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1 	Introduction
In RAN plenary #78, the release 15 NR specifications supporting licensed band operation were approved. RAN plenary#77 approved a revised SI description [1] for NR-based access to unlicensed spectrum. In this contribution we consider unlicensed spectrum band candidates for NR unlicensed operation, leading to proposals regarding on which unlicensed bands the study item efforts should be primarily focused. We also briefly discuss the unlicensed band regulatory requirements in Section 3. 
2	Candidate spectrum bands
In this section various candidate unlicensed bands are considered with brief assessment of the feasibility for NR unlicensed operations.
Sub-1 GHz bands
There are multiple unlicensed bands below 1 GHz, mostly in the rough range of 750-930 MHz. Bands are rather narrow, with bandwidths roughly in the order of 5 MHz to 25 MHz. There is no globally available band. 
The bandwidth available is relatively narrow for example for eMBB, and therefore not attractive for initial NR unlicensed deployments. Hence, we see that bands below 1GHz can be deprioritized in the SI. This spectrum is considerably more attractive for IoT use cases, for which it can be considered later.
2.4 GHz band
The globally available band offers roughly 80 MHz spectrum. However, this band is already extensively used by other systems like WiFi and Bluetooth meaning that there occurs also high congestion relatively frequently. Additionally, it does not provide very large bandwidths. Based on these aspects we do not see it as attractive for NR unlicensed deployments. In our view this band can be deprioritized in the SI.
3.5 GHz band
In the US, there is the CBRS band available on shared access basis. The access to spectrum is coordinated based on a unique three-tiered access model, with different access priorities assigned to the tiers. The access to the spectrum is coordinated and authorized by central control entities. These control entities protect higher priority systems from interference from lower priority systems as well as control the overall interference by coordinating and restricting the access to spectrum. On the lowest tier, general authorized access (GAA), spectrum access can be obtained without a license.    

This band is currently available only in the US, and at least part of it may assigned for priority access licensee (PAL) users making it in practice partially licensed. It is also not clear to what extent this band requires a specific unlicensed design, as e.g. the use of LTE FS2 should be possible as well. Therefore, we see that since Rel-15 NR may in principle be deployed on this spectrum, this band can be deprioritized in the current SI focusing on design for unlicensed access. We see that SI should focus to a more generic NR design for unlicensed access.    
5 GHz bands
As discussed during LTE LAA studies, various unlicensed bands are available in most parts of the world at 5 GHz region with hundreds of MHz of spectrum. These are the widest unlicensed bands globally available below 6 GHz. This makes 5 GHz bands a key target for also NR unlicensed. Much of the work done for LTE LAA can be reused (especially on channel access), reducing the effort required.

6 GHz band
Opening significant bands on 6 GHz for unlicensed access is currently considered in USA and EU regulatory bodies. If unlicensed access is allowed, Wi-Fi systems are expected to start to use also this spectrum. Additionally, there are other incumbent systems especially in the US, where fixed satellite services (earth-to-space) and fixed services (links) have been deployed widely. Regulatory discussion on whether this spectrum becomes available, and if so, how to protect the incumbent systems is outside of the scope of this study. However, if regulatory rules permit WAS/RLAN operation at 6 GHz band, this band is an attractive candidate for NR unlicensed operation as well.
37 GHz band
[bookmark: _GoBack]It is expected that a significant amount of spectrum at 37 GHz will be opened in the US. The regulations are currently under development but they may involve spectrum sharing, at least between commercial systems and federal systems.
This band is available only regionally but not globally. Furthermore, the regulations are still under development and may involve sharing which may differentiate the access mechanism from the general unlicensed channel access framework. Hence, we do not see this band as a priority candidate for NR unlicensed operation in the first phase.
60 GHz band
On 60 GHz, there is a huge amount of spectrum in the order of multiple GHz globally available for unlicensed operation. This means that 60 GHz spectrum has significant potential for NR unlicensed operations. 
From practical point of view, work related to this band will need to be synchronized with the generic NR development for >52.6 GHz. Additionally, channel access studies related to the high-gain beamforming operation may be needed for this band. These studies can be carried out more efficiently after a generic NR unlicensed framework is designed. These aspects may require phasing this part of the work some time later than the work related to non-mmWave bands.
The previous discussion on the candidate bands for NR unlicensed is summarized in Table 1. Based on the discussion, we make the following proposals:  
Proposal #1: 5 GHz bands together with potential 6 GHz bands are prioritized in the NR unlicensed studies.
Proposal #2: 60 GHz band having significant potential is considered on second priority after completing generic NR support for bands above 52.6 GHz. 
	Band vs KPI
	Sub-1 GHz
	2.4 GHz
	3.5 GHz
	5 GHz &    [6 GHz]
	37 GHz
	60 GHz

