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1 Introduction

Access and use of unlicensed spectrum have been recognized as an important feature to complement 3GPP cellular technologies, either by aggregating non-3GPP technologies, such as IEEE 802.11 [1], or by directly integrating unlicensed spectrum access within, for instance, LTE specifications using Licensed Assisted Access (LAA) [2]. In NR, unlicensed spectrum access is expected to play an even more important role in the light of the ambitious requirements (e.g., in terms of capacity and coverage) and the rich variety of use cases that have been foreseen. Thus, a new study item [3] was approved in RAN1#75 to address the NR-based access to unlicensed spectrum, including both NR-LAA and standalone operation. One of the objectives of the aforementioned study, is to leverage the experienced and momentum gained from LTE LAA/eLAA, at least as starting point. However, it is also clear that the wide scope of 5G requires a complete new set of features and technological components given the multitude of frequency bands (from sub 6 GHz up to approximately 60 GHz) in which NR will be deployed worldwide.

In this paper, we provide our high level-view of NR-based access to unlicensed spectrum and general recommendations to enable a consistent design and fair coexistence.
2 Discussion
NR based unlicensed spectrum access will be a key piece of 5G, however, it success will be largely determined by the ability of the system to 1) operate in different frequency bands with very different propagation characteristics and regulatory conditions, and 2) to friendly coexists with other Radio Access Technologies (RATs) operating in such bands, including LTE-LAA and NR networks belonging to other operators, and IEEE 802.11 technologies.  In addition, a set of region-specific regulations also needs to be respected and taken into account. Figure 1 depicts a high-level view of the framework for NR based access to unlicensed spectrum.
As it can be seen from Figure 1, major considerations influencing the design of several features and functionalities include the operating band (e.g., 5 GHz, 37 GHz, or 60 GHz) and the operation mode, i.e., whether licensed assisted access or standalone is targeted. For instance, while LAA operation can be realized by means of an LTE- or NR-anchor in licensed spectrum, relying to a large degree on existing frameworks, such as Dual Connectivity (DC) and/or Carrier Aggregation (CA), the design of standalone NR in unlicensed spectrum, most likely requires new enhanced/adapted mechanisms and protocols for coexistence, mobility, radio link monitoring, beam management, time synchronization, among others. Some of these aspects are further discussed next. 
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Figure 1. High-level view of the framework for NR access to unlicensed spectrum. 

2.1 Frequency band and operation mode
For NR operating in unlicensed spectrum, a major distinction becomes the frequency band. An immediate consequence of this is the system numerology and all other aspects derived from it (e.g., slot duration, minimum carrier bandwidth, etc.). In addition, the use of omni/quasi-omnidirectional antennas or beamforming is tightly associated to the frequency band, and in case of unlicensed spectrum, additional regulations such as transmit power also play an important role. Coexistence is another aspect largely influenced by the operating frequency band. First, while many regulations are both band- and region-specific, the likelihood of having other RATs (either cellular or non-cellular) also depends on the frequency band. IEEE technologies including 802.11ac and 802.11ad mainly operate in 5 GHz and 60 GHz bands, respectively, while 37 GHz is less populated, at the moment. In principle, coexistence behavior/mechanisms could be different depending on the neighboring RATs and depending on the system configuration, i.e., licensed-anchor could be LTE or NR and potentially allocated in any frequency band, which is also true for the unlicensed carriers.  Finally, standalone NR, in principle suitable to be deployed in any band, is in many aspects different as all the functionalities need to be supported in unlicensed spectrum. Thus, target frequency band specific aspect (numerology aspect, co-existence of other RAT) and operation mode specific (standalone, license assisted) requires different type/property of the design. On the other hand, to design completely different for each case increase system design complexity. Therefore, good balance of different usage should be considered with the consideration of the commonality. In order to allow such design, all different frequency specific aspect and different operation mode specific aspect should be studied on parallel. 
Proposal 1: Although target frequency band specific design is required, to have the commonality of NR based access to unlicensed spectrum should be also considered.
2.2 Features for NR-based access to unlicensed spectrum
As mentioned, the nature of unlicensed spectrum together with the features millimeter wave frequency bands pose several interesting challenges to NR-LAA and standalone NR.
2.2.1 Coexistence schemes

Listen Before Talk (LBT) is a major coexistence (mandatory) mechanism used by IEEE 802.11 technologies and also implemented in LTE LAA. Together with some other requirements including maximum transmit power or power spectral density, minimum channel bandwidth, maximum channel occupancy time, dynamic channel selection, etc, they define the regulatory region/band-specific framework for unlicensed spectrum access. Two aspects of importance, potentially affecting the optimization of coexistence schemes, are the use of beamforming and channelization. 

