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1	Introduction
[bookmark: _Toc453184358][bookmark: historyclause]This document provides MediaTek understanding on migration scenarios for NextGen/NR that should be enabled by the 3GPP specifications. Note that greenfield NGS deployments are not addressed in this document but are relevant from a roaming point of view. 
It is based on the structure documented in S2-164017 [1] and discusses the following points: key migration paths, key roaming scenarios and UE’s forward compatibility. Key migration principles are not discussed here, see [1].

2	Key migration paths
2.1	General
In migrating from EPS to NGS, two alternative migration paths can be identified for a PLMN:
a)	Direct: EPS to NGS
b)	Gradual: EPS to EPS+NGS to NGS
Another dimension to migration is to look at radio and core migrations.
These aspects are discussed in the following sub-clauses.
2.2	Direct EPS to NGS migration
This migration path is one where the deployed RAN infrastructure is first upgraded to provide connectivity to NGCore and, when sufficient coverage is provided, the switch is then made effective “overnight”.
Comparable scenarios have taken place before[footnoteRef:1], such as the switch from NMT to GSM in Nordic countries in early 2000s or the switch from e.g. D-AMPS to GSM in North America in early 2000s. Some common denominators for these scenarios are: [1:  Even if in these examples a totally new system is deployed, not relying on upgrading old equipments] 

-	The decision to switch to a new system by a given deadline – then a plan is laid out walking backwards from this date;
-	The absence of interworking between the old and the new systems; and 
-	The significant (disruptive) generation gap between the old and new systems serving as the primary driver of the migration.
Such migration removes the need for interworking and service continuity between the old and new. The same is expected for a direct EPS to NGS migration.
Observation 1: Direct EPS to NGS migration is characterized by the absence of interworking and service continuity between EPS and NGS at least within this PLMN.
Legacy UEs will not operate in NGS unless E-UTRA and EPS NAS protocols are supported in NGS – this is not a valid solution however (though EPS NAS support in NGS was proposed in SA2#116), this would obviously contradict the migration itself. 
For roaming, the situation is drastically different compared to the two above examples. GSM introduced and enabled global roaming. LTE (EPS) is in global use, roaming is global and is a given. Two roaming partners may have different migration plans to NGS. Thus, roaming users with legacy UEs would simply not be able to get service from an operator that has operated a direct migration to NGS. As explained above, we do not see the support of EPS NAS protocols in NGS would be a valid solution.
Observation 2: Direct EPS to NGS migration can prevent EPS roaming between two roaming partners with different migration plans. 
Observation 3: EPS NAS support in NGS is not a valid option.
Though this migration scenario is not impossible, our view is that it should not be the driving force to design NGS, in view of the other migration path. Note we do not expect any extra complexity to enable this migration path however.
Proposal 1: Direct migration from EPS to NGS should be enabled by 3GPP specifications in Rel-15.
2.3	Gradual EPS to EPS+NGS to NGS migration
This migration path is one where NGS is contemporary to EPS during the migration. Gradual migration has been typical for MNOs deploying 3GPP technologies so far, largely due to the huge success hence dependability each generation has created, resulting in many instances with all three systems (GSM/UMTS/EPS) coexisting at the same time. Interworking and service continuity (possibly selective) are enabled by design between all three systems and have been a catalyst to the adoption of the new generation besides its capabilities.
It should be understood that interworking and service continuity between EPS and NGS may not always be necessary or possible, but should be enabled by the specifications. For instance, a given vertical industry could be served solely by NGS in one particular area without a need for interworking or service continuity with EPS. 
Proposal 2: Gradual migration from EPS to EPS+NGS to NGS should be enabled by 3GPP specifications in Rel-15.
Proposal 3: Interworking and service continuity between EPS and NGS shall be specified, but may not always be required or enabled, depending on deployment scenarios and use cases. 
In this scenario, the handling of legacy UEs and of roaming EPS users is a non-issue.
2.4	Radio and Core migrations
A number of deployment options have been identified at TSG#72 and consolidated during SA2#116. An important point these scenarios identify is that of independent radio and core migrations, primarily with:
-	NR in EPS 									(option 3)								
-	E-UTRA in NGS (aka Evolved E-UTRA)	(particularly options 5, but also option 7)[footnoteRef:2] [2:  	Option 3 (EPS3): Non standalone NR in EPS / Option 5 (NGS5): Standalone Evolved E-UTRA/ Option 7 (NGS7): Non standalone NR in NG
Option 2 (NGS2): Standalone NR in NGS / Option 4 (NGS4): Non standalone Evolved E-UTRA] 

Observation 4: The deployment of NGCore may not necessarily be accompanied by the (simultaneous) deployment of NR and vice-versa.
From a system architecture point of view and from SA2 in particular, what matters is not how the radio technology migration takes place (i.e. in which timeframe, with which flavour(s)) but rather how the core network migration may unfold. E.g. between options 2 and 5 or between options 4 and 7 the issue is definitely one of radio aspects, spectrum in particular, rather than of system architecture as such. However the potential impacts of a particular radio technology migration on core network migration should be understood from an overall system migration point of view.
Proposal 4: SA2 should focus on core network migration, rather than on the different radio technology options possible with a particular core network deployment. 
Radio capabilities or rather, data rates, should be a primary motivation for consumers to adopt the new generation – it is unlikely indeed that NG Core/NAS would matter. With respect to option 3, questions have been raised whether it would impair the future adoption of NGCore. While we view option 3 as a compelling deployment option for some operators especially in early stage of NR, we also recognize full NR capabilities in EPS may not necessarily be desirable. To address this, NR capabilities in EPS could be truncated in specifications e.g. at radio level or, preferably, at subscription level (e.g. max AMBR). A similar question arises with the evolution of LTE a) in EPS and b) in NGS i.e. whether the same capabilities should be made available with LTE evolution regardless of the core network. This is particularly interesting in view of option 5. Note that radio migration between EPS and NGS is a non-issue for the direct EPS to NGS migration path.
Proposal 5: The capabilities of NR in EPS and of E-UTRA evolution in EPS and in NGS should be discussed together with RAN groups; in particular whether or not truncation of capabilities should be introduced in EPS both for NR and for E-UTRA evolution. 

