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1	Introduction
During RAN plenary #78, the release 15 NR specifications supporting licensed band operation were approved. Already before that, in RAN#77, a Study Item on NR operation on unlicensed bands was approved [1]. The objectives of the SI listed in the Study Item Description (SID) RP-172021 are as follows: 
This study item will include 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; 

The above study will address the following architectural scenarios (RAN2): 
· An NR-based LAA cell(s) connects with an LTE or NR anchor cell operating in licensed spectrum
· The study assumes the techniques for linking between Pcell (LTE or NR licensed CC) and Scell (NR unlicensed CCs) according to the NR WI
· An NR-based cell operating standalone in unlicensed spectrum, connected to a 5G-CN network with priority on frequency bands above 6GHz, e.g., for private network deployments; 
· Study how to ensure from a RAN level that connection and security management can be integrated with the E-UTRAN, NG RAN and 5G CN architecture, including service continuity requirements for users moving between cells of licensed and unlicensed frequency bands, liaising with SA2 as required
In this contribution we discuss deployment scenarios for NR operation on various unlicensed bands. The related spectrum is discussed in [1].
2	Deployment Scenarios for NR-U
Based on the SID, the following deployment scenarios can be identified:
· Carrier aggregation between licensed band NR (PCell) and NR-U (SCell)
· NR-U SCell may have both DL and UL, or DL-only.
· [bookmark: _Hlk500847837]Dual connectivity between licensed band NR (PCell) and NR-U (PSCell)
· [bookmark: _Hlk500847868]Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell)
· Stand-alone NR-U

These options are illustrated in Figure 1.
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Figure 1. Deployment options for NR Unlicensed
 

2.1	NR-LAA (Licensed Assisted Access) with Carrier Aggregation
This deployment scenario is similar to Licensed Assisted Access (LAA), standardized for LTE in Releases 13 – 15. UL control information can be conveyed over the PCell on a licensed carrier, while DL control, as well and DL and UL shared channel data can be carried via unlicensed cells. The licensed carrier network is NR, and both DL+UL and DL-only operation on unlicensed spectrum are supported.
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Figure 2
The interfaces to the 5GCN are the mostly the same as when only licensed bands are used, although some minor modifications may be needed (e.g. some information about the use of unlicensed band for charging purposes, etc.). 
In our view, this is a fundamental scenario, providing support for especially MBB data offloading for operators with licensed NR spectrum. Naturally, there could be multiple cells aggregated on both licensed and unlicensed band(s). The option of DL-only CA can be attractive from device complexity point of view. Relying on PCell for e.g. UL control information transmission can help in ensuring low latency and reliability even in the presence of other nodes on unlicensed spectrum. UL CA (similar to eLAA) allows for offloading also UL data, providing further benefits.
When both the licensed carrier PCell and the NR-U SCells share the same PUCCH, aggregation and HARQ-ACK multiplexing with different numerologies might become necessary. Alternatively, if a separate PUCCH group is defined for NR-U cells, this scenario becomes from L1 point of view quite similar to dual-connectivity. 
We do not consider a carrier aggregation scenario between licensed band LTE (PCell) and NR-U (SCell) as practical due to significantly different processing timelines for LTE and NR.

2.2	NR-LAA (Licensed Assisted Access) with dual connectivity
This scenario is from L1 point of view similar to CA in Section 2.1 with both DL and UL supported, except that the UL control signalling is provided also over the unlicensed NR carrier. The licensed carrier network can be NR or LTE. Dual Connectivity involves a primary and secondary RAN node (similar to LTE), and the control plane signalling is over the licensed carrier. 
There are user plane connections both from the primary and the secondary RAN nodes to CN, but split bearers may also be used. The interfaces to the CN are the same as when only licensed bands are used with dual connectivity, although minor modifications may be needed to address unlicensed specific aspects.
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Figure 3
Dual connectivity with an NR PCell allows for (nearly) full offloading of data and control signals to unlicensed carriers, and facilitates deployments with non-collocated licensed and unlicensed gNodeBs. Compared to CA scenario (with single PUCCH cell group), support for UL control signaling also on NR-U carriers is required. Also, this scenario requires support of dual connectivity between NR PCell and NR PSCell (whose support may only be introduced in Rel-15 NR phase 2) with PSCell operating in unlicensed spectrum (with possible implications to dual connectivity procedures such as RLM on PSCell, etc.).

