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1	Introduction
This email discussion is aimed at making progress on Key Issue 18 on Interworking, Migration and Roaming ahead of the SA2#116BIS meeting. Specifically, this focuses on the aspects highlighted below.
	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. 



Cut-off Date for Comment Insertion: August 18th, 2016 (Thursday) EOB PST. 
Target Date for “Conclusion”:  August 22nd, 2016 (Monday) 12 PST
The specific questions to be addressed in topic 5b are the following:
Q1: What type of interworking do we need to support? Tight interworking with session continuity (and IP address preservation) or loose interworking?
Q2: What are the requirements for anchoring of sessions in order to provide continuity in interworking between EPC and 5G CN (mobility and roaming)? 
Q3: Upon UE mobility between a RAN that is not connected to NG CN and an NG RAN, is UE c-plane context moved between CNs? Is the anchor point moved?
Q4: Do we expect the need for a CN interface between EPC and 5G CN for the interworking?
Q5: Does the need for interworking justify the design of a solution that requires dual-radio?
Q6: What are the UE requirements in terms of NAS support for interworking and mobility?
Q7: Are there expected impacts on AS level for the interworking?
Q8: What are the expected requirements on an eNB (non-evolved E-UTRAN) for the interworking in scenarios where the E-UTRAN base has not been fully upgraded?
Q9: Is there a requirement for an Evolved E-UTRAN eNB to operate with an EPC and a 5G CN simultaneously? What are the expected requirements on an Evolved E-UTRAN eNB for operating with an EPC and a 5G CN simultaneously?

2.	Discussions 
Qn-1: What type of interworking do we need to support? Tight interworking with session continuity (and IP address preservation) or loose interworking?
Companies are invited to provide their opinions in the table below.
	Company name
	Comments

	Intel
	Associating IP address preservation with “tight” interworking is a bit misleading.
In our view there are the following levels of interworking between NG Core and EPC:
Level 1: EPC and NG Core have interface to a “common HSS” only (S6a-like interfaces). No IP address preservation.
Level 2: EPC and NG Core have interfaces to a “common HSS” (S6-like) and a “common PGW / IP anchor” (S5-like). IP address preservation is supported.
Level 3: In addition to Level 2 interworking, EPC and NG Core have an “inter-MME” (S10-like) interface in common.
In our view we should support Level 1 and Level 2 interworking. Level 3 should be avoided due to the legacy baggage it implies on the NG Core. 


	LGE
	At least, for the voice service, we need the tight interworking with session continuity for the shorter delay.

	Nokia
	We need an interworking that enables
· A short service interruption
· IP address preservation (at least for PDU sessions carrying IMS voice)
· Data forwarding (towards the target RAN) for PDU that the source RAN has been unable to deliver to the UE (taking into account that in some deployments NGS – EPS mobility may be frequent)
Thus tight interworking is needed

	Qualcomm
	A tight interworking solution is required to support services that require minimal disruption at mobility between a RAN connected to EPC and an NG RAN. 

	ZTE
	The first priority is to complete the Rel 15 as scheduled. Loose interworking can be supported in Rel 15 while tight interworking can be supported in later releases.

	CATT
	For services requires continuity, IP address preserving is preferred by our side, and it should be supported for mobility between NG CORE and EPC. I.e. one common IP anchor is needed.
For services requires no continuity, prefer simple handling/less UE impacts for mobility between NG CORE and EPC. E.g. detach and then re-attach, in this case, UE MM and Security context transfer between NG Core and EPC maybe needed.

	NEC
	The type of interworking should be service dependent: There are services that require a tight interworking but there are also services that do not require any IP address preservations. Voice/Video services would suffer from a bad user experience in case of loose interworking.

	NTT DOCOMO
	Our requirement is to also allow users of VoLTE to camp on NGS (NR and eLTE). The interworking solution should provide for IP address continuity and non-user perceptible handling of VoLTE sessions on inter-system change (NGS and EPS).

