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1	Introduction
The following is the proposed list of work tasks for Key Issue #18.
NOTE 1: For the purpose of this set of WTs aimed at addressing Key Issue 18, we consider options 2, 3, 4,5,7 from SP-160464. According to the TR’s definition options 2,4,5,7 are considered as an NG RAN. One WT considers all aspects that are in common for NG RANs corresponding to options 2, 4, 5, and 7. And another WT considers the specifics related to option 3, which is not considered as NG RAN by SA2. It should be noted that SA2 considers the “LTE” shown by those options 2,4,5,7 as “eLTE”/evolved E-UTRAN.
NOTE 2: it is expected that the definition of NG RAN in SA TR will be modified to correspond to options 2, 4, 5 and 7.
It should be noted that NG RAN (defined by SA2) takes the architecture view and defines an NG RAN as a RAN that interacts with the NG CN. From an SA2 perspective, New Radio is not visible in option 3 (i.e. as from EPC perspective, it is seen as [legacy] LTE eNB).
NOTE 3: the WTs below need to consider that a UE supporting NG RAN may be supporting one or more combinations of options. 
NOTE 4: interworking between EPC and NextGen CN is part of the study in the various WTs. Whether such IW is required is part of the study and depends on the scenarios identified and solutions proposed. 
	Key Issue: Interworking and Migration

	Work Task ID
	Work Task(s)
	Work Task Description

	IWM_WT_#1
	Interworking and migration Scenarios within an operator (non-roaming)
	1.1 Identify and describe the interworking and migration scenarios wherein a PLMN/operator has deployed an NG system in parts of the PLMN area in addition to an existing legacy 3GPP RAN and where some interworking is required to maintain at least some level of service for UEs changing between NG RAN and legacy 3GPP RAN. 
Note: Level of service continuity offered during interworking may range from seamless service continuity to no service continuity, requiring re-attach.
1.2 For each of those scenarios, identify what level of service continuity, possibly specific per service,  shall be maintained for UEs changing between NG RAN and legacy 3GPP RAN.
Identify the UE and CN requirements to support such aspects.

Note: This WT considers all aspects that are in common for NG RANs corresponding to options 2, 4, 5, and 7. 

	IWM_WT_#2
	Interworking and migration specifics related to the different NG RAN options

	2.1 Identify any Interworking and migration aspects that are in addition to what is considered under WT1 and that are specific for any of the NG RAN options. For example, there might be some differences for UEs changing between LTE and Evolved E-UTRA (option 5 and 7) compared to changing between LTE and NR (option 2 and 4). 
2.2 Identify the migration and interworking between option 2, 4, 5 and 7, if any is needed. 
2.3 Identify the UE and CN requirements to support such aspects.
Note: solutions for WT#2 depend on the outcome of WT#1 and RAN WGs developing option 2, 4, 5 and 7. 

	IWM_WT_#3
	Interworking and migration specifics related to option 3
	Identify any interworking and migration aspects that are in addition to what is considered under WT1 and WT 2 caused by deployments that migrate first to option 3 and afterwards to other NG RAN options.

	IWM_WT_#4
	Roaming and Interworking Scenarios
	4.1 Identify roaming scenarios between an operator that deploys an NG system and one that deploys only an EPS. For each of the identified scenarios determine what level of service is provided for the roaming users.
4.2 Identify roaming requirements for the UE and the network that solutions for other key issues (e.g. session management, mobility management, QoS, etc.) need to satisfy. 




2	Email Discussion

Status of Thursday July 3:
- 4 companies comments have been submitted, with some overlap but also diverging views. 

2.	Discussion on Key Issue 18 – Interworking and Migration
2.1 IWM_WT#1 – Interworking and Migration Scenarios within an operator (non-roaming)
1.1 Identify and describe the interworking and migration scenarios wherein a PLMN/operator has deployed an NG system in parts of the PLMN area in addition to an existing legacy 3GPP RAN and where some interworking is required to maintain at least some level of service for UEs changing between NG RAN and legacy 3GPP RAN. 
Companies are invited to provide their views on key migration scenarios in the table below (brief summary, not lengthy description).
	Company name
	Comments

	Intel
	We consider the following two cases:

1) The legacy (deployed) LTE base is upgraded to support NG2/NG3 interfaces to NG Core, in parallel to support for S1 interface to EPC. On the radio side, the upgraded LTE base supports either option 5 or option 7, in addition to support for legacy LTE. Legacy UEs are steered towards EPC, whereas NG UEs are steered towards NG Core. Interworking and migration among any pair of NG Core options (5, 7, 2, 4) is based on “NG2/NG3 handover”.

