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This paper identifies migration / roll-out scenarios for the NextGen System and discusses requirements on the involved network entities (Core, RAN and UE) in order to support service continuity, where required.
0
Some terminology clarifications for this paper

NextGen (NG) RAN: refers to the NextGen Radio Access Network capable of providing LTE and NR RAT. NextGen RAN consists of nodes providing either E-UTRA access or NR access or both, probably implementing interworking options as per [1]. Non-3GPP access aspects are not covered in this document. Note, that in the latest RAN3 TR 38.801 [2] NG RAN is referred to as “NR RAN”.
Legacy NAS: NAS protocol functions as currently specified in TS 24.301 in the most recent version. 

NextGen NAS: The set of NAS protocol functions necessary to communicate between a 5G UE and a NextGen Core. It is expected that e.g.  the ability to support the NextGen QoS/flow concept introduces the need for new NAS functions. It might also reuse relevant Legacy NAS functions and protocol elements.
Note, that there is no reflection on any future TS structure given in this document.

Legacy RRC: RRC protocol functions as currently specified in TS 36.331 in the most recent version.

NextGen RRC: The set of RRC protocol functions necessary to communicate between a 5G UE and a NextGen RAN. In addition to protocol elements for configuring NR and LTE radio resources, NextGen RRC will have to transport NextGen NAS PDUs and will have to be able to interact with NextGen NAS at the UE. NextGen RRC will also have to be able to interact with the RAN-CN interface Application Protocol.
Note, that there is no reflection on any future TS structure given in this document. The set of RRC protocol functions could be specified partly on top of the existing TS 36.331 or in a new TS; there might be different RRC protocol functions specified, dependent on the RAT via which they are signalled or they are specified in a common way. This is all up to RAN WG2.
1
IWM_WT_#1: 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.

We consider the following typical deployment scenarios for a possible roll-out of the NextGen system:
Scenario 1: roll out of option 3
Option 3 (as per SP-160464 [1]) is mentioned only for completeness reasons in this paper, as there is another WT that looks at migration scenarios from Option 3 onwards. Option 3 is an EPC connected variant where NR access is utilised in an LTE anchored DC-like fashion.
For this scenario, there is in principle no impact to the CN foreseen. Probably there is the wish to have CN control of the UE’s access to NR, which would require some signalling of restrictions towards the RAN, but such impact is of minor nature, in general, NextGen Core doesn’t play a role in this scenario.
It is also expected, that a 1A-like Dual Connectivity (see option 3a in [1]), which would require a connection from an NR node 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.

[image: image1.emf]Legacy E-UTRAN

deployment

NR

deployment

DC –option 3

interworking

Legacy EPC deployment

S1

eE-UTRAN

option 3 

deployment

S1-U


Figure 1.1-1: Scenario 1 - Roll out of option 3

Observation 1 For Option 3, NextGen Core does in general not play any role, a legacy EPC provides the necessary core network. Only minor additions to the EPC could be considered. EPC represents the common anchor that enables idle and active mobility between the deployment areas.
Scenario 2: Isolated roll-out of NextGen System in an isolated area.
In this scenario NR access is rolled out in a limited area and operated by a NextGen RAN, which is connected to the NextGen Core. The area where NR coverage is provided does also have legacy coverage, actually the whole PLMN still has complete EPC connected pre-NR coverage deployed.
As far as E-UTRA coverage is concerned, in regions where NextGen RAN is deployed, the same E-UTRA radio resources will provide access to both, legacy LTE UEs 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 NextGen RAN at the same time. Implications of this circumstance, if any, would need to be further discussed by RAN WGs.
One can think of several connectivity options (as per SP-160464 [1]) being deployed, but most likely, either option 2 (NR standalone) or tight interworking of NR with LTE is expected (option 4 (NR anchored) and  option 7 (LTE anchored)). Option 5 is also possible.

