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1   Introduction
There were discussions on RAN3 #92 about target architecture including non-standalone NR, standalone NR, and evolved LTE connecting to new core Chairman notes indicates that the discussion about target 5G architecture and the migration path will continue at next meeting.
There were discussion on full set 5G architecture options in RANP #72 in [1]. Scenario 2, 3/3a, 4/4a, 5, 7/7a were identified by operators during the meeting.
This contribution presents the network migration paths, UE mobility in every path, and the definition of evolved LTE based on the architecture options in [1].
2   Discussion

2.1   Target architecture 
In NGMN white paper for 5G, [2], option 3 is proposed by operators as the target architecture of 5G (figure 1).
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Figuure 1: NGMN option 3
Corresponding to the scenarios in [1], it is observed that scenario 2) and 5) for standalone case (figure 2) and their combinations 4/4a, 7/7a for LTE-NR tight interworking (figure 3) are the target architectures.
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Figure 2: standlone arhcitecture options in [1]
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Figure 3: arhcitecture options for LTE-NR tight interworking in [1]
Proposal 1: Agree to 2)/4)/4a) and 5)/7)/7a) as the target architecture for NR and evolved LTE respectively.
2.2   Network migration path
Considering factors of 5G spectrum allocation, operators’ LTE assets utilization, and 5G technology quick launch, LTE-NR tight interworking, and evolved LTE are promoted by some operators and vendors. These technologies may be deployed by operators meanwhile before the target architectures for NR and evolved LTE.

Therefore, there are multiple migration path from network view, which enable operators migrate their networks to the target network architecture smoothly and cost efficiently.
To filter out useless permutations among the six scenarios in [1], the following assumptions are considered.
· Option2 is supposed to be launched someday anyway.
· Optionally, option3 may show up before option2, and may last for a long time.
· Option 5 may exists in parallel with option 2 when the new core id deployed.

· 4/4a/7/7a will present only after option2 and 5.
And there are some prerequisites existing for some options which should be fulfilled before that option is deployed.
· Option 2 and 5 should be deployed with an accompanied new core.

· Option 4/4a (NR assisted LTE-NR tight interworking) needs the NR operating on low band spectrum.

Taking above assumptions and prerequisites into account, 5 possible migration paths are identified in figure 4. 
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Figure 4: network migration paths

· Path 1: option 3/3a--> option 2-->4/4a
Path 1 may present as following steps:

· Step 1 (option 3/3a): Non Standalone NR is deployed for support of LTE-NR tight interworking, on top of legacy LTE network; either 3 or 3a will be selected.
· Step 2 (option 2): Standalone NR is deployed together with the new core at the second stage for support of new 5G services, e.g., slicing, MEC, URLLC, etc.

· Step 3 (option 4/4a): NR assisted LTE-NR tight interworking could be deployed if low spectrum becomes available for NR. Note that for 4a LTE also needs update to connect to the new core via Ng1-U in this step.
· Path 2: option 3/3a--> option 5-->7/7a

If operators want to avoid expensive spectrum reframing, path 2 is needed. Path 2 may present as following steps:

· Step 1 (option 3/3a): Non Standalone NR is deployed for support of LTE-NR tight interworking, on top of legacy LTE network; either 3 or 3a will be selected.
· Step 2 (option 5): LTE is evolved to connect to the accompanied deployed new core.
· Step 3 (option 7/7a): evolved LTE assisted LTE-NR tight interworking will be supported also naturally.
· Path 3: option 3/3a --> option 2-->option5-->3A: option 4/4a.
-->3B: option 7/7a --> option 4/4a.
Path 3 may present as following steps:
· Step 1 (option 3/3a): Non Standalone NR is deployed for support of LTE-NR tight interworking, on top of legacy LTE network; either 3 or 3a will be selected.
· Step 2 (option 2): Standalone NR is deployed together with the new core at the second stage for support of new 5G services.

· Step 3 (option 5): LTE is evolved to connect to the deployed new core.
· Step 4 (3A: optional 4/4a): NR assisted LTE-NR tight interworking could be deployed if low spectrum becomes available for NR. 

· Step 5 (3B: optional 7/7a): evolved LTE assisted LTE-NR tight interworking will be supported based on step3 because that evolved LTE operates on the low band spectrum.
· Step 6 (3B: optional 4/4a): NR assisted LTE-NR tight interworking could be deployed if low spectrum becomes available for NR eventually, e.g., refarmed from LTE.
· Path 4: option 3/3a --> option 5-->option2-->4A: option 4/4a.