2) The NG Core and NG RAN are deployed only in certain areas (islands). Outside of these areas there is only legacy EPC/LTE (or EPC/GERAN or EPC/UTRAN) coverage. Upon mobility to/from an NG island the UE performs an Attach  (or Handover Attach) procedure. If the radio interface design supports “dual radio” operation (i.e. simultaneous connection to the NG system and EPS in parallel for a prolonged period of time), the UE can leverage upper layer mechanisms to move traffic from one system to another (the assumption being that there is no IP address preservation when moving between the two systems). Alternatively, IP address preservation can be supported when moving between NG system and EPS, but this requires at least S5 support on NG Core side towards a PGW function.

For details refer to the revision of S2-161828.


	QC
	Two scenarios are considered when not all E-UTRAN nodes have been upgraded to Evolved E-UTRAN to connect to NextGen Core (NGC)
1) no service continuity, the UE re-attaches when moving between E-UTRAN and an NG RAN
2) full service continuity via address preservation is provided by defining an interworking function (called Rel. 15 MME/SGW), and by anchoring the UE in the NGC even when connected via the non-evolved E-UTRAN.
The UE supports an EPC NAS and a NG NAS. The UE will use EPC NAS or NG NAS depending on the core network by which it is served.

	LGE
	When moving between NG RAN and legacy 3GPP RAN, the UE deployed with both legacy NAS and new NAS will use legacy NAS or new NAS depending on the core network by which it is served.


	NTT DOCOMO
	Here, it is assumed that the initial status is Option-1 (LTE-EPC) and, as the next step, the operator introduces NG Core, i.e. additionally deploys any of Option-2, Option-4, Option-5 and Option-7, while also keeping Option-1 (LTE-EPC) for legacy UEs. Deployed E-UTRAN nodes are upgraded to support NG2/3 to NexGen while also keeping support for S1 to EPC, but not all the deployed E-UTRAN nodes may be upgraded. In this case, two options of service continuity may be considered between EPC and NG Core: (a) no session continuity with UE doing a handover attach or (b) full session continuity between EPC and NG Core.

	Cisco
	In case all LTE base stations in the PLMN have been upgraded to support NG2/NG3, there is no need for any additional interworking.

In case only a subset of LTE base stations in the PLMN have been upgraded to support NG2/3 then UEs need to re-attach when moving to/from an area where LTE base stations have not been upgraded yet.

If this is a (very) temporary issue, then the need for an additional, most likely complex interworking solution (specifically to support IP session continuity) does not appear to be justified. 



	MediaTek
	We consider EPS will co-exist with NGS for a substantial time. We also expect NGS deployment in many PLMNs will be gradual, comparable to the deployment of previous generations. With this in mind, we do see a need for interworking and for seamless service continuity between EPS and NGS in both directions i.e. EPS<>NGS. For the moment, we see no need for interworking or service continuity between NGS and GSM/UMTS.

The following mechanisms should be considered:
· Inter-system handover where resources in the target system are reserved prior the UE accessing the target system
· Inter-system cell reselection where resources in the target system are assigned after the UE accesses the target system 

Although we could reasonably expect initial NGS UEs to be multimode UEs i.e. supporting NGS and EPS, no requirement for multimode NGS+EPS should be put on the NGS UE – i.e. this should remain an implementation option.

The mechanisms should be defined such that single radio operation is possible.

	ZTE
	We think NRS will be deployed in certain areas (islands) in the first stage and LTE will have better coverage than NRS. 

We think seamless handover between NR and LTE may not be justified so less interworking works are identified in Rel 15.
· NR has higher performance than LTE,  seamless handover from NR to LTE may be hardly to achieve. When the UE moves outside of NG coverage, the UE can deactivate the NG PDU session while keeping the EPS PDN session.
· LTE has better coverage than NR, no need for seamless handover to NR.  The UE can initiate NR session towards the same GW of the EPS PDN session if the UE is in the NR coverage. 

Whether the single radio operation or dual radio for NR and LTE may also impact the scenario however this should be studied in RAN.