As NG RAN is not deployed within the whole PLMN, interworking requirements would need to be looked at the deployment border of NG RAN. When leaving NG RAN coverage, a UE would need to be served by the legacy EPS, when entering NG 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 NextGen 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 and transfer of UE Context data between CN nodes need to be defined.
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Figure 1.1-2: Scenario 2 - Roll out of NR coverage in an isolated area
Observation 2 In case of isolated roll-out of NextGen SystemCore connected NG RAN deployment options, E-UTRAN and NG RAN are not connected to the same Core Network. To support mobility between EPS and NG System, interworking between NG Core and EPC is expected. At least a common UP anchor and transfer of UE Context data between CN nodes need to be defined.
Scenario 3: PLMN wide roll-out of NG RAN connected to NextGen Core
This scenario represents a possible development of scenario 2: 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.

NextGen RAN consists of nodes providing either E-UTRA access or NR access or both, implementing interworking 2,4,5 and/or 7options as per [1].
If deployment of NR and E-UTRA access is such that NG 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 to be by all networks worldwide. Therefore, interworking between EPS and NG System would still need to be defined.
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Figure 1.1-3: Scenario 3 – Complete roll-out of NR RAN connected to NG Core, legacy remains
Observation 3 PLMN wide roll-out of NextGen System would enable serving legacy and 5G UEs in separate systems. Such roll-out is possible, but can probably not be provided by all networks. Interworking between EPS and NG System would still need to be defined.
1.2
Architecture for Deployment Scenarios 2 and 3
Common to deployment scenarios 2 and 3 is the requirement for interworking between EPS and NextGen System. This is necessary to allow mobility in case UEs moving across deployment borders. We expect such requirement to exist at least for voice services.

The architecture to support service continuity for NextGen UEs is depicted below:
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Figure 1.2-1: Architecture to support scenarios 2 and 4 for NR-capable UEs
Architectural elements necessary to support scenarios 2 and 3 for NG UEs:

-
C- and U-Plane interface between EPC and NextGen Core for mobility signalling and transfer of user data
-
inter-RAT interworking functions in E-UTRAN and NG RAN (“source adapts to target”) and in UE

-
X2-like connectivity is possible between the RAN parts at the deployment border, but not assumed to be absolutely necessary

When looking at the main protocol entities that need to be present in the nodes, further peculiarities for interworking can be deduced:
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Figure 1.2-2: Main protocol entities in Core, RAN and UE for 5G UEs.
-
The NG Core and UE will support the new NAS including e.g. the expected new Session Management/QoS concept. For mobility, and interworking a mapping would need to be performed between the EPS based concept and the NG concept.
Such a NAS would be applied, regardless whether the UE consumes radio resources from evolved LTE or NR.
-
It is also assumed that RRC will be impacted – as similar as it might be designed compared to LTE – at least to cater for the assumed new flow-based concept, so a UE capable of transiting between NG System and EPS would need to “talk” LTE RRC and NG RRC. Interworking details between LTE RRC and NG RRC are regarded to be up to discussions in RAN2
-
The new access interface from NG Core to NG RAN would need to support connected mobility via the Core, similar to what is called “S1 Handover” in EPS. 

2
Conclusion

We have discussed 3 different deployment scenarios along the connectivity options outlined in [1] and observed the following:
Observation 1
For Option 3 NextGen Core doesn’t play any role, the necessary core network functions can be provided by legacy EPC. Only minor additions could be considered. EPC represents the common anchor that enables idle and active mobility between the deployment areas.
Observation 2
In case of isolated roll-out of NextGen Core connected NG RAN deployment options, E-UTRAN and NG RAN are not connected to the same Core Network. To support mobility between EPS and NG System, interworking between NG Core and EPC is expected.
Observation 3
PLMN wide roll-out of NG Core connected NG RAN while keeping an PLMN wide legacy system enables separation of legacy and NextGen users by serving them in separate systems. If such an deployment provides PLMN wide coverage for 5G UEs, no interaction between NG CN and EPC is necessary, but we doubt that this is a realistic assumption. 


3
Proposal

Based on the observations above its proposed to capture the following solutions and assumptions for Interworking and Migration WT1:

Work task 1:

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.

