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1	Introduction
In the RAN meeting a new study item was approved to study the new radio access technology [1]. One of the key objectives of the NR access is to support operation in unlicensed bands. In this contribution we discuss various techniques to access the unlicensed spectrum. The contribution is organized as follows:
· Section 2 discusses issues related to NR operation in unlicensed bands
· Section 3 discusses the Underlay Common Control Channel
· Section 4 discusses the benefits of the Underlay Control Channel, including the possibility of reusing this design for low data rate applications in licensed spectrum
· Section 5 presents conclusion and summary
2	NR operation in unlicensed bands
As the demand for wireless access increases the need for better spectrum utilization also increases. One approach to fully utilize the spectrum is to provide wireless services in the available unlicensed spectrum. As different countries decide to make more unlicensed spectrum available and with a steady growth in more devices accessing the Internet, it has become clear new innovative access procedures have to be introduced to avoid congestion of the networks. In LTE Rel-13 the Licensed-Assisted Access to unlicensed bands (LAA) was introduced. The technological benefits of LTE-A were applied to LAA to enhance user experience in small cell environments. LAA ensures a fair coexistence with other technologies such as Wi-Fi by using carrier sensing (listen-before-talk or LBT) to identify the unused time-slots that can be used for LTE transmissions [2]. However, LBT technique cannot solve the so-called hidden device problem. Some standards have suggested sharing the spectrum usage information among the devices over a Common Control Channel (CCC) to avoid the hidden device situations and to solve other known issues related to dynamic spectrum sharing [3]. Note that the CCC can be applied as a complementary solution to LBT.
Proposal: Common Control Channel should be considered as an advanced mechanism to address the unlicensed spectrum access for NR. 
One implementation approach is to transmit the CCC as a dedicated control channel within the licensed carrier or explicitly in the unlicensed band. To avoid collisions, frequency hopping and/or transmissions in the guard bands are considered in the literature [4]. However, these solutions have drawbacks that must be taken into account to facilitate practical deployments. Having a CCC in the licensed carrier does not allow the exchange of information in the inter-operator shared mode since devices belonging to different operators will be sharing the unlicensed spectrum. Additionally, in order to be effective the CCC has to be continuously available and since the unlicensed spectrum regulations only allow discontinuous transmissions, the option of transmitting a continuous CCC  is not feasible.  
Observation: Traditional Common Control Channel scheme cannot be applied to inter-operator unlicensed carrier deployments.

3	Underlay Common Control Channel 
To overcome all of the above issues related to transmitting the CCC we propose the underlay common control channel (UCC) as an efficient solution. In this technique a UCC signal is transmitted using the entire available unlicensed frequency band, including the portion occupied by the current user. However, to remain invisible to the corresponding receivers, the frequency spreading technique is applied to the UCC signal to keep its transmit power comparable to or below the noise level (see figure 1). 

Figure 1: Underlay Common Control Channel Concept
Furthermore, we propose Filtered Bank Multi-Carrier (FBMC)-based UCC design given that: a) FBMC possesses localized spectral properties that make it very attractive for this application and b) FBMC has been proposed as a candidate waveform for the NR access in our companion contribution [5]. As discussed in [5], FBMC can flexibly provide spectral localization of the transmit power and can further reduce the impact of the control channel by masking out the subcarrier transmission for frequency portions used by active users. 
4	Benefits of the Underlay Common Control Channel 
Briefly, the following is a list of some of the UCC advantages:
· UCC does not require any dedicated resources, making it an efficient solution. 
· One of the biggest and practical advantages is to be able to operate in the unlicensed carrier that is being shared by the other operator’s devices. This provides a no-conflict and easily deployable solution.  
· Unlike other CCC discussed in section 2, there is no latency in setting up the UCC and it is always available, irrespective of current occupier of the unlicensed spectrum. 
· FBMC-based UCC can easily avoid the portion of the band used by active users resulting in much better receiver performance for the UCC users.
· Finally, RAN has requested RAN1 in [1] to consider solutions for the NR forward compatibility to achieve Phase II and beyond specifications. Keeping this goal in mind we believe a UCC design for the unlicensed band deployments would allow porting the same design to the licensed-band deployments as the underlay low-rate data channel to deliver mMTC services. The underlay data channel is a very attractive and inexpensive solution to support high revenue generating mMTC services for the operators since it does not require allocation of a dedicated licensed spectrum. 

Proposal: FBMC-based underlay common control channel should be studied as one of the solutions to overcome the problems related to unlicensed spectrum access.  
Observation: The UCC design for the unlicensed band deployments would allow porting the same design to the licensed-band deployments as the underlay low-rate data channel to deliver mMTC services.

5	Conclusion
In this contribution we made the following observations and proposals:
Proposal: Common Control Channel should be considered as an advanced mechanism to address the unlicensed spectrum access for NR. 
Observation: Traditional Common Control Channel scheme cannot be applied to inter-operator unlicensed carrier deployments.
Proposal: FBMC-based Underlay Common Control Channel should be studied as one of the solutions to overcome the problems related to unlicensed carrier access. 
Observation: The UCC design for the unlicensed band deployments would allow porting the same design to the licensed-band deployments as the underlay low-rate data channel to deliver mMTC services.
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