	Samsung
	Same as MediaTek

	
	



1.2 For each of those scenarios, identify what level of service, possibly specific per service,  shall be maintained for UEs changing between NG RAN and legacy 3GPP RAN.
Companies are invited to provide their views in the table below.
	Company name
	Comments

	QC
	Depending on the selected scenario, full service continuity can be supported for all services via IP address preservation.

	NTT DOCOMO
	The same as QC.

	Cisco
	This depends on operator requirements for different services.  In addition, it would be helpful to discuss whether operators assume potential “inhomogeneous” deployments (only subset of the LTE base stations has been upgraded) to be a (very) temporary or a long-term issue.


	ZTE
	IP address preservation is supported however seamless handover is not supported in Rel15.

	
	



Email convenor’s summary:
Two scenarios need to be considered:
-	E-UTRAN is upgraded uniformly to Evolved E-UTRAN in the whole operator network
-	Only a subset of E-UTRAN is upgraded
If only a subset of E-UTRAN is upgraded to NG2/NG3 connectivity:
-	either re-attach is required upon moving between Evolved E-UTRAN/NR and E-UTRAN, or
-	some form of interworking is technically required to provide continuity
- 	one proposal for dual-radio operation
-	most proposals imply single-radio operations
QUESTION: It needs to be clarified whether such non-homogeneous upgrade of E-UTRAN is considered to be a long-term scenario to be addressed by dedicated solutions. 
2.2 IWM_WT#2 - Interworking and Migration specifics related to the different NG RAN options
2.1 Identify any Interworking and migration aspects that are in addition to what is considered under WT1 and that are specific for any of the NG RAN options. For example, there might be some differences for UEs changing between LTE and Evolved E-UTRA (option 5 and 7) compared to changing between LTE and NR (option 2 and 4). 
2.2 Identify the migration and interworking between option 2, 4, 5 and 7, if any is needed. 
2.3 Identify the UE and CN requirements to support such aspects.
Companies are invited to provide their views on roaming scenarios in the table below (brief summary, not lengthy description).
	Company name
	Comments

	QC
	No specific differences identified for UEs changing between LTE and Evolved E-UTRA (option 5 and 7) compared to changing between LTE and NR (option 2 and 4) from a NextGen CN and system level point of view. However, when accessing a E-UTRAN, impacts have been identified for the Evolved E-UTRAN and the UE since the UE needs to know whether the E-UTRAN supports NextGen CN or not. The Evolved E-UTRAN needs to be able to indicate to the UE that it supports NextGen CN (so the UE can identify whether the E-UTRAN is evolved or not), and the NextGen UE needs to indicate to the RAN that it intends to connect to the NextGen CN (so that the Evolved E-UTRAN can direct the UE to be served by the NextGen CN).

	LGE
	In case of the UE deployed with both legacy NAS and new NAS, no specific differences for UEs changing between LTE and Evolved E-UTRA (option 5 and 7) compared to changing between LTE and NR (option 2 and 4). 


	NTT DOCOMO
	In addition to QC comments, there might need a selection mechanism of whether to use Evolved E-UTRAN(Option-5 and Option-7) or NR(Option-2 and Option-4) for initial access when NR SA operation is available.

	MediaTek
	We consider scenarios 4 and 7 RAN internal i.e. AS-related extensions of scenarios 2 and 5 (respectively) that are transparent to NG Core (except possibly for charging purpose).

It is necessary to prevent a NG UE supporting Evolved E-UTRA to camp on an E-UTRA cell – we however see this is something that need to be resolved at the AS.

	ZTE
	No specific differences identified from CN point of view. 

The UE should be able to decide whether to use NG1 NAS over Evolved E-UTRA /NR or legacy NAS over E-UTRA.


	Samsung
	Same as ZTE



Email convenor’s summary:
There seem to be no specific differences for UEs changing between LTE and Evolved E-UTRA (option 5 and 7) compared to changing between LTE and NR (option 2 and 4) if the NextGen UE is capable of supporting both legacy NAS and new NextGen NAS.