	Deployment scenario
	Rural;
tens of km
	Indoor hotspot, Dense urban
	Indoor hotspot, Dense urban
	Indoor hotspot, Dense urban
	Indoor hotspot, Dense urban
	Indoor hotspot, fixed wireless

	Available BW
	Few tens of  MHz
	80 MHz
	150 MHz
	Hundreds of   MHz
	Hundreds of  MHz
	Multiple GHz

	Regional availability 
	Different bands in different regions
	Wide geographical availability
	Regional
	Wide geographical availability
	Regional
	Wide geographical availability

	Priority for NR unlicensed
	*
	*
(potentially higher for IoT)
	*
(potentially higher for Rel-15 NR)
	***
	*
	**


Table 1. Candidate bands for NR unlicensed.

3	Regulatory requirements
Regulatory requirements of unlicensed bands depend on frequency band and region. The requirements may contain requirements on co-existence mechanisms, as well as limitations on EIRP, PSD, channel occupancy time, occupied channel BW, dwell time, etc. Regulations evolve also constantly. For example, CEPT has on-going discussions on 5 GHz, 6 GHz, and 60 GHz regulations. Also new bands may be opened for unlicensed use with regulatory requirements defined considerably later. NR unlicensed should also act as a good neighbour behaviour towards legacy systems, which in some cases may mean co-existence mechanism developed beyond the requirements of regulatory bodies. On the other hand, we see that NR unlicensed should be able to meet a wide set of regulatory requirements. This of course requires a careful balance between wide applicability of NR unlicensed and increased system complexity that most likely needs to be considered case by case. 
Proposal #3: Aim for a generic and future-proof NR unlicensed framework supporting spectrum access on different regulatory regions and candidate bands. 
It is noted that PSD and/or EIRP density have strict limitations in several regulations. The regulatory limit on 5GHz band may be as low as 10 dBm/MHz meaning that transmission power is severely limited for transmissions with narrow bandwidth. This presents a challenge for channels and signals with small payload, such as synchronization signals, PBCH, PRACH, and PUCCH. These channels are also critical for cell coverage. Hence it is evident that PSD limitation needs to be addressed during the NR unlicensed SI to avoid unnecessary cell coverage reduction. The obvious challenge in supporting high transmission power under strict PDS limit for small payload signals is to find a design that uses resources efficiently. Hence, we see that efficient resource usage should be one of the key design criteria.    
Observation #1: Modifications need to be considered for some of the NR channels / signals to support high transmission power under PSD limits. Efficient resource usage will be one of the key design criteria. 
For Europe, ETSI harmonized standards have explicit requirements on the occupied channel BW (OCB). It is required that the occupied channel BW shall be at least 80% or 70% of Nominal Channel BW for 5 GHz and 60 GHz bands, respectively. NR channels and signals that may be transmitted alone need to be able to fulfil the OCB requirement. This means that for some of the NR channels / signals new wide BW variants fulfilling the OCB requirement need to be designed. 
However, it should be also noted that on the 5 GHz bands the transmission BW may temporarily be less than 80% of the Nominal Channel BW during a channel occupancy time. We see that the potential benefits from this allowance should be explored. For example, a wide BW variant of a NR signal may use resources less efficiently than the original Rel-15 NR signal. In such case, the wide BW variant could be used only when OCB requirement needs to be met by the signal, and more efficient Rel-15 NR signal would be used otherwise.    
Observation #2: Wide BW versions need to be designed for some of the NR channels / signals to fulfil the 70% / 80% occupied channel BW requirement. However, this requirement is not applicable in all cases and in those cases Rel-15 NR channels / signals may be used.
