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1
Introduction

TSG SA/RAN #72 have discussed architectural options along RP-161266 [1]. Those "architectural options" are actually depicting RAN connectivity options from a UE perspective and highlight RAN-CN connectivity consequences from an overall system architecture point of view.

An important part of the discussions on the Study for New Radio and respective Radio Access Network is about how to migrate towards the Next Generation System from a RAN perspective and consequences in terms of supported protocol functions.

This paper introduces a couple of possible roll-out scenarios which we consider to be representative for the majority of real-life roll-outs and which are general enough to deduce system requirements. Each scenario is described highlighting its characteristics.

Finally, it proposes to capture the findings in TR 38.801 [2] section 14 on Migration.

Note: A NextGen System is supposed to comprise a NextGen Core and a NextGen Radio Access Network, the latter one is called “New RAN” in the following chapters.
2
Discussion

2.1
Roll out scenario 1: Deploying NR access within EPS
Rollout of NR access within EPS follows option 3 (as per RP-161266 [1]) which is an EPC connected variant where NR access is utilised in an LTE anchored DC-like fashion.

The motivation for deploying such option might be the limited impact to the overall system. Indeed, option 3 is kept transparent for core network, which still “sees” only an E-UTRAN. NR access is deployed for boosting capacity, but services are still provided by EPS means (e.g. the QoS and bearer concept follow EPS principles).
For this scenario, there is in principle no impact to the CN foreseen. 
Impact to RAN is schematically depicted in Figure 2.1-1 where part of the E-UTRAN is deployed with functions to interwork with New Radio (NR) following option 3.

It is also expected, that Dual Connectivity with an SCG bearer configured with NR resources (see option 3a in [1]), which would require a connection from the RAN node supporting NR to the legacy EPC would utilise legacy S1-U.

UEs with respective capability will be able to benefit from NR access in areas where option 3 is deployed. Idle and active mobility between different deployment areas is ensured by the existence of the common anchor, i.e. the EPC.
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Figure 2.1-1: Scenario 1 - Roll out of option 3

2.2
Roll out scenario 2: Deployment of the NextGen System in an isolated area
In this scenario the motivating factor of deploying a New RAN is deployment of NextGen service features (e.g. a flow based QoS concept). NR is rolled out in a limited area and operated by a New RAN, which is connected to the NextGen Core. The area where NR coverage is provided does also have legacy E-UTRA coverage, actually the whole PLMN still has complete EPC connected pre-NR coverage deployed.
Impact to RAN is schematically depicted in Figure 2.2-1 where part of the E-UTRAN is evolved to interwork with NR radio, forming a New RAN.

As far as E-UTRA coverage is concerned, in regions where a New RAN is deployed, the same E-UTRA radio resources will provide access to both, legacy E-UTRA UEs which are registered in the EPC and to UEs registered in the NextGen Core via evolved E-UTRA access. Probably the same physical or even logical RAN node will be part of an E-UTRAN and a New RAN at the same time. Implications of this circumstance, if any, would need to be further studied.
One can think of any NextGen Core connected options (as per RP-161266 [1]) being deployed, either option 2 (NR standalone) or NR anchored tight interworking with evolved E-UTRA (option 4), or evolved E-UTRA anchored tight interworking with NR (option 7) or option 5 (evolved E-UTRA stand alone).

As New RAN is not deployed within the whole PLMN, interworking requirements would need to be looked at the deployment border of New RAN. When leaving New RAN coverage, a UE would need to be served by the legacy EPS; when entering New RAN coverage, a UE should be able to receive service from the NextGen System.

The decision for deploying interworking functions may depend on the time window for which such functions would be needed. If roll-out of New RAN happens rather quickly, one could think of reduced support of active mobility in such a transitory phase. At least a common user plane anchor would be necessary as well as supporting the transfer of UE Context data between CN nodes need to be defined.

