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0. Introduction
The contribution discusses the migration paths with different NR architecture options and its impact on interoperability, device and network equipment vendors supporting different architecture options and market fragmentation. 
0. Discussion
5G represents a unique challenge due to the many architecture options specified in the 3GPP standard which reflect the diverse needs of the 3GPP community. There can be multiple paths to reach the target architecture that an operator intends to deploy. It is imperative to consider the migration steps that would comprise of different paths. An operator can deploy NSA architecture options #3, #4 or #7 or standalone architecture options #5 or #2. In the initial 5G launches, option #2 and #3 have been well supported by the industry. With option 3, NSA capable devices can benefit from higher NR data-throughput and low latency but continue to use 4G coverage for service continuity. The next stage can be migration to NSA options #4 or #7 which will allow dual connectivity of both 4G and 5G access to the new 5G core or SA option #5 to get the benefits of the cloud native 5G core. With SA option #5, benefits of NR radio cannot be utilized unlike SA option #2 which will bring true 5G performance enabling increased throughput to the edge and assisting in the development of Ultra Reliable Low Latency Communications and massive Machine Type Communications. All the migration paths with option #4, #5 and #7 bring in complexity and increased cost when direct path to option #3 and #2 can be taken to get the NR benefits without adding unnecessary complexity and cost.
Multiple migration paths with different schedules may result in market fragmentation leading to no global roaming supported for 5G between operators with different architecture deployments. This could incur significant risks in terms of market fragmentation, interoperability, supporting the diverse user cases that 5G will address as discussed below 
0. Market Fragmentation: With multiple architecture options there is a high risk that operators will consider different migration paths to reach the target configuration. Different 5G operator deployment schedules will likely cause market fragmentation. And that, in turn, will lead to different variants of 5G being deployed in devices and networks. The higher the number of options deployed, the more complex and time consuming it will be to establish 5G roaming in the industry.
 
0. Roaming: UE may be required to connect foreign networks or other operators using LTE or NR. If the UE only supports the operator preferred home network architecture option, then it might not be able to connect into roaming network unless the home network operator and roaming operators have a common architecture else the UE would have to fallback to legacy LTE technology. 

0. Device Availability: It would be extremely regrettable should the NR market be skewed due to insufficient number of devices supporting the desired architecture options. This would discourage the operators investing in NR until they are confident that UE devices would be available that support their desired architecture. This also increases challenges for chipset vendors and network equipment vendors to support different architecture options with features specific to the operator deployment in that region. Supporting deployment options with eLTE, such as option 4, 5 and 7, would require continued investments in eLTE deployments for a long time due to chipset and network equipment support of these options.

0. New user cases: It is likely many new entrants or some vertical markets may only need a limited set of network architectures to be initially supported. These could be; NTN operators, cable operators, FWA systems and semi-private network for campus, factories and businesses. These deployments can take full advantage of NR end-to-end network capabilities supported by NR and 5GC to provide customized service. Standalone architecture option #2 will be the preferred option for greenfield operators/new entrants. With different deployment options, the new entrants will be at a disadvantage due to lack of device chipsets and network equipment supporting the desired architecture. 

0. Slow Rollout of Standalone NR: NR standalone option #2 deployment may be slowed down and restricted to certain areas if multiple architecture options are considered for deployment in the interim.  NSA option 3 requires additional cost and time for migration to other options network due to upgrade of legacy LTE base stations as well as introducing 5G core. Also, for legacy users and initial NSA devices, the network would have to support connection to EPC with LTE radios. Operators may then selectively deploy standalone NR only where needed and rely on LTE offered in wide-area coverage. 

0. Interoperability: The complexity due to multitude of deployed architecture options would have an impact on the E2E testing of services in the operator network. This will require comprehensive interoperability testing between devices and networks to the ensure 3GPP compliance and operation of legacy features and services.

Industry has been aligned to supporting option 2 and 3 in the initial launches. Option 3 is a good short-term alternative for 5G standalone deployment, as it leverages existing LTE/EPC (option 1). It also provides robust mobility as the LTE eNB is the anchor based on anchoring in LTE/EPC, even if the NR coverage is spotty. 
One of the main drivers for going beyond option 3 is to provide 5GC-enabled capabilities like enhanced network slicing, edge computing support, virtualization and operational benefit along with enhanced radio performance. Option 2 is target/long-term network architecture as it utilizes both the new radio and core network.

Observation 1: NSA Option #3 augments the existing LTE radio network to allow higher NR data rates and lower latency with LTE service continuity. 
Observation 2: NSA Option #3 is required for quick time to market of 5G services and verticals.
Observation 3: SA Option #2 is the long-term deployment option to utilize the benefits of 5G New Radio and Core.
Observation 4: Multiple deployment options would fragment the market and delay the support of global 5G roaming.
Observation 5: Migration paths with #4, #5 and #7 would require continued investments in eLTE deployments for a long time due to chipset and network equipment support of these architecture options.
Observation 6: NR standalone option 2 deployment may be delayed if different architecture are pursued in the interim putting new entrants at a disadvantage. 
[bookmark: _GoBack]Observation 7: Expansive end to end interoperability testing will be required if multiple deployment options are supported.
 
0. Conclusion 
Leverage an ecosystem free of fragmentation that supports global 5G roaming by focusing deployment on limited architecture options for bringing true 5G performance to market in a timely and cost-efficient way.