Co-existence mechanism based on energy-detection listen-before-talk (LBT) procedure is required in some regions / bands and, hence, needs to be included in the NR unlicensed concept. Further, beyond regulatory requirements, NR unlicensed SI targets to operate as a “good neighbour” towards all legacy systems, for example, WiFi variants and LTE LAA. Energy detection based LBT procedure is simple and efficient mechanism for that. As noted in the NR unlicensed SID, LTE LAA LBT procedures offer a good baseline also for NR unlicensed on the 5 GHz band.
Use of energy-detection LBT facilitates fair coexistence especially in bands where the LBT is mandated by regulations. It may be seen that fair coexistence among different systems can achieved when the channel access mechanisms of coexisting systems are rather balanced. However, LBT is not mandated on all candidate bands and regions. When coexisting with systems not using LBT but other coexistence mechanisms, like frequency hopping or duty cycle limitations, LBT turns into a disadvantage as a too polite channel access mechanism preventing fair coexistence. Hence, to broaden NR unlicensed applicability to different bands and to provide future-proofness, we see that also other potential channel access mechanisms may be considered during the study item.   
Potential further enhancements for channel access mechanism may be considered during the study item. There exists no legacy unlicensed coexistence mechanism for the 6 GHz band, meaning possibility for investigating new channel access mechanisms for this “greenfield” spectrum. As a simple example, LBT energy detect thresholds may be re-considered from LAA. 
At 60 GHz bands, NR unlicensed needs to co-exist with 802.11ad and 802.11ay. LBT procedure is a natural candidate for ensuring co-existence there as well. Use of highly directive beams becomes essential – as well as easier to implement – at higher frequencies. Incorporation of beamforming and LBT procedure brings new challenges in terms of overhead / latency trade-off, handling of hidden nodes, etc. Efficient channel access mechanism for highly directive beams needs to be considered when 60 GHz band is considered for NR unlicensed. Other channel access enhancement should also be investigated e.g. to improve UL access.  
Observation #3: LTE LAA LBT procedures offer good baseline solution for NR unlicensed at least for the 5 GHz band. Other potential channel access mechanisms (like duty cycle limitations) as well as channel access enhancements may be considered during the study item to broaden NR unlicensed applicability to different bands.
4	Conclusions
In this contribution, we have considered unlicensed spectrum band candidates for NR unlicensed operation. Based on the discussion, we make the following observations and proposals:
Proposal #1: 5 GHz bands together with potential 6 GHz bands are prioritized in the NR unlicensed studies.
Proposal #2: 60 GHz band having significant potential is considered on second priority after completing generic NR support for bands above 52.6 GHz. 
Proposal #3: Aim for a generic and future-proof NR unlicensed framework supporting spectrum access on different regulatory regions and candidate bands.
Observation #1: Modifications need to be considered for some of the NR channels / signals to support high transmission power under PSD limits. Efficient resource usage will be one of the key design criteria. 
Observation #2: Wide BW versions need to be designed for some of the NR channels / signals to fulfil the 70% / 80% occupied channel BW requirement. However, this requirement is not applicable in all cases and in those cases Rel-15 NR channels / signals may be used.
Observation #3: LTE LAA LBT procedures offer good baseline solution for NR unlicensed at least for the 5 GHz  band. Other potential channel access mechanisms (like duty cycle limitations) as well as channel access enhancements may be considered during the study item to broaden NR unlicensed applicability to different bands.
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