	Samsung
	Tight interworking with session continuity is needed for a shorter service interruption during handovers. Since the NextGen system can be deployed in a limited area during the initial stage of 5G deployment, frequent inter-RAT handovers can be occurred and a countermeasure needs to be defined to support the service continuity.



Email convenor’s summary:
· There is a preference for tight interworking to be enabled
· In addition, the type of « continuity » supported depends on the service : IP address continuity shall be possible, may not be provided for some services
Q2: What are the requirements for anchoring of sessions in order to provide continuity in interworking between EPC and 5G CN (mobility and roaming)?
Companies are invited to provide their opinions in the table below.
	Company name
	Comments

	Intel
	If IP address preservation is required, then a common “PGW / IP anchor” is needed as described in the previous reply under “Level 2”.

	LGE
	QoS mapping between EPC and 5G CN, UE context exchange between EPC and 5G CN 

	Nokia
	The anchoring needs to support a common IP address for a PDU session that moves back and forth between EPS and NGS

	Qualcomm
	Anchoring to enable address preservation at inter-system mobility, including inter-system QoS mapping and context mobility between EPC and NGCN

	ZTE
	IP anchor is needed. No UE context mapping between EPC and NGCN in Rel 15.

	CATT
	1. Should we consider session continuity between EPC and 2G/3G when we discussing Q2? 
2. Where to put the anchoring point? In EPC or 5G CN?
3. How to handle mapping between 5G session and EPC session, e.g. QoS parameters mapping and etc?

	NEC
	At least session information including QoS related information as well as UE context information.

	NTT Docomo
	For IMS PDN Connections, IP address preservation is required on inter-system change, hence IP anchor point should not change. For other sessions, we are open to anchor change on inter-system mobility.

	Samsung
	A common IP anchor point is needed with IP address preservation.  Between the EPC and the NGCN, necessary functions and interfaces should be defined to support the transmission of signalling messages and context information for inter-RAT mobility.



Email convenor’s summary:
· Common IP anchor for EPC-NGCN mobility shall be supported, used on a service-basis (or PDU session basis)
· Location of anchor (source or always in NG core network) seems solution dependent
· Mapping of QoS between NGCN and EPC is essential

Q3: Upon UE mobility between a RAN that is not connected to NG CN and an NG RAN, is UE c-plane context moved between CNs? Is the anchor point moved?
Companies are invited to provide their opinions in the table below.
	Company name
	Comments

	Intel
	We expect the RAN groups to explore “dual radio / dual attach” solutions that allow for re-establishment of context in the target system using the “Handover Attach” procedure (defined in Rel-8 for interworking with non-3GPP access).
In such a solution there is no need for UE C-plane context transfer between EPC and NG Core.
Only a “common PGW / IP anchor” is needed (as described in the previous replies under “Level 2”). This anchor is retrieved via the “common HSS” upon the “Handover Attach” procedure.
Note that “dual radio / dual attach” solutions (if feasible in RAN) will also solve the service continuity with 2G/3G CS domain (using the existing DRVCC procedure).

	LGE
	UE c-plane context should be moved. The anchor point should not be moved for IP address preservation.

	Nokia
	The anchor point should NOT be moved (in case IP @ preservation is needed).
At mobility between NGC and EPC it is needed to :
· Provide the new system with the identity of the PDU session anchor (at least in cases where the IP @ of the PDU session is to be preserved).
·  This (theoretically) may be provided by the HSS or by a direct CP interface in the Core
· Provide the old/source RAN with the address where to forward to the new/target RAN the undelivered DL data for the UE. 
· This (theoretically) may be provided by a direct CP interface between the source and target RAN (in which case only direct data forwarding is possible) or by a direct inter-core CP interface and RAN-Core CP interfaces 
· Move security material between the source and target CP (between MME and its peer in NGC) accelerates also the mobility procedure as authentication may require multiple signalling exchanges between the UE and the network. 
· This can only be provided by a direct CP interface between the MME and its peer in NGC) 

As a summary a direct CP interface in the Core allows the transfer of all kinds of information that are required between source and target system in order to support an efficient mobility between EPS and NGS.

