (7/10dBm/MHz) for 5150-5350MHz
27dBm (14dBm/MHz) for 5470-5725MHz
	40dBm(13dBm/MHz)

	BS: 75dBm/100MHz 
MS: 43dBm
Transportable stations: 55dBm



Waveform and Numerology
In [5], we discuss the channelization, potential waveform solutions, and the corresponding numerologies for NR operation in the unlicensed spectrum at 2.4, 5-6, 37, and 60 GHz. Considering the coexistence issues in unlicensed bands, we believe that NR-U shall support the same channelization of 802.11 for 5 GHz and 60 GHz. For the waveform and the numerology, NR-U should consider the OCB, PSD, and MCOT requirements in unlicensed bands, the effort for standardization, hardware impairments, and channel characteristics.
[bookmark: _Ref505784085]Proposal 1: NR-U shall support the same channelization of 802.11 for 5 GHz and 60 GHz.
For sub 6 GHz bands, interlaced transmission via block-interleaved frequency division multiple access (B-IFDMA) with DFT and identity precoder can be considered for UL transmissions to address the regulations in UL. For the numerology in those bands, NR-U should support at least up to 60 kHz subcarrier spacing bands and study the subcarrier spacing of 120 kHz. We provide several interlace design examples for different subcarrier spacing values in [5]. We believe the numerologies with large subcarriers can be beneficial to increase the resolution in time and facilitate some of the procedures for NR-U. For example, the numerologies with large subcarriers can beneficial to keep the packet short enough to meet MCOT requirement. 
For 60 GHz, single carrier-like schemes such as SC-QAM and DFT-s-OFDM, which can introduce a PAPR advantage over OFDM, are some of the most appealing waveforms for NR-U. SC-QAM introduces low hardware complexity and yields low PAPR for low modulation orders and it has been adopted in IEEE 802.11ad and to be in IEEE 802.11ay. Albeit the benefits of the SC-QAM, it is suboptimal in fading channel and requires guard bands due to the shaping filter. The numerology for SC-QAM may also need to be different than the agreed numerologies for the licensed bands below 52.6 GHz, which may result in extra standardization effort. On the other hand, DFT-s-OFDM with large DFT precoder can be adopted for 60 GHz by reusing the existing waveform structure defined for the licensed bands below 52.6 GHz. The time-domain characteristics of DFT-s-OFDM are similar to that of SC-QAM. In addition, the existing reference signals and PTRS may be reused for the operation at 60 GHz to address hardware impairments such as phase noise. Another option for NR-U at 60 GHz is B-IFDM. However, B-IFDM may not get benefit from the agreed PTRS structure for licensed bands. Since B-IFDM in 60 GHz may require new designs for reference signals, the effort for new RS design may cause extra standardization effort for NR-U. In addition, the PAPR performance of B-IFDM is worse than that of SC-QAM and DFT-s-OFDM.
We propose RAN1 should consider the possibility of introducing higher subcarrier spacing (≥240 kHz) for data in 60 GHz spectrum and study both OFDM and DFT-s-OFDM in both UL and DL by considering incumbent waveforms, hardware impairments, and regulatory requirements. 
Proposal 2: RAN1 should consider supporting 60 kHz subcarrier spacing for sub 6 GHz bands and the possibility of introducing higher subcarrier spacing (≥240 kHz) for data in 60 GHz spectrum
Proposal 3: For 60 GHz band, OFDM and DFT-s-OFDM in both UL and DL should be studied considering incumbent waveforms, hardware impairments, and regulatory requirements. 
The waveform and numerology proposals for different bands are tabulated in Table 1.
[bookmark: _Ref506299641]Table 1: Waveform and numerology for NR-U
	