6.18.x
Solution for Interworking and Migration WT#1: Migration Scenarios within an operator (non-roaming)
6.18.x.1 roll out scenarios

The following are typical deployment scenarios for a possible roll-out of the NextGen system:

Scenario 1: roll out of option 3

Option 3 (as per SP-160464 [1]) is mentioned only for completeness reasons in this paper, as there is another WT that looks at migration scenarios from Option 3 onwards. Option 3 is an EPC connected variant where NR access is utilised in an LTE anchored DC-like fashion.
For this scenario, there is in principle no impact to the CN foreseen. Probably there is the wish to have CN control of the UE’s access to NR, which would require some signalling of restrictions towards the RAN, but such impact is of minor nature, in general, NextGen Core doesn’t play a role in this scenario.
It is also expected, that a 1A-like Dual Connectivity (see option 3a in [1]), which would require a connection from an NR node 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 1.1-1: Scenario 1 - Roll out of option 3

Observation 4 For Option 3, NextGen Core does in general not play any role, a legacy EPC provides the necessary core network. Only minor additions to the EPC could be considered. EPC represents the common anchor that enables idle and active mobility between the deployment areas.

Scenario 2: Isolated roll-out of NextGen System in an isolated area.

In this scenario NR access is rolled out in a limited area and operated by a NextGen RAN, which is connected to the NextGen Core. The area where NR coverage is provided does also have legacy coverage, actually the whole PLMN still has complete EPC connected pre-NR coverage deployed.
As far as E-UTRA coverage is concerned, in regions where NextGen RAN is deployed, the same E-UTRA radio resources will provide access to both, legacy LTE UEs 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 NextGen RAN at the same time. Implications of this circumstance, if any, would need to be further discussed by RAN WGs.
One can think of several connectivity options (as per SP-160464 [1]) being deployed, but most likely, either option 2 (NR standalone) or tight interworking of NR with LTE is expected (option 4 (NR anchored) and  option 7 (LTE anchored)). Option 5 is also possible.

As NG RAN is not deployed within the whole PLMN, interworking requirements would need to be looked at the deployment border of NG RAN. When leaving NG RAN coverage, a UE would need to be served by the legacy EPS, when entering NG 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 NextGen 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 and transfer of UE Context data between CN nodes need to be defined.
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Figure 1.1-2: Scenario 2 - Roll out of NR coverage in an isolated area

Observation 5 In case of isolated roll-out of NextGen SystemCore connected NG RAN deployment options, E-UTRAN and NG RAN are not connected to the same Core Network. To support mobility between EPS and NG System, interworking between NG Core and EPC is expected. At least a common UP anchor and transfer of UE Context data between CN nodes need to be defined.
Scenario 3: PLMN wide roll-out of NG RAN connected to NextGen Core
This scenario represents a possible development of scenario 2: 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.

NextGen RAN consists of nodes providing either E-UTRA access or NR access or both, implementing interworking 2,4,5 and/or 7options as per [1].
If deployment of NR and E-UTRA access is such that NG 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 can not be expected  by all networks worldwide. Therefore, interworking between EPS and NG System would still need to be defined.
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Figure 1.1-3: Scenario 3 – Complete roll-out of NR RAN connected to NG Core, legacy remains

Observation 6 PLMN wide roll-out of NextGen System would enable serving legacy and 5G UEs in separate systems. Such roll-out is possible, but can probably not be provided by all networks. Interworking between EPS and NG System would still need to be defined.

6.18.x.2
Architecture for Deployment Scenarios 2 and 3

Common to deployment scenarios 2 and 3 is the requirement for interworking between EPS and NextGen System. This is necessary to allow mobility in case UEs moving across deployment borders. We expect such requirement to exist at least for voice services.