We see LTE- NR-U dual-connectivity as a key scenario for operators with limited or no access to licensed spectrum for NR, or for any operators deploying NR-U in areas without (licensed band) NR coverage. Utilizing unlicensed carriers allows for e.g. traffic offloading from licensed carriers, providing 5G data rates with 3GPP mobility. 
From NR-U L1 design point of view this option is the same as NR-to-NR-U Dual Connectivity. From higher layer perspective, this scenario is very similar to dual connectivity between licensed band LTE (PCell) and licensed band NR (PSCell) which will be supported in Rel-15 NR phase 1, with possibly some additional work due to PSCell operation in unlicensed spectrum.
2.3	Stand-alone NR-Unlicensed 
In this scenario, a UE is connected only to a NR-U cell, without any licensed band cell. The NR-Unlicensed RAN can be considered as a sub-type of NR RAN. Due to the use of unlicensed bands there can be some system level differences (e.g. QoS guarantees are more fragile, location information may not be at the same level). 
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Figure 4
In our view this is another key scenario. For mobile network operators it facilitates access to areas without licensed spectrum, and makes it possible to lease capacity from e.g. venue owners. Stand-alone NR-U enables simple and rapid deployments and makes it possible to e.g. provide extra capacity for mass events on a per need basis. 
In addition to MNOs, this scenario can also be interesting for e.g. cable operators, allowing them to make use of their existing wired network to provide NR services. 
Stand-alone NR-U also enables network deployments in enterprise and industrial environments (airports, harbors, factories, offices…) giving industry players a chance to control their own network. 
Compared to dual-connectivity, there is only minor additional L1 work required to support stand-alone NR-U, while more work is needed in RAN2, though the delta as compared to dual connectivity is still expected to be relatively small. 
Stand-alone deployments can be beneficial in any unlicensed spectrum identified as applicable for NR-U, including mmWave bands.

Proposal #1: Carrier aggregation (with NR PCell), Dual-Connectivity (with both NR and LTE PCell on licensed band), as well as Stand-alone NR-U operation are all supported, irrespective of the frequency band. 
3	Use Cases for NR-Unlicensed 
3.1	Mobile Broadband Data
eMBB is clearly one of the key drivers for NR operation on unlicensed bands, given the vast amount of spectrum available e.g. at 5/6 GHz. NR-Unlicensed gives the operators an opportunity to provide to the users a true 5G experience with data rates significantly beyond of those supported by LTE deployments. In dense environments, offloading of data traffic from licensed carriers becomes important, and NR-Unlicensed should provide a very appealing alternative for that scenario. When compared to e.g. WiFi, mobility and interaction with licensed NR cells can be seamless.  
Considering stand-alone NR-Unlicensed in particular, further benefits include simple and rapid deployments and access to areas without licensed spectrum. NR-U gives an opportunity to provide extra capacity for mass or critical events, and to rent capacity from e.g. venue owners, when needed.

3.2	Enterprise/Industrial Networks, and URLLC
Another use case, specifically related to stand-alone deployments is enterprise / industrial networks. This includes deployments in e.g. harbours, airports, factories, and offices, where private, secure networks may be required. For these use cases, NR-Unlicensed provides a number of benefits, including outdoor coverage, wide coverage and improved performance and safety of data and voice applications.  
NR-Unlicensed brings the opportunity for the parties operating the facilities to own and control their own NR network. This avoids the need for licensed spectrum, which could be costly, or impossible to acquire. 
Further benefits include optimized deployment for e.g. high data rates, coverage, or high-reliability and low latency. Unlicensed spectrum is generally not suitable for URLLC type of service due to channel blocking caused by other systems. However, there are several use cases where virtually “interference free” spectrum can be ensured by deployment, e.g. when the NR-U network is deployed in a large, private property. Additionally, obtaining licensed spectrum can be impossible or too costly for the business case for some deployments.
In our view, URLLC type of communications is an important for NR-Unlicensed, and specifications shall not restrict/prohibit use of URLLC features in unlicensed. Selected enhancements specific to NR-Unlicensed can be considered to improve reliability in case of external interference.

3.3	Fixed wireless access
One interesting use case, for especially 60 GHz bands, is fixed wireless access for e.g. wireless backhauling. While at 60 GHz, due to challenging radio propagation the opportunities for e.g. eMBB with mobility are perhaps limited, in wireless backhauling the requirement for a line-of-sight channel is not necessarily an issue. A practical deployment scenario might be one where NR-Unlicensed is used for replacing optical fiber for the last tens or hundreds of meters.



Proposal #2: Use cases for NR-Unlicensed include at least eMBB, Enterprise/Industrial Networks including URLLC aspects, and Fixed wireless access.


4	Conclusions
In this contribution, we have discussed potential solutions and techniques for NR unlicensed. Based on the discussion, we make the following observations and proposals:
Proposal #1: Carrier aggregation (with NR PCell), Dual-Connectivity (with both NR and LTE PCell on licensed band), as well as Stand-alone NR-U operation are all supported, irrespective of the frequency band. 
Proposal #2: Use cases for NR-Unlicensed include at least eMBB, Enterprise/Industrial Networks including URLLC aspects, and Fixed wireless access.
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