	2.4 GHz, 5-6 GHz
	60 GHz

	
	UL
	DL
	UL
	DL

	Waveform
options 
	B-IFDM (Precoder: DFT or identity)
	OFDM
	DFT-s-OFDM, OFDM

	DFT-s-OFDM, OFDM

	Subcarrier spacing
	 kHz
	 kHz
	 kHz
	 kHz

	RB utilization
	Flexible interlaced-transmission 
	
	Wide-band transmission
	Wide-band transmission

	Supported BW
	20/40/80 MHz
	20/40/80 MHz
	2.16 GHz
	2.16 GHz



In a companion contribution [5], we have discussed in more details above-listed possibilities and proposals.
Initial Access
For random access, NR supports multiple RACH preamble formats, including long PRACH formats with preamble length 839 and short PRACH formats with preamble length 139. In general, for unlicensed band operation the cell range is smaller than that of licensed band operation due to limited transmission power constraint. During the random access procedure in standalone operation, LBT may need to be performed. Channel access failure arising from LBT could lead to performance degradation of random access performance. Channel access failure arising from LBT before random access transmission may also have impact on the RACH resource configuration. In addition, random access transmission should fulfil the regulatory requirement of OCB. Random access procedure for unlicensed band operation should consider the impact of LBT and the requirement of OCB for NR-U. To cope with channel uncertainty in unlicensed spectrum, preamble power ramping, preamble repetition and multiple preamble transmissions can be jointly considered. 
Proposal 4: Initial access for NR licensed band should be studied for NR-U SI by taking LBT and OCB requirements into considerations.
Proposal 5: For random access in NR-U, preamble power ramping, preamble repetition and multiple preamble transmissions should be jointly considered to cope with channel uncertainty in unlicensed spectrum.
Proposal 6: For random access in NR-U, multiple RAR transmissions should be considered to reduce the impact due to LBT.
For synchronization signal and NR-PBCH, SS blocks are present consecutively per SS burst set for NR licensed band operation. The maximum transmission bandwidths of SS blocks are 5, 10, 40 and 80 MHz with 15, 30, 120 and 240 kHz subcarrier spacing correspondingly. Due to channel access failure arising from LBT, the SS block locations within a slot may not be optimum for NR unlicensed band operation which may result in performance degradation of SS block detection. Uncertainty of channel availability may also have impact on the SS burst configuration such as the periodicity and time-window size of SS burst set. In addition, the OCB requirement is not considered for transmission bandwidth of SS blocks which is required for NR-U. SS blocks to fulfil LBT and OCB requirement should be considered for NR-U. For example, for efficient SS/PBCH transmission in NR-U, hierarchical multi-stage LBT and SS/PBCH transmission can be considered to reduce the SS acquisition delay and enable fast SS acquisition. In addition, different channel access classes for SS/PBCH transmission can be considered in NR-U to cope with channel uncertainty in unlicensed spectrum,
Proposal 7: For efficient SS/PBCH transmission in NR-U, hierarchical multi-stage LBT and SS/PBCH transmission can be considered.
Proposal 8: Different channel access classes for SS/PBCH transmission can be considered in NR-U.

In two companion contributions [6,11], we have discussed in more details above-listed possibilities and proposals. 
Uplink Control Channel Design
The NR-U PUCCH should support both short and long PUCCH to address different latency and coverage requirements. While short PUCCH is critical for low latency, long PUCCH is beneficial in coverage related scenarios. Although small cells may be an important deployment scenario for NR-U, coverage may still be limited due to interference. In addition, in unlicensed bands, interference may be bursty due to the nature of the nodes coexisting in the same spectrum. With long PUCCH, even though some part of the transmission may experience significant interference, the remaining cleaner part may be sufficient for the receiver to decode the UCI.

To utilize the maximum transmit power while complying with the regulations, wideband transmission is required in unlicensed bands. PUCCH formats 0 and 1 in NR map a computer generated sequence to one RB, so, they cannot be supported in their current form. One viable option is to extend these formats to use B-IFDMA. The design, however, should be carefully done so as not to increase the PAPR of the signal significantly. PUCCH formats 2 and 3, on the other hand, may be extended to use B-IFDMA in a more straightforward fashion. A more detailed discussion on NR-U PUCCH design can be found in [7].
Proposal 9: In order to comply with the regulations, NR-U should study new structures for short and long PUCCH formats.

