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Abstract of the contribution: Proposed framework to capture deployment scenarios and some interworking requirements.
1.	Discussion
The main objective of this contribution is the following:
-	identify the key interworking scenarios between EPS and NGS
NOTE 1: 	In this document eLTE and Evolved-EUTRAN mean the same thing.
NOTE 2: 	This document only considers only non-roaming deployment. Roaming will probably introduce additional interworking scenarios that should be covered in the TR.
While considering various migration scenarios, the following figure provides a generic deployment scenario in an operator’s network. EPC
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Figure 1. A generic deployment scenario for EPS and NGS.
On the left side are the different network architecture elements deployed by the operator and on the right are service area boundaries of the various architecture options deployed in the operator’s network. The following are the service areas depicted in the figure:
a.	Coverage area of EPC/LTE. This is assumed to cover the service area of the operator reflecting conventional deployment.
b.	Coverage area of NGC/eLTE (Option 5). It is assumed that the operator may have deployed this option over a significant region of his/her service area. (Area (b) has underlay coverage of area (a)).
c.	Coverage area of LTE-assisted NR (Option 3). Here the NR cell is deployed in an assisted mode with LTE providing the umbrella coverage.
d.	Coverage area of eLTE-assisted NR (Option 7) Here the NR cell is deployed in an assisted mode with eLTE providing the umbrella coverage.
e.f.g.	Three options of coverage areas of NGC/NR. In (e) the NGC/NR coverage area is overlayed on top of NGC/eLTE, i.e. the surrounding LTE cells are connected to NGC. In (f) the NGC/NR is overlayed on top of EPC/LTE, i.e. the surrounding LTE cells are only connected to EPC (and not to NGC). In (g), the NGC/NR cell is deployed in isolated location without an overlay of LTE or eLTE, eg. factory floor or rural areas. Note that (g) can also be used to model a scenario where either LTE or eLTE coverage is available but service continuity is not needed when going out of NR coverage.
The above figure is generic and can be used to cover various operator deployment options. A few example deployment scenarios and how the figure can be updated to capture such a deployment are listed below: 
-	Operator does not deploy Option 3 	=> 	Region (c) is not present
-	Operator does not deploy Option 7 	=>	Region (d) is not present
-	Operator does not deploy NR standalone	=>	Regions (e), (f) and (g) are not present
-	Operator deploys NR standalone in isolated areas =>	Regions (e) and (f) are not present. Region (g) is 				present. Regions (c) and (d) may be present for NR in 				assisted mode.
The relative sizes of the coverage areas can also be manipulated to describe some deployment options. For example for an operator that decides to upgrade all LTE cells to eLTE would have a coverage area of (b) to be mostly fully overlayed on (a). The above figure also depicts the scenario where NR is deployed in small pockets, eg where NR is deployed in only higher frequencies.
For an operator that deploys NR in non-standalone (NSA) mode only: Coverage area (c) is NR in NSA mode with LTE as the primary cell and coverage area (d) is with eLTE as the primary cell. In most deployments whereas there is coverage area for Option 7 (d), the same will also provide Option 3 service (c). However, an Option 3 coverage area (c) will not always be an Option 7 coverage area (d).  
If an operator deploys NR in standalone mode, an NR cell may operate in both standalone mode (f and e) and in non-standalone mode (c and d) simultaneously for different UEs. Hence service areas (f,c) and (e,d) may overlap for such an operator. However, an operator may choose to deploy some NR cells only in SA mode and not have them operate in NSA mode. In such cases, areas (f) and (c) are different and similarly areas (e) and (d) are different
The figure can also be extended to cover multiple isolated deployments of standalone NR, eg. multiple (e), (f) or (g) regions. However, to study inter-working scenarios, depicting such multiplicity is not needed.
The figure also enables one to consider the interworking scenarios. Figure 2 captures the two key inter-system (EPC and NGC) interworking scenarios:
· Interworking scenario 1: between service areas of NGC/Evolved-EUTRAN (area b) and EPC/E-UTRAN (area a)
· Interworking scenario 2: between service area of NGC/NR (area e, or f or g) and EPC/E-UTRAN (area a)  
Before going into the details of the inter-system interworking scenarios, it may be good to first point out why some of the other region boundaries are not considered for inter-system interworking scenarios.
-	(a) and (c): 	This is the boundary between LTE and Option-3 regions. LTE dual connectivity 		specifications will cover this scenario.
- 	(b) and (d):	This is the boundary between eLTE and Option-7 regions. Similar to the above eLTE 		dual connectivity specifications will cover this scenario.
-	(e) and (b)	This is the boundary between NGC/NR and NGC/eLTE region. NextGen Core and 		RAN specifications will cover this interface, as this is not an inter-system interface.
A discussion point is whether from a system design perspective, it makes sense to have interworking requirements for this scenario to be different from scenario 1, since the only difference is the RAT to which the UE is camping on.
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Figure 2. Inter-system interworking scenarios.