If active mode mobility is required, e.g. for services like voice, then interoperability would imply that the EPC would need to be impacted to support mobility towards the Next Gen CN, following the “source adapts to target” paradigm.
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Figure 2.2-1: Scenario 2 - Roll out of NextGen System in an isolated area

2.3a
Roll out scenario 3a: PLMN wide deployment of the NextGen System with evolved E-UTRA access only (option 5)
The New RAN would in this case consist of evolved E-UTRA access only.

Motivation for this roll-out scenario is to prepare the installed E-UTRAN basis for upgrading towards New RAN. If such a roll-out is possible with relatively reduced effort, e.g. a pure software upgrade to basically support the new RAN-CN interface and related radio features (e.g. interworking between any new NAS and AS function), it might be possible to further reduce necessary interworking functionality as discussed for scenario 2.
New RAN and E-UTRAN would serve the same coverage; in fact the same physical equipment serves both, EPC and NG CN connectivity.
If support of voice was deployed using SRVCC or CSFB, and the intention is to continue using these features for voice support, there is still inter-system interworking required. A solution might be to support inter-CN mobility towards EPC and from there to continue with the respective voice function.

Such a deployment would support separate handling of legacy and NextGen UEs on CN level.
It has to be noted that such an approach is motivated by the assumption that there exist network deployments with PLMN wide LTE coverage, which cannot be assumed for all PLMNs worldwide.
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Figure 2.3a-1: Scenario 3a – Upgrade installed E-UTRAN to New RAN – support of standalone evolved E-UTRA access only
2.3b
Roll out scenario 3b: PLMN wide deployment of the NextGen System supporting evolved E-UTRA and NR access
This scenario represents a possible development of roll-out scenario 2 and/or scenario 3a: a PLMN wide roll-out of NG RAN; a PLMN wide EPC connected E-UTRAN deployment remains.
Such deployment would enable to separate handling of legacy UEs from NG UEs.

New RAN consists of nodes providing either E-UTRA access or NR access or both, implementing interworking options as per [1].
If deployment of NR and E-UTRA access is such that New RAN could provide full coverage to 5G UEs, no interaction between the legacy EPS and the NextGen System would be required. Such deployment is possible, but cannot be expected by all networks worldwide. Therefore, similar considerations as for scenario 2 may apply.
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Figure 2.3b-1: Scenario 3b – Complete roll-out of NG RAN connected to NG Core, legacy remains

2.4
Roll out scenario 4: A possible target deployment
We consider support of legacy UEs to be a long term matter. Hence one might question why a NextGen System wouldn’t allow incorporating support of legacy UEs under the same system-“umbrella”, similar as 2/3G was part of EPS.

One might consider legacy EPC functions being part of a NextGen System, as long as interworking with these functions wouldn’t compromise the definition of the NextGen System functions. The most important thing would be to be able to operate all 3GPP RATs within a single network, a single system. As long as E-UTRA access serves as a “bridge”-RAT and NextGen Core supports basic/simple mobility between the different RATs, it would be possible to support realistic system deployments, e.g. support of basic voice mobility towards and from remote areas with 2/3G access where even roll-out of LTE is not envisaged in the near future.

Still, a single core system could define an “EPC function slice” being part of a Next Gen Core. Whether legacy S1AP protocol functions would be then part of NG1AP, whether e.g. UE context mapping, mapping between PDU session and EPS bearer contexts would need standards support would be part of an NextGen Core internal function, whether roaming cases would require the definition of an open interface and respective context mapping functions, would need to be further be discussed in SA and CT groups.

On the RAN side, protocol functions on S1 and/or NG1 would need to be defined if connected mobility via the Core Network becomes necessary, involving preparation and execution of handover.
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Figure 2.4-1: Scenario 4 – A possible target deployment
As implicitly depicted in figure 2.4-1, there will be no direct interworking between 2/3G RAN and New RAN; support of inter-RAT mobility between 2/3G and NR is explicitly ruled out within the SID, see [3].

3
Conclusion
We have discussed several roll-out scenarios in section 2 and propose to include section 2 of this paper in section 14 of TR 38.801 [2].
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