Coexistence and Channel Access
Similar to operation of other RATs in unlicensed spectrum, coexistence with the incumbent technologies and a fair channel access is of high importance for NR-U SI. The WI description [1] highlights the need for coexistence within NR-based and between LTE-based LAA and other incumbent RATs in accordance with regulatory requirements in the corresponding bands. LTE-based LAA already has coexistence methods defined for 5GHz and they can be considered as baseline for 5GHz operation. However, one should also consider what the flexible NR frame and numerology have to offer to further enhance the coexistence and channel access.
When performing LBT procedures, it is not guaranteed when an NR-U gNB can access the channel. Therefore, when an LBT procedure is completed successfully it may not be at the beginning of an NR slot. For instance, the LBT procedure may be completed in the middle of a slot. A solution adopted in LTE-based LAA releases is to send a reservation signal whose purpose is to occupy the channel so that until the beginning of the upcoming LTE subframe the other competing eNBs or devices from other RATs find the channel busy and unavailable and refrain from transmission. While the LTE-based LAA usage of reservation signal allows the eNB to occupy the channel, some might consider this method to be wasteful. For an NR-U gNB, there is the possibility that the transmission starts after finishing an LBT procedure in the middle of an NR slot. There may be a benefit to start at any symbol vs to restrict the transmission at a few symbols. Certainly, there is a complexity and performance tradeoff in allowing additional starting symbols that should be analyzed [8]. 
Proposal 10: NR-U SI should study the possibility that an NR-U gNB starts transmission after finishing an LBT procedure in the middle of an NR slot considering the complexity and performance tradeoff.
As discussed above, when an NR-U device finishes the listen interval it may not be at the beginning of a slot, and further considering the arbitrary instance of completion of an LBT procedure, it may not even be at the beginning of an OFDM symbol. Therefore, there would be a partial duration of an OFDM symbol before the start of a full symbol. While in some RATs an OFDM symbol may be short enough to neglect this, in NR, thanks to various numerologies, the effect of a partial OFDM symbol may be more pronounced, and refraining from transmission for a part of a symbols duration (until beginning of the next symbol) could be large enough to allow a competing gNB, UE or another RAT to grab the channel. We propose the NR-U SI to study the effect of truncation and lengthening of an LBT listen interval to align the end of a listen interval with the OFDM symbol boundary.  
Proposal 11: We propose the NR-U SI to study the effect of truncation and lengthening of an LBT listen interval to align the end of a listen interval with the OFDM symbol boundary.  
During unlicensed channel access, there would be competing wireless devices attempting to access the channel. The relationships between the competing devices can span from inter-RAT devices, to intra-RAT deceives that do not belong to the same entity, to intra-RAT deceives that do belong to the same entity (e.g. operator). 
Due to the enhancements that a handshaking mechanism can offer when competing devices are NR devices (such as the second and third categories above), it is worthwhile that during the NR-U SI possible handshaking mechanisms to be studied. We propose that NR-U SI to study the possibility of a more efficient channel access by exploring handshaking exchanges between a gNB and its UEs.
Proposal 12: NR-U SI should study the possibility of a more efficient channel access by exploring handshaking exchanges between a gNB and its UEs.
In a companion contribution [8], we have discussed in more details above-listed possibilities and proposals. 
LBT in Higher Frequency Bands
The propagation characteristics of higher frequency bands requires the use of beams at the gNB and UE to allow for data transmission and reception. NR transmission becomes more beam based with beam management and beam recovery procedures to enable the gNB and UE identify the best beams for data transmission and recover from a beam failure. As such, the transmissions become more directional. 
For NR-U directional LBT mechanisms for beam-based transmission/reception are needed e.g. multiple LBT processes per gNB/UE with each LBT process tied to a beam or a set of beams. As the gNB or UE may use multiple beams in a single MCOT, a signaling mechanism may be needed to indicate when an LBT process begins the energy measurement to reduce the latency between the beam change and the possible data transmission. 
Proposal 13: Directional LBT mechanisms for beam-based transmission/reception are needed.