The architecture to support service continuity for NextGen UEs is depicted below:
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Figure 1.2-1: Architecture to support scenarios 2 and 4 for NR-capable UEs

Architectural elements necessary to support scenarios 2 and 3 for NG UEs:

-
C- and U-Plane interface between EPC and NextGen Core for mobility signalling and transfer of user data

-
inter-RAT interworking functions in E-UTRAN and NG RAN (“source adapts to target”) and in UE

-
X2-like connectivity is possible between the RAN parts at the deployment border, but not assumed to be absolutely necessary

When looking at the main protocol entities that need to be present in the nodes, further peculiarities for interworking can be deduced:
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Figure 1.2-2: Main protocol entities in Core, RAN and UE for 5G UEs.
-
The NG Core and UE will  support the new NAS including e.g. the expected new Session Management/QoS concept. For mobility, and  interworking a mapping would need to be performed between the EPS based concept and the NG concept.
Such aNAS would be applied, regardless whether the UE consumes radio resources from evolved LTE or NR.
-
It is also assumed that RRC will be impacted – as similar as it might be designed compared to LTE – at least to cater for the assumed new flow-based concept, so a UE capable of transiting between NG System and EPS would need to “talk” LTE RRC and NG RRC. Interworking details between LTE RRC and NG RRC are regarded to be up to discussions in RAN2.
-
The new access interface from NG Core to NG RAN would need to support connected mobility via the Core, similar to what is called “S1 Handover” in EPS. 

6.18.x.3
 Assumptions derived from roll out scenarios
Assumptions:
-    For Option 3 NextGen Core doesn’t play any role, the necessary core network functions can be provided by legacy EPC. Only minor additions could be considered. EPC represents the common anchor that enables idle and active mobility between the deployment areas.
-    In case of isolated roll-out of NextGen Core connected NG RAN deployment options, E-UTRAN and NG RAN are not connected to the same Core Network. To support mobility between EPS and NG System, interworking between NG Core and EPC is expected.
-    PLMN wide roll-out of NG Core connected NG RAN while keeping an PLMN wide legacy system enables separation of legacy and NextGen users by serving them in separate systems. If such an deployment provides PLMN wide coverage for 5G UEs, no interaction between NG CN and EPC is necessary, but we doubt that this is a realistic assumption. 


3
References

[1]
SP-160464/RP-161266 "5G architecture options – full set", Deutsche Telekom AG, Joint SA/RAN meeting at TSGs#72 June 2016.

[2]
TR 38.801 "Study on New Radio Access Technology; Study on New Radio Access Technology" latest version is 0.2.0, as approved in R3-161422 at RAN3#92.
3GPP

SA WG2 TD


_1529231751.vsd
Legacy E-UTRAN deployment (option 1)


NR options 2,4,5,7 


Tight interworking a la options 4 and 7


Legacy EPC deployment


S1


eE-UTRAN options 4,5,7


NextGen Core deployment


NG2/3


NG RAN


Interworking



_1529231859.vsd
Legacy E-UTRAN deployment (option 1)


NR options 2,4,5,7 


Tight interworking a la options 4 and 7


Legacy EPC deployment


S1


eE-UTRAN options 4,5,7


NextGen Core deployment


NG2/3


NG RAN


Interworking



_1529231880.vsd
(e)E-UTRAN deployment (fully or partly with options 1,4,5,7)


NR options 2,4,5,7 


Tight interworking a la options 4 and 7


Legacy EPC deployment


S1


NextGen Core deployment


NG2/3


NG RAN


Interworking



_1529231833.vsd
(e)E-UTRAN deployment (fully or partly with options 1,4,5,7)


NR options 2,4,5,7 


Tight interworking a la options 4 and 7


Legacy EPC deployment


S1


NextGen Core deployment


NG2/3


NG RAN


Interworking



_1529164887.vsd
evolved  E-UTRAN


NG RAN


EPC


NG Core


IW i/f


S1


NG2/3


NG UE



_1529165028.vsd
E-UTRAN


NG RAN


EPC


NG Core


IW i/f


S1


NG2/3


5G UE


legacy NAS


legacy NAS


NextGen NAS


NextGen NAS


legacy RRC + iRAT functions


legacy RRC + iRAT functions


NextGen RRC


NextGen RRC



_1529142392.vsd
Legacy E-UTRAN deployment


NR deployment


DC – option 3 interworking


Legacy EPC deployment


S1-U


S1


eE-UTRAN option 3 deployment