	Qualcomm
	UE c-plane context moved between EPC and NGCN from source to target system. UP anchor is not moved in order to provide IP address preservation for services that require it. Possibly, depending on the session continuity requirements of different sessions, IP anchor is maintained only for some sessions.

	ZTE
	Anchor point is not moved. UE context mapping between EPC and NGCore should be supported in later release.

	CATT
	In such case, we think the C-plane context is moved between 5G CN and EPC.
We would prefer IP anchor point is fixed for such case. If IP anchor point need be move from 5G to EPC CN(and vice versa),  UE re-attach maybe used.
For mobility anchor other than IP anchor, it should be moved if necessary.

	NEC
	If the NG RAN is not connected to the EPC then the anchor point shall be moved.

	NTT DOCOMO
	For c-plane context: Depends on type of interface required to meet #1. For u-plane, please see answer to question 2.

	Samsung
	An IP Anchor point should be kept in spite of the UE’s mobility. The C-Plane context for the UE is transferred between the EPC and the NGCN. If dual radio/dual attach capability is supported, the UE C-Plane context may be shared between the EPC and the NGCN for further reduction of service interruption time.



Email convenor’s summary:
· Preference is to move the c-plane in mobility between EPC and NGCN (with UE context “moved” and “mapped”)
· Preference is not to move the u-plane anchor when IP address continuity needs to be supported

Q4: Do we expect the need for a CN interface between EPC and 5G CN for the interworking?
Companies are invited to provide their opinions in the table below.
	Company name
	Comments

	Intel
	As described in the previous replies under “Level 2”, there is a need for “common HSS” and “common PGW / IP anchor”. The interfaces to these nodes from EPC side (i.e. S6a and S5) can be different from the interfaces on the NG side (“S6-like” and “S5-like”), and the same applies to the protocols.
We don’t see the need for any additional interfaces. 

	LGE
	Yes in case that a UE access to RAN that is not connected to NG CN and NG RAN.

	Nokia
	Yes per the answer to Q3

	Qualcomm
	Yes, see answer to Q3

	ZTE
	No, there is no need UE context transfer between MME and NG CN.

	CATT
	Such CN interfaces are needed.

	NEC
	Yes, signalling interworking is needed for seamless mobility, resource reservation etc.

	NTT DOCOMO
	Whatever is needed to make VoLTE work in combined EPS and NGS deployment where not all E-UTRAN eNBs are evolved to Evolved E-UTRAN eNBs.

	Samsung
	Yes, refer to the answer to Q3



Email convenor’s summary:
· Preference is to have an inter-CN interface (in relation to Q3 it is for context relocation and when u-plane anchor is not moved)


Q5: Does the need for interworking justify the design of a solution that requires dual-radio?
Companies are invited to provide their opinions in the table below.
	Company name
	Comments

	Intel
	Yes, very much. “Dual radio / dual attach” solutions (if feasible in RAN) minimise the legacy baggage in the NG Core, re-use existing principles (as defined in Rel-8 for interworking with non-3GPP access) and, as a bonus, allow for service continuity with 2G/3G CS domain (using existing DRVCC procedures).

	LGE
	We don’t prefer the design that requires simultaneous dual-radio support for the interworking due to the complexity of terminal.

	Nokia
	Can we assume that all 5G UE will have DR capability?: The basis for the interworking mechanism should rely on non-dual radio UEs.

	Qualcomm
	A solution must be defined that does not rely on dual-radio requirements. If dual-radio is supported, solutions can be explored, but interworking shall not require support of dual-radio in the UE.

	ZTE
	Same view as Qualcomm.

	CATT
	The impacts brought by “Dual radio (e.g. two 3GPP access works simultaneously)” should be studied first before we answer this question. 

	NEC
	Yes, dual radio is preferred

	NTT DOCOMO
	Given that NR may also be deployed at lower frequencies and hence dual-radio can only be solutions for a few specific deployments, we are concerned about using dual-radio design. Need to liason also with RAN groups on whether dual-radio will always be possible between NR and LTE.