Also, LBT implies a listen/receive procedure on a receive beam and a talk/transmit procedure on a transmit beam. Ideally, for the LBT procedure to be effective, the receive and transmit beams have identical boresights and beamwidths (i.e. point in the same direction) and have identical gains. In the case that there is condition does not hold, there is a need to identify the best receive beam corresponding to a transmit beam and to compensate for the difference in their gains in the LBT threshold procedure to ensure that the LBT is effective in preventing the transmitted signal from impacting the medium negatively. In a companion contribution [9], we have discussed in more details related possibilities and proposals. 
Data Transmission and HARQ Acknowledgment
To improve channel access efficiency in unlicensed spectrum, the concept of transmission opportunity has long been used in IEEE 802.11 where a device reserves the channel for a relatively long period for DL/UL transmissions. At the beginning of a transmission opportunity, a device needs to sense the channel according to an LBT procedure and the responding device may be also subject to LBT to protect potential ongoing frame exchanges near the responding device. This objective may be reached via a preparation stage that includes handshaking between the two or more devices [8]. The transmission opportunity concept improves channel access efficiency as well as fulfils some delay requirements and therefore should be investigated for standalone NR operation in unlicensed spectrum [10].

Proposal 14: Transmission opportunity concept should be investigated for standalone operation in NR-U. 

Due to uncertainty in channel access, transmissions may have to be delayed when channel is occupied during the operation of an NR device in unlicensed spectrum. For standalone transmission, this means the HARQ-ACK transmission may be delayed when the channel is occupied. For example, the last UL transmission may include PUSCHs which are not acknowledged during a transmission opportunity. The gNB, after performing LBT procedure again, secures a second transmission opportunity within which HARQ-ACKs for the last PUSCH in the first transmission opportunity may be carried. For this operation, the gNB and the UEs may need to maintain the buffers to keep the corresponding receive/transmit transport blocks. Due to non-deterministic duration between the two transmission opportunities (since it depends on how many nodes compete to access the medium), there would additional complexity and ambiguity for the UE and gNB. In an alternative method, the HARQ-ACK transmissions may be included in the same transmission opportunity, hence a self-contained transmission opportunity. One or several symbols of the last slot of a transmission opportunity is used to carry acknowledgement. This method requires the gNB and UEs to prepare HARQ-ACK transmissions within a short time.  

Proposal 15: Self-contained transmission opportunity should be studied in standalone NR-U.

In a companion contribution [10], we have discussed in more details above-listed possibilities and proposals. 

Conclusions
In this contribution, we briefly reviewed some of the topics of importance for NR operation in unlicensed spectrum. The detailed discussion on our proposals can be found in our companion contributions [5,6,7,8,9,10,11]. 
Proposal 1: NR-U shall support the same channelization of 802.11 for 5 GHz and 60 GHz.
Proposal 2: RAN1 should consider supporting 60 kHz subcarrier spacing for sub 6 GHz bands and the possibility of introducing higher subcarrier spacing (≥240 kHz) for data in 60 GHz spectrum
Proposal 3: For 60 GHz band, OFDM and DFT-s-OFDM in both UL and DL should be studied considering incumbent waveforms, hardware impairments, and regulatory requirements. 
Proposal 4: Initial access for NR licensed band should be studied for NR-U SI by taking LBT and OCB requirements into considerations.
Proposal 5: For random access in NR-U, preamble power ramping, preamble repetition and multiple preamble transmissions should be jointly considered to cope with channel uncertainty in unlicensed spectrum.
Proposal 6: For random access in NR-U, multiple RAR transmissions should be considered to reduce the impact due to LBT.
Proposal 7: For efficient SS/PBCH transmission in NR-U, hierarchical multi-stage LBT and SS/PBCH transmission can be considered.
Proposal 8: Different channel access classes for SS/PBCH transmission can be considered in NR-U.
Proposal 9: In order to comply with the regulations, NR-U should study new structures for short and long PUCCH formats.
Proposal 10: NR-U SI should study the possibility that an NR-U gNB starts transmission after finishing an LBT procedure in the middle of an NR slot considering the complexity and performance tradeoff.
Proposal 11: We propose the NR-U SI to study the effect of truncation and lengthening of an LBT listen interval to align the end of a listen interval with the OFDM symbol boundary.  
Proposal 12: NR-U SI should study the possibility of a more efficient channel access by exploring handshaking exchanges between a gNB and its UEs.
Proposal 13: Directional LBT mechanisms for beam-based transmission/reception are needed.

Proposal 14: Transmission opportunity concept should be investigated for standalone operation in NR-U.
 
Proposal 15: Self-contained transmission opportunity should be studied in standalone NR-U.
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