3	Key roaming scenarios
The following tables illustrate roaming scenarios taking into account the different deployment options hereby referred to as EPS3, NGS2, NGS4, NGS5, and NGS7. Maximum roaming capabilities are shown in the tables i.e. where a non-standalone dual connectivity option is shown (EPS3, NGS4 or NGS7), the corresponding standalone option is also possible (EPS, NGS2 or NGS5, respectively).
Table 3.1: EPS / EPS 3 roaming
	HPLMN \ VPLMN
	EPS
	EPS3 (note 1)

	EPS
	EPS
	EPS

	EPS3
	EPS
	EPS3

	NOTE 1:	A deployment of EPS Option 3 is expected to support EPS



Table 3.2: EPS / NGS and NGS / NGS roaming
	HPLMN \ VPLMN
	EPS(3)
	NGS2
	NGS4 (note 1)
	NGS5
	NGS7 (note 2)

	EPS(3)
	See table 3.1
	N/A
	N/A
	See note 3
	See note 3

	NGS2
	N/A
	NGS2
	NGS2
	See note 4
	See note 4

	NGS4
	N/A
	NGS2
	NGS4
	See note 4
	See note 4

	NGS5
	See note 3
	See note 4
	See note 4
	NGS5
	NGS5

	NGS7
	See note 3
	See note 4
	See note 4
	NGS5
	NGS7

	NOTE 1:	A deployment of NGS Option 4 is expected to support NGS Option 2
NOTE 2: 	A deployment of NGS Option 7 is expected to support NGS Option 5
NOTE 3:	An underlying assumption in the table is that roaming between EPS and NGS is not possible. However should this scenario be enabled (primary difference is EPC vs. NGC) in case a UE support the corresponding deployment options?
NOTE 4: 	Mismatching radio capabilities. Only possible if UE supports the target scenario (or SA equivalent if the target scenario is NSA)



When the home PLMN (respectively visited PLMN) support either EPS or NGS and the visited PLMN (respectively home PLMN) support both EPS and NGS, roaming takes place following the home PLMN (respectively visited PLMN) support of either EPS or NGS, as described in the tables above.
When both home and visited networks support EPS and NGS, whether to prefer EPS or NGS and based on which criteria should be discussed (note that radio criteria though out of scope of SA2 discussion, are expected to prevail as usual). Capabilities described in the above tables apply.
Proposal 6: Roaming between EPS and NGS is assumed not to be possible. However, roaming between EPS(3) and NGS5(7), provided the UE supports these deployment options, is FFS.
Proposal 7: When both home and visited networks support EPS and NGS, whether to prefer EPS or NGS and based on which criteria should be discussed. 
4	UE forward compatibility
Forward compatibility has been discussed in RAN(1). This notion is simple: Phase 1 NR should be defined such that Phase 2 NR does not require a redesign of the physical layer. From a UE implementation perspective it translates into avoiding or minimizing hardware changes in Phase 2 vs. Phase 1.
We note however that “UE forward compatibility” is now being used with a drastically different implication, namely one of requesting a UE implementing NR to support NG Core as well. This is not forward compatibility as such. It is imposing additional requirements on an EPS UE supporting Option 3 to support NGS as well. Such requirement is not acceptable at this stage, especially taking into account that radio and core network migrations can be independent as described in §2.4 and that Option 3 is intended for early NR deployments.
Proposal 8: A UE supporting deployment Option 3 may support NGS as an implementation option.




4

5	Conclusions
Observation 1: Direct EPS to NGS migration is characterized by the absence of interworking and service continuity between EPS and NGS.
Observation 2: Direct EPS to NGS migration can prevent EPS roaming between two roaming partners with different migration plans. 
Observation 3: EPS NAS support in NGS is not a valid option.
Observation 4: The deployment of NGCore may not necessarily be accompanied by the (simultaneous) deployment of NR and vice-versa.

Migration:
Proposal 1: Direct migration from EPS to NGS should be enabled by 3GPP specifications in Rel-15.
Proposal 2: Gradual migration from EPS to EPS+NGS to NGS should be enabled by 3GPP specifications in Rel-15.
Proposal 3: Interworking and service continuity between EPS and NGS shall be specified, but may not always be required or enabled, depending on deployment scenarios and use cases.
Proposal 4: SA2 should focus on core network migration, rather than on the different radio technology options possible with a particular core network deployment. 
Proposal 5: The capabilities of NR in EPS and of E-UTRA evolution in EPS and in NGS should be discussed together with RAN groups; in particular whether or not truncation of capabilities should be introduced in EPS both for NR and for E-UTRA evolution.

Roaming: 
Proposal 6: Roaming between EPS and NGS is assumed not to be possible. However, roaming between EPS(3) and NGS5(7), provided the UE supports these deployment options, is FFS.
Proposal 7: When both home and visited networks support EPS and NGS, whether to prefer EPS or NGS and based on which criteria should be discussed. 

UE Forward compatibility:
Proposal 8: A UE supporting deployment Option 3 may support NGS as an implementation option.