-->4B: option 7/7a --> option 4/4a.
Path 4 may present as following steps:
· Step 1 (option 3/3a): Non Standalone NR is deployed for support of LTE-NR tight interworking, on top of legacy LTE network; either 3 or 3a will be selected.
· Step 2 (option 5): LTE is evolved to connect to the accompanied deployed new core.
· Step 3 (option 2): Standalone NR is deployed for support of new 5G services.

· Step 4 (4A: optional 4/4a): NR assisted LTE-NR tight interworking could be deployed if low spectrum becomes available for NR. 

· Step 5 (4B: optional 7/7a): evolved LTE assisted LTE-NR tight interworking will be supported based on step2 because that evolved LTE operates on the low band spectrum..
· Step 6 (4B: optional 4/4a): NR assisted LTE-NR tight interworking could be deployed if low spectrum becomes available for NR eventually.
· Path 5: option 3/3a --> option2+ 5--> option 4/4a + 7/7a.

Path 5 is the combination of path 1 and 2 which indicates that option 2 and 5 will be deployed by operators in parallel once the new core is available.
Proposal 2: Discuss the 5 migration paths and capture them into the internal TR.
2.3   UE mobility
Because operators may select different migration path for their network, i.e., LTE eNB, evolved LTE eNB and NR gNB may exist in the network simultaneously. Based on the migration paths in section 2.2, the UE migration scenarios are described in figure 4.
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Figure 4: UE migration scenario
It is foreseen that there will be two types of UEs, 4G UEs, and 5G UEs, 4G UEs refer to the legacy terminal devices that connects to EPC by LTE. 5G UEs can connect to NG core by evolved LTE and NR.

It is foreseen that legacy X2/S1 handover procedures could be applied for 4G UEs in migration scenario 1 in figure 4. Other scenarios in figure 4 are not applicable for 4G UEs.
For 5G UEs, there are 4 scenarios should be considered in RAN:

· Scenario 1: A UE is moving from/to cell served by a LTE eNB and cell served by an evolved LTE eNB.
Legacy X2/S1 handovers could be applied for this scenario if both LTE eNB and evolved LTE eNB connect to EPC. 
· Scenario 2: A UE is moving from/to cell served by LTE eNB and cell served by NR gNB. 
X2-like handover cannot be applied as there is no common CN node. Whether S1/Ng1 based handover procedure with CN node change is needed should be discussed by SA2. 
· Scenario 3: A UE is moving from/to cell served by evolved LTE eNB and cell served by NR gNB. 
New X2-like handover (handover through direct interface between evolved LTE and NR) could be applied under assumption that evolved LTE and NR connect to the same NG core.

· Scenario 4: A UE is moving between evolved LTE eNB and evolved LTE eNB with CN relocation between EPC and NG core.
This scenario may exist when a UE served by EPC via evolved LTE eNB triggers a service that NG core supports, e.g., slice. Scenario 4 should be discussed in SA2 also, because it may need some interworking between EPC and New Core.
Proposal 3:  Study the UE mobility in the case that LTE eNB, evolved LTE eNB and NR exists in the network in a PLMN and between PLMNs.
2.4   Evolved LTE definition

Based on the elaboration in above sections, the evolved LTE eNB could support two interfaces towards different core networks as in figure 5, each of them has C-Plane and U-Plane functions:
· Interface between evolved LTE and EPC, for legacy UE
· S1-MME:Referecne point for the control plane protocol between evolved LTE and EPC

· S1-U: Reference point for the user plane protocol between evolved LTE and EPC

· Interface between evolved LTE and new core, for evolved LTE UE supporting LTE access
· Ng1-C: Reference point for the control plane protocol between evolved LTE and New Core.
· Ng1-U: Reference point for the user plane protocol between evolved LTE and New Core.
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Figure 5: illustration of evolved LTE
As shown in figure 6, the evolved LTE eNB could have two function blocks, the first one is backward capable LTE functions (the left part of figure 6). 
The second part includes the evolved LTE RRC and evolved LTE PDCP to support evolved LTE connect to 5G CN to support 5G new services, e.g., network slicing. 
Both parts may share the legacy LTE lower layer protocols, i.e., RLC, MAC, and PHY.
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Figure 6: Radio protocol stacks of evolved LTE
The evolved LTE functions could be summarized from both UE side and network side as following:
· At CN side, the evolved LTE eNB acts as:

· From EPC view, a legacy eNB by existing S1-MME/S1-U interfaces. This is necessary to support legacy UEs.

· From NG core view, an evolved eNB by Ng1 interfaces. This enables evolved LTE UEs connect to NG core by LTE access.
· At UE side, the evolved LTE eNB acts as:

· From legacy UEs view, a legacy eNB providing connections to EPC.