Beamforming implies that the energy of a given transmission can be concentrated in a given direction, thus increasing the range and avoiding interference to other directions.  However, beam alignment/management is far from being an easy task in general. While its use in the 60 GHz band seems to be mandatory/required, the use of beamforming in lower frequencies bands should not be precluded. Indeed, beamforming could have an impact on the LBT behavior and the possibility of selectively listen to different directions, the so-called directional LBT, is a main difference with respect to conventional LBT where the energy that is present in the channel is tested from all directions using omni- or quasi-omni directional antennas, which use is also required in 60 GHz band.
Another important aspect is channelization in unlicensed bands. Channel normalization in unlicensed spectrum is a must, when it is required to guarantee acceptable coexistence among different RATs, as consistent channel definition among systems ensures a more effective LBT performance. In this case, in a CA context, LBT bandwidth can be set to match the bandwidth of individual subbands or adjusting the LBT bandwidth over time. This type of enhancements could be especially useful in 60 GHz bands, where for instance, IEEE 802.11ad operates with channels of 2 GHz. 
Proposal 2: Beamforming operation should be considered at least for 60 GHz band operation. Its use in the other frequency is FFS.   
Proposal 3: Channel normalization compatibility among different RATs should be carefully considered in order to guarantee coexistence in unlicensed spectrum.   

2.2.2 Mobility

Mobility is the main advantage of wireless communications, and particularly, of cellular networks. In these systems, mobility performance strongly relies on the ability of UE to detect and estimate the quality that would be perceived from a candidate cell. A fundamental difference between Licensed Assisted Access and standalone is that the latter is expected to provide full support to all the functionalities such as initial access, paging, or mobility in the unlicensed spectrum, while the former the features rely on the licensed anchor. For instance, in case of unlicensed spectrum access, radio link monitoring, heavily depending on the availability of periodic or dedicated (reference) signals serving to mobility purposes, is complicated due to the channel access uncertainty. In addition, interference is not, by any means, under control of network operators as several RATs share the spectrum. In fact, mobility in case of standalone NR requires enhancements, such as the ability to access the channel at least every certain period and transmit reliably the required signals for initial access, synchronization, and measurements, similarly to the DRS in LTE LAA, which are used to carry several reference signals. 
Moreover, in case of 60 GHz unlicensed bands, where beam management (acquisition, reporting, etc.) is required, the unlicensed design turns out to be more complicated. In this sense, the NR design based on Synchronization Signals (SS) blocks and bursts (suitable for beamforming operation) can be taken as baseline, although with some necessary adaptations. One possibility is to allow the UE to monitor several SS candidate locations (possibly in frequency domain) in order to maximize the likelihood of acquiring time/frequency reference, although this approach would imply higher UE energy consumption, and hence, an acceptable operational point/tradeoff needs to be found. Besides being an option to aid mobility, it is also required to guarantee Power Spectral Density (PSD) requirements. The aforementioned possibility was already been identified in RAN1 NR AH1, and it can be applicable to standalone NR.      
Agreements:

FFS: If UE is required to search for all possible synchronization signal frequency locations defined by the synchronization signal frequency raster. 
Proposal 4: As a baseline for mobility, studies taking into account un-availability of periodic or dedicated (reference) signals are required.  
2.2.3 Time synchronization

As it was mentioned earlier, the operation in different/higher frequency bands implies the use of different numerologies with their corresponding different slot duration, among other differences. Enabling coexistence subject to existing band-specific regulations, such as maximum occupancy time, calls for highly effective time-frequency resource usage once channel access is obtained. Thus, from time alignment point of view, three main approaches can be identified:

1. Floating symbol and floating slot. This is the approach followed by IEEE 802.11, where synchronization reference (SS blocks in case of NR) is sent at the beginning of each data burst. Thus, transmitter and receiver are synchronized at each burst.
2. Fixed symbol and floating slot. In this approach, transmitter and receiver are synchronized at symbol level, for instance, by means of existing/periodic transmission of SS. 

3. Fixed symbol and fixed slot. This is the approach used in LTE LAA, where gNB and UE would be synchronized both at symbol and slot level. 
The previous schemes have advantages and drawbacks that need to be considered. For instance, while option 1 and 2 could facilitate the implementation of LBT, and consequently, coexistence with IEEE systems, option 3 is aligned with the existing design in LTE LAA. We see the need for further analysis and studies to better assess the merit of these methods, the particularities of each frequency band, and their associated tradeoffs. Therefore, the possibility of having band-specific behavior (fully compatible with WiFi services in terms of channel sizes and measurement/usage of resources) should not be precluded in other to maximize coexistence with other incumbent RATs, i.e., according to [3] the target is that NR access in unlicensed spectrum does not impact WiFi services more than an additional WiFi network. 
Proposal 5: Band specific requirement of time-frequency resource in NR access to unlicensed spectrum should take into account.
3 Conclusion

In this contribution, we have provided our high level-view of NR-based access to unlicensed spectrum. The following proposals are presented:

Proposal 1: Although target frequency band specific design is required, to have the commonality of NR based access to unlicensed spectrum should be also considered.
Proposal 2: Beamforming operation should be considered at least for 60 GHz band operation. Its use in the other frequency is FFS.   
Proposal 3: Channel normalization compatibility among different RATs should be carefully considered in order to guarantee coexistence in unlicensed spectrum.   
Proposal 4: As a baseline for mobility, studies taking into account un-availability of periodic or dedicated (reference) signals are required.  

Proposal 5: Band specific requirement of time-frequency resource in NR access to unlicensed spectrum should take into account.
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