2.3 IWM_WT#3 - Interworking and Migration specifics related to option 3
Identify any interworking and migration aspects that are in addition to what is considered under WT1 and WT 2 caused by deployments that migrate first to option 3 and afterwards to other NG RAN options.
Companies are invited to provide their views on roaming scenarios in the table below (brief summary, not lengthy description).
	Company name
	Comments

	QC
	As for WT#1, two scenarios are considered when not all E-UTRAN nodes have been upgraded to Evolved E-UTRAN
1) no service continuity, the UE re-attaches when moving between Option 3 and an NG RAN
2) full service continuity via address preservation is provided by defining an interworking function (called Rel. 15 MME/SGW), and by anchoring the UE in NextGen CN even when connected via the non-evolved E-UTRAN.

	LGE
	In the scenario when not all E-UTRAN nodes have been upgraded to Evolved E-UTRAN, the UE with only Non-standalone NR capability (option 3) in the early stages of deployment doesn’t have new NAS.
When moving between E-UTRAN to EPC (option 3) and Evolved E-UTRAN to NextGen core, the UE should be able to operate with the legacy NAS without dependency on the core network.
 The NextGen system should support this UE.


	NTT DOCOMO
	The initial status is Option-1 (LTE-EPC). As the first step, the operator introduces NSA NR, i.e. additionally deploys Option-3 (LTE assisted NR). Since Option-3 is anchored in EPC, session continuity is provided. As the second step, the operator introduces NG Core, i.e. additionally deploys Option-5 and Option-7. Deployed E-UTRAN nodes are upgraded to support NG2/3 to NexGen while also keeping support for S1 to EPC, but not all the deployed E-UTRAN nodes may be upgraded. In this case, similar as for WT#1, two options of service continuity may be considered between EPC and NG Core: (a) no session continuity with UE doing a handover attach or (b) full session continuity between EPC and NG Core.

NOTE: for the reasoning of the above scenario, see S2-16xxxx (a planned input to July)

	Cisco
	Same as for WT#1

	MediaTek
	Further to what we stated for WT#1 – we would like to stress Option #3 is a pure EPS scenario. 

We consider that the need for UEs supporting Option #3 to support NGS is much lower than the need for UEs supporting Option #7 to support EPS. Thus we see Option #3 is a simple option for early NR deployments, anchored with E-UTRA, with a much lower implementation burden than would be required through Option #7 + EPS.

	ZTE
	The additional aspect from option3 is, the operator may upgrade the NR to support NG2/NG3 connecting to NG core, while keeping the LTE  to use S1 to EPC.  If this is a valid scenario, then it may be beneficial to align the interface between LTE and NR in option 3 with NG2/NG3.

	Samsung
	Similar to LGE but different aspect. In this scenario, NextGen UE with only Non-standalone NR capability (option3) in the early deployment stages may need to be upgraded to support Standalone NR capability with NextGen NAS to attach NextGen CN at the later deployment.



Email convenor’s summary:
No specific common view on these aspects. 
It needs to be clarified whether a non-homogeneous upgrade of E-UTRAN is considered to be a long-term scenario to be addressed by dedicated solutions. 

2.4 IWM_WT#4 - Roaming and Interworking Scenarios
4.1 Identify roaming scenarios between an operator that deploys an NG system and one that deploys only an EPS. For each of the identified scenarios determine what level of service is provided for the roaming users.
Companies are invited to provide their views in the table below, referring to the solutions proposed in the previous subtasks.
	Company name
	Comments

	QC
	If the VPLMN deploys only EPS and the HPLMN deploys EPS and NGC, basic roaming can be achieved by allowing the 5G NGC-capable UE to access only the EPC in the VPLMN. More complex roaming can be achieved if the VPLMN deploys an interworking Rel. 15 MME/SGW and NG2/NG3 can be roaming interfaces.
If the VPLMN deploys NGC with EPS, and the HPLMN only EPS, HPLMN UEs are most probably not 5G UEs capable to connect to NGC and NG RAN. Roaming is as in EPS-EPS.
If the VPLMN deploys NGC without EPS, and the HPLMN only EPS, HPLMN UEs are most probably not 5G UEs capable to connect to NGC and NG RAN and though they could connect to E-UTRAN, they cannot access services hosted by the VPLMN. For any such roaming, VPLMN has to deploy some level of EPC CN support with option 3.
 


	LGE
	If the VPLMN deploys only NG system (NextGen core and NG RAN) without EPC, and the HPLMN deployed only EPS with the option 3, the HPLMN UEs with only Non-standalone NR capability (for option 3) in the early stages of deployment doesn’t have new NAS. The HPLMN UE connects to VPLMN by using legacy NAS. The VPLMN NextGen system should support this UE.