Consideration of Dual Connectivity: In case of dual-connectivity the primary-cell controls the handovers and executes them. The secondary cell is controlled by the primary cell. Hence, when considering inter-system interworking, the interworking solution will not depend on whether the source cell is used in dual-connected configuration or not. Procedures (mostly in RAN specifications) will be needed to handle these dual-connectivity handover scenarios but mobility requirements are the ones that apply to the source and target primary cells.
For idle-mode mobility: whenever the UE goes idle, the context in the SeNB is deleted. Hence, dual-connectivity is only applicable to connected mode and there are no dual-connectivity considerations for idle mode. 
Hence, deployment of dual-connectivity options do not have impact on inter-system interworking mobility requirements. The inter-system interworking requirement between areas [d, a] or [d, c] are the same as that between eLTE and LTE [b,a]. 
Proposal 1: Capture in the TR, that dual-connectivity options (Option 3, Option 7 and Option 4) do not create any new mobility requirements on inter-system interworking. The scenarios that we need to focus on are the non-dual connectivity scenario.
Proposal 2: Capture in the TR the above mentioned interworking scenarios to be captured in the TR for determination of interworking requirements.

Roll-out/Migration Requirements: At this meeting, we do not have concrete mobility/service requirements for interworking scenarios. 
However, on the general topic of upgrades: Upgrades to the network are costly both from CAPEX and OPEX perspective, even for small software updates. Upgrading from LTE to eLTE will be more that “small/routine software update”. Also, as NGC is still being defined, the advantages of NGC as compared to EPC are still being debated. EPC has been deployed in the market, with the rollout of EPC still increasing. EPC will be around for much longer period of time. An operator should not be expected to upgrade all his/her LTE to eLTE, eg. to meet inter-operability requirements. An operator may never decide to upgrade all his/her LTE to eLTE even if the inter-operability requirement are met for various reasons, commercial or otherwise.
Proposal 3: Capture in TR that an operator shall not be required to upgrade all of his/her eNBs to connect to NGC to meet the interworking requirements.  
2	Proposal
[bookmark: _Toc458158019]Proposal 1: Capture in the TR, that dual-connectivity options (Option 3, Option 7 and Option 4) do not create any new mobility requirements on inter-system interworking. The scenarios that we need to focus on are the non-dual connectivity scenario.
Proposal 2: Capture in the TR the above mentioned interworking scenarios to be captured in the TR for determination of interworking requirements.
Proposal 3: Capture in TR that an operator shall not be required to upgrade all of his/her eNBs to connect to NGC to meet the interworking requirements.  
***************  Start Changes *************************

5.18	Key Issue 18: Interworking and Migration 
[bookmark: _Toc458158020]5.18.1	Description
This key issue focuses on migration and interworking scenarios between EPS and NGS.
Migration scenarios will be identified and solutions to these scenarios will be provided in the solutions clause.
Example migration scenarios to consider are:
Scneario-1:	From EPC to NextGen core, considering the coverage area of EPC vs NextGen Core.
NOTE:	The aspects to cover depend on the agreed RAN-CN functional split.
In addition, typical roaming scenarios between operators will be studied. For example:
-	Need for NextGen core of an operator to support roaming with partners that have not yet migrated to the NextGen core.
Based on the identified migration and roaming scenarios the need for interworking solutions between the NextGen core network and EPC will be determined and related solutions will be discussed. If a need for interworking is identified, the required level of interworking will also be analysed (e.g. whether seamless interworking needs to be supported during intersystem change, i.e. whether service disruption is acceptable or not when there is an intersystem change).
The following are the assumptions for interworking and migration:
-	Dual-connectivity options (Option 3, Option 7 and Option 4) do not create new mobility requirements on inter-system interworking as compared to non-dual connectivity (single connectivity) scenarios. Hence, the scenarios to consider for interworking are the non-dual connectivity scenarios.
-	The following are the interworking scenarios to be considered for determining interworking requirements:
-	between service areas of NGC/Evolved-EUTRAN (Option 5) and EPC/E-UTRAN (Option 1)
-	between service area of NGC/NR (Option 2) and EPC/E-UTRAN (Option 1).
Editor’s Note: It is FFS if these two scenarios can be treated as a single interworking scenario between NGS and EPS from a mobility and service continuity requirements perspective
The following requirements should be met for interworking and migration:
-	An operator shall not be required to upgrade all of his/her eNBs to connect to NGC to meet the interworking requirements.
-	…


***************  Next Change *************************
6.18.x	Framework to Capture Deployment Scenarios
This section provides a framework to capture deployment scenarios of the different options of EPS and NGS in Annex J. 
NOTE: 	In this section the terms Evolved E-UTRAN and eLTE are used interchangeably.
While considering various migration scenarios, the following figure provides a generic deployment scenario in an operator’s network. EPC
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Figure 6.18.x-1 A generic deployment scenario for EPS and NGS.
NOTE: Option 4 is not shown in the Figure above.