	Samsung
	Depending on operators’ deployment and service requirements, a solution for single-radio and dual-radio can be chosen for use. A dual-radio solution may be designed for further reduction of service interruption time and enhancement of user experience. Solutions for dual-radio and single-radio can be defined in a common interworking architecture. 



Email convenor’s summary:
· Concerns expressed about a dual-radio solution
· Impacts of a dual-radio solution are not clear and may need to be studied if there is interest (at present marginal) in such solution

Q6: What are the UE requirements in terms of NAS support for interworking and mobility?
Companies are invited to provide their opinions in the table below.
	Company name
	Comments

	Intel
	With “dual radio / dual attach” solutions the EPC-NAS and NG-NAS protocols are completely dissociated.
The only NG-NAS requirement for support of Level 2 interworking is support of “Handover Attach” (already supported in EPC-NAS).

	LGE
	A UE should support both legacy NAS and new NAS. We prefer the design which the new NAS includes the legacy NAS (i.e. the legacy NAS can be extended to the new NAS)

	Nokia
	A UE shall support both legacy (EPC) NAS and new (NGC) NAS

	Qualcomm
	UE supports NG NAS and EPC NAS, and uses one or the other NAS depending on the CN that is serving the UE. 

	ZTE
	Both NG-NAS and EPC NAS should be supported on NextGen UE.

	CATT
	Both EPC NAS and 5G NAS are required, assuming NEXGEN UE would access via either LTE or NR.

	NEC
	Both NAS and NG NAS are expected to be supported by the UE in order to support all scenarios.

	NTT DOCOMO
	Do not understand the question.

	Samsung
	An NG UE should support the legacy NAS for EPC as well as the NG NAS for NGCN.



Email convenor’s summary:
· there seems to be agreement that UE must support both NG NAS and EPC NAS 

Q7: Are there expected impacts on AS level for the interworking?
Companies are invited to provide their opinions in the table below.
	Company name
	Comments

	Intel
	Certainly. We suggest to liaise the RAN WGs requesting them to explore the feasibility of “dual radio / dual attach” solutions. This also includes evaluation of impact (if any) on the AS on the legacy access side.

	LGE
	Refer to the answer of Q9

	Nokia
	Yes, per the answer to Q8. 

	Qualcomm
	See answers to Q8 and Q9. The serving eNB needs to be able to direct the NG UE to the correct CN node based on UE indication of UE ability to connect to 5G CN.

	ZTE
	Refer to answer to Q8

	CATT
	Agree with Intel on Liaising RAN WGs. In addition, we should also ask them on impacts brought by UE supporting EPC NAS and 5G NAS.

	NEC
	RAN WGs should be involved in this discussion

	NTT DOCOMO
	Depends on the interworking solution selected.

	Samsung
	Refer to answer to Q8



Email convenor’s summary:
· there is indication impacts on AS are expected
· There is agreement RAN needs to be involved in analizing them

Q8: What are the expected requirements on an eNB (non-evolved E-UTRAN) for the interworking in scenarios where the E-UTRAN base has not been fully upgraded?
Companies are invited to provide their opinions in the table below.
	Company name
	Comments

	Intel
	See answer to Q7.

	LGE
	UE context mapping between non-evolved eNB and evolved E-UTRAN eNB

	Nokia
	Support UE measurements related with the new Radio and the corresponding thresholds and policies related with UE mobility.

	Qualcomm
	Besides radio aspects (e.g. measurements, etc.), the E-UTRAN eNB needs to route the NG UE to a CN node that can interface with the NG CN. E-UTRAN eNB shall not be required to perform any context/information conversion with the NG CN. 

	ZTE
	If both the evolved eNB and non evolved eNB connect to same EPC, similar as inter non-evolved eNodeB mobility. If non evolved eNB connects to EPC while the evolved eNB connects to NextGen CN only, then loose interworking is used.

	CATT
	If there is X2-like interface between an eNB (this is an non-evolved E-UTRAN) and upgraded eNodB, such interworking should be done at RAN level.
 If no such X2-like interface, we wondering that this is rather an inter RAT(LTE and eLTE) handover scenario, maybe we’d better discuss this within the scope of KI#3 MM_WT#4 ?