	NTT DOCOMO
	In general, consideration similar to that between GPRS and EPC applies. (e.g. additionally in particular, a mobility restriction procedure needs to be considered, as if it was considered to solve the “ping-pong” issue between UMTS and EPS, taking into account UE capability, subscription, roaming agreement, etc.)

	Cisco
	Case 1: VPLMN (NG), HPLMN (EPS)
NG operator can support inbound EPS roaming by keeping the required EPS CN functions. This is reasonable to assume if the NG operator has legacy RATs deployed. While this theoretically means that inbound roaming NG capable UEs cannot enjoy NG in the VPLMN, the rate of NG capable UEs from an EPS-only HPLMN is most likely low anyhow.

Case 2: VPLMN (EPS), HPLMN (NG)
Similarly, the HPLMN can support outbound EPS roaming by keeping the required EPS CN functions. This is reasonable to assume if the NG operator has legacy RATs deployed. 

Conclusion: EPS roaming (and the level of service offered by it) can be provided by keeping EPS CN functions deployed in parallel to NG. 


 

	MediaTek
	See Cisco.

	ZTE
	See Cisco



4.2 Identify roaming requirements for the UE and the network that solutions for other key issues (e.g. session management, mobility management, QoS, etc.) need to satisfy.
Companies are invited to provide their views in the table below, referring to the solutions proposed in the previous subtasks.
	Company name
	Comments

	
	

	
	

	
	

	
	

	
	



Email convenor’s summary:
There is consensus on these scenarios:
-	VPLMN has NextGen CN and HPLMN has EPS only (possibly with option 3): roaming based on EPS services if VPLMN has EPS
-	VPLMN has EPS only (possibly with option 3), and HPLMN has NextGen: roaming based on EPS services if HPLMN has EPS


3	Summary and Proposal
As the outcome of this email discussion, the following is proposed.
It is proposed to address the open question identified above.
It is proposed to capture the distilled understanding described above.
Annex A		Architecture options
Depicted in Figure A-1 are the architecture options under consideration (copied from SP-160464 / RP-1601266):
· NG Core based standalone options: 2 and 5
· NG Core based non-standalone options: 4 and 7
· EPC based (non-standalone) option: 3







Figure A-1: Architecture options under consideration



10

image1.emf
Option 2: Standalone NR, NGCN connected

NextGen
Core

Option 5: Standalone LTE Rel-15, NGCN connected

NextGen
Core

|
|
|
|
u










 

 

Option 2: Standalone NR, NGCN connected 

 

UE 

NextGen 

Core 

NR 

 

Option 5: Standalone LTE Rel-15, NGCN connected 

 

eLTE 

UE 

NextGen 

Core 


oleObject1.bin


NextGen Core







eLTE







UE







Option 5: Standalone LTE Rel-15, NGCN connected



















NextGen Core







UE







NR







Option 2: Standalone NR, NGCN connected
























image2.emf
Option 4: Non-Standalone/”NR assisted”, NGCN ption 7: Non-Standalone/’LTE” Assisted, N
connected connected

NextGen
Core

NextGen
Core

EPC










 

 

Option 4: Non-Standalone/”NR assisted”, NGCN 

connected 

 

NextGen 

Core 

 

Option 7: Non-Standalone/”LTE” Assisted, NGCN 

connected 

 

EPC 

UE 

NR  eLTE 

NextGen 

Core 

EPC 

UE 

NR  eLTE 


oleObject2.bin


EPC







NextGen Core







eLTE







NR







UE







EPC







eLTE







NR







NextGen Core







Option 7: Non-Standalone/”LTE” Assisted, NGCN connected



















UE







Option 4: Non-Standalone/”NR assisted”, NGCN connected
























image3.emf
Option 3: Non-Standalone/"LTE assisted”, EPC

connected

NextGen
Core

UE










 

 

Option 3: Non-Standalone/”LTE assisted”, EPC 

connected 

 

NextGen 

Core 

EPC 

UE 

NR  eLTE 


oleObject3.bin


EPC







eLTE







NR







NextGen Core







UE







Option 3: Non-Standalone/”LTE assisted”, EPC connected
