On the left side are the different network architecture elements deployed by the operator and on the right are service area boundaries of the various architecture options deployed in the operator’s network. The following are the service areas depicted in the figure:
a.	Coverage area of EPC/LTE (Option 1). This is assumed to cover the service area of the operator reflecting conventional deployment.
b.	Coverage area of NGC/eLTE (Option 5). It is assumed that the operator may have deployed this option over a significant region of his/her service area. (Area (b) has underlay coverage of area (a)).
c.	Coverage area of LTE-assisted NR (Option 3). Here the NR cell is deployed in an assisted mode with LTE providing the umbrella coverage.
d.	Coverage area of eLTE-assisted NR (Option 7) Here the NR cell is deployed in an assisted mode with eLTE providing the umbrella coverage.
e.f.g.	Three options of coverage areas of NGC/NR. In (e) the NGC/NR coverage area is overlayed on top of NGC/eLTE, i.e. the surrounding LTE cells are connected to NGC. In (f) the NGC/NR is overlayed on top of EPC/LTE, i.e. the surrounding LTE cells are only connected to EPC (and not to NGC). In (g), the NGC/NR cell is deployed in isolated location without an overlay of LTE or eLTE, eg. factory floor or rural areas. Note that (g) can also be used to model a scenario where either LTE or eLTE coverage is available but service continuity is not needed when going out of NR coverage.
The above figure is generic and can be used to cover various operator deployment options. A few example deployment scenarios and how the figure can be updated to capture such a deployment are listed below: 
-	Operator does not deploy Option 3 	=> 	Region (c) is not present
-	Operator does not deploy Option 7 	=>	Region (d) is not present
-	Operator does not deploy NR standalone	=>	Regions (e), (f) and (g) are not present
-	Operator deploys NR standalone in isolated areas =>	Regions (e) and (f) are not present. Region (g) is 				present. Regions (c) and (d) may be present for NR in 				assisted mode.
The relative sizes of the coverage areas can also be manipulated to describe some deployment options. For example for an operator that decides to upgrade all LTE cells to eLTE would have a coverage area of (b) to be mostly fully overlayed on (a). The above figure also depicts the scenario where NR is deployed in small pockets, eg where NR is deployed in only higher frequencies.
For an operator that deploys NR in non-standalone (NSA) mode only: Coverage area (c) is NR in NSA mode with LTE as the primary cell and coverage area (d) is with eLTE as the primary cell. In most deployments whereas there is coverage area for Option 7 (d), the same will also provide Option 3 service (c). However, an Option 3 coverage area (c) will not always be an Option 7 coverage area (d).  
If an operator deploys NR in standalone mode, an NR cell may operate in both standalone mode (f and e) and in non-standalone mode (c and d) simultaneously for different UEs. Hence service areas (f,c) and (e,d) may overlap for such an operator. However, an operator may choose to deploy some NR cells only in SA mode and not have them operate in NSA mode. In such cases, areas (f) and (c) are different and similarly areas (e) and (d) are different
The figure can also be extended to cover multiple isolated deployments of standalone NR, eg. multiple (e), (f) or (g) regions. However, to study inter-working scenarios, depicting such multiplicity is not needed.
The figure also enables one to consider the interworking scenarios. Figure 6.18.x-2 captures the two key inter-system (EPC and NGC) interworking scenarios:
· Interworking scenario 1: between service areas of NGC/Evolved-EUTRAN (area b) and EPC/E-UTRAN (area a)
· Interworking scenario 2: between service area of NGC/NR (area e, or f or g) and EPC/E-UTRAN (area a).
Editor’s Note: It is FFS if these two scenarios can be treated as a single interworking scenario between NGS and EPS from a service continuity requirements perspective. 
Before going into the details of the inter-system interworking scenarios, it may be good to first point out why some of the other region boundaries are not considered for inter-system interworking scenarios.
-	(a) and (c): 	This is the boundary between LTE and Option-3 regions. LTE dual connectivity 		specifications will cover this scenario.
- 	(b) and (d):	This is the boundary between eLTE and Option-7 regions. Similar to the above eLTE 		dual connectivity specifications will cover this scenario.
-	(e) and (b)	This is the boundary between NGC/NR and NGC/eLTE region. NextGen Core and 		RAN specifications will cover this interface, as this is not an inter-system interface.EPC
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Figure 6.18.x-2. Inter-system interworking scenarios.
Consideration of Dual Connectivity: In case of dual-connectivity the primary-cell controls the handovers and executes them. The secondary cell is controlled by the primary cell. Hence, when considering inter-system interworking, the interworking solution will not depend on whether the source cell is used in dual-connected configuration or not. 
For idle-mode mobility: whenever the UE goes idle, the context in the SeNB is deleted. Hence, dual-connectivity is only applicable to connected mode and there are no dual-connectivity considerations for idle mode. 
Hence, deployment of dual-connectivity options do not have impact on inter-system interworking mobility requirements. The inter-system interworking requirement between areas [d, a] or [d, c] are the same as that between eLTE and LTE [b,a].
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