	NEC
	This should be discussed in the RAN WGs

	NTT DOCOMO
	Depends on the interworking solution selected.

	Samsung
	Just radio-related enhancements to support NR-related information such as measurement, handover threshold, neighbour cell information, etc.

	
	



Email convenor’s summary:
· some impact seems expected, depending on the scenario (based also on answers to Q9)
· e.g. indication that eNB supports NG CN
· Exact impact needs further investigation

Q9: Is there a requirement for an Evolved E-UTRAN eNB to operate with an EPC and a 5G CN simultaneously? What are the expected requirements on an Evolved E-UTRAN eNB for operating with an EPC and a 5G CN simultaneously?Companies are invited to provide their opinions in the table below.
	Company name
	Comments

	Intel
	We assume this question refers to the NGMN Option 3 type of interworking where the eNB is upgraded to simultaneously support both S1 and NG2/NG3 stack.
This type of interworking (call it “Level 4”) is needed to support legacy UEs and NG UEs in the same cell. RAN2 should also study whether this configuration implies support of dual stack in the eNB on the Uu side.

	LGE
	It can be existed on the migration path. An Evolved E-UTFAN eNB should determine to which CN the signal/packet from a UE should be sent, when receiving the signal/packet from a UE.

	Nokia
	Yes but for different UE (legacy UEs and NG UEs in the same cell). Information is broadcast over LTE radio to tell whether the local cell supports new (NGC) NAS (eLTE). 

	Qualcomm
	Yes. An Evolved E-UTRAN eNB operates with the EPC for legacy UEs or UE using Option3. The eNB operates with NG CN  for NG UEs. The Evolved E-UTRAN eNB selects the CN based on the information received from the UE. An NG UE will indicate the ability to connect to an NG CN. 

	ZTE
	Yes. The evolved eNodeB should broadcast the support of NG cN. The evolved eNodeB should select and route the NAS message to correct CN based on information provided by the UE.

	CATT
	Our view is that 1) same LTE cell should support both LTE and eLTE UE, and 2) same Evolved –EUTRAN could connect to EPC and NG Core at the same time.  However, we also need RAN WG’s input on this, to make decisions (together with RAN WGs on 2).

	NEC
	At the moment we do not see a strong requirement for this scenario.

	NTT DOCOMO
	There will not be separate eNBs that are only connected to 5G CN.  All Evolved E-UTAN eNBs will be dual connected both to EPC and 5G CN. Not all eNBs will be Evolved eNBs.  Evolved eNBs should be able to direct UEs either to EPC or 5G CN, based on RRC information provided by the UE and local configuration. Evolved eNBs should support NAS message redirection (eDecor).

	Samsung
	An evolved E-UTRAN eNB operates with the EPC for the support of legacy UEs and with the NGCN for the support of NG UEs, respectively. 



Email convenor’s summary:
· [bookmark: _GoBack]majority indicates that and Evolved E-UTRAN eNB to operate with an EPC (for legacy UEs) and a 5G CN (for NG UEs) simultaneously, depending on deployment choices but based on the ability to support this
3	Summary and Proposal
It is proposed to:
· define a solution based on tight interworking
· ensure solution supports service continuity for services that require IP address preservation
· solution for tight interworking to support an interface between EPC and NG CN :
· for c-plane relocation
· for u-plane anchoring in source system
· 
· adopt assumption that an NG UE supports both NG NAS and EPC NAS
· NG NAS when UE served by NGC
· EPC NAS when UE served by EPC
· Identify requirements to support this (and allow the UE to distinguish the two scenarios especially when connected to E-UTRAN since when connected to NG RAN it is obvious UE is served by NGC)
· Share assumptions with RAN to identify further impacts
· Further study whether there is support for the need for a dual-radio solution, including defining :
· What scenarios it applies to
· better define what dual-radio solution actually means (dual-radio meant as UE connected simultaneously to EPC and NG CN over different radios ?)
· 
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