· From evolved LTE UEs view, an evolved LTE eNB providing connections to NG core.

Proposal 4: Discuss and clarify the definition and functionalities of evolved LTE
3   Conclusion
In this contribution, the possible migration paths are presented and discussed. Based on that, the UE mobility and definition of evolved LTE are covered. The following proposals are made.
Proposal 1: Agree to 2)/4)/4a) and 5)/7)/7a) as the target architecture for NR and evolved LTE respectively.
Proposal 2: Discuss the 5 migration paths and capture them into the internal TR.

Proposal 3:  Study the UE mobility in the case that LTE eNB, evolved LTE eNB and NR exists in the network in a PLMN and between PLMNs.
Proposal 4: Discuss and clarify the definition and functionalities of evolved LTE
We also propose to capture the TPs into the internal TR.
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5   Text Proposals
/*****************************Start of 1st Change**************************************************/
14
Migration towards RAN for New RAT
Editor’s notes: Intention is to capture how migration from existing E-UTRAN to the RAN supporting new RAT may occur (i.e. to capture the required modification/upgrades to E-UTRAN in order to evolve to the RAN supporting new RAT).

14.x Target architecture
Four target architecture are agreed to support as in figure 14.x.

· Option 1: standalone NR.

Inter-RAT handover procedure between LTE eNB and NR gNB via EPC and NG-core is needed.
· Option 2: evolved LTE connecting to NG core.

Inter-RAT Handover between evolved LTE eNB and NR gNB via direct interface is needed.

· Option 3: evolved LTE assisted DC with NR (including 3C and 1A).

Inter-RAT Handover between evolved LTE eNB and NR gNB via direct interface is needed.

· Option 4: NR assisted DC with evolved LTE (including 3C and 1A).
Inter-RAT Handover between evolved LTE eNB and NR gNB via direct interface is needed.
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Figure 14.x: Target architecture
14.y Migration path

There are multiple migration paths from network view, which enable operators migrate their networks to the target network architecture smoothly and cost efficiently.

The following assumptions are considered.

Note that the scenario number in the migration path is aligned with section 6.3.1.1, RAN-CN interface deployment scenarios.

· Option2 is supposed to be launched someday anyway.

· Optionally, option3 may show up before option2, and may last for a long time.

· Option 5 may exists in parallel with option 2 when the new core id deployed.

· 4/4a/7/7a will present only after option2 and 5.

And there are some prerequisites existing for some options which should be fulfilled before that option is deployed.
· Option 2 and 5 should be deployed with an accompanied new core.

· Option 4/4a (NR assisted LTE-NR tight interworking) needs the NR operating on low band spectrum.

Taking above assumptions and prerequisites into account, 5 possible migration paths are identified.
· Path 1: option 3/3a--> option 2-->4/4a

Path 1 may present as following steps:

· Step 1 (option 3/3a): Non Standalone NR is deployed for support of LTE-NR tight interworking, on top of legacy LTE network; either 3 or 3a will be selected.

· Step 2 (option 2): Standalone NR is deployed together with the new core at the second stage for support of new 5G services, e.g., slicing, MEC, URLLC, etc.

· Step 3 (option 4/4a): NR assisted LTE-NR tight interworking could be deployed if low spectrum becomes available for NR. Note that for 4a LTE also needs update to connect to the new core via Ng1-U in this step.
· Path 2: option 3/3a--> option 5-->7/7a

If operators want to avoid expensive spectrum reframing, path 2 is needed. Path 2 may present as following steps:

· Step 1 (option 3/3a): Non Standalone NR is deployed for support of LTE-NR tight interworking, on top of legacy LTE network; either 3 or 3a will be selected.

· Step 2 (option 5): LTE is evolved to connect to the accompanied deployed new core.

· Step 3 (option 7/7a): evolved LTE assisted LTE-NR tight interworking will be supported also naturally.
· Path 3: option 3/3a --> option 2-->option5-->3A: option 4/4a.

-->3B: option 7/7a --> option 4/4a.
Path 3 may present as following steps:

· Step 1 (option 3/3a): Non Standalone NR is deployed for support of LTE-NR tight interworking, on top of legacy LTE network; either 3 or 3a will be selected.

· Step 2 (option 2): Standalone NR is deployed together with the new core at the second stage for support of new 5G services.

· Step 3 (option 5): LTE is evolved to connect to the deployed new core.

· Step 4 (3A: optional 4/4a): NR assisted LTE-NR tight interworking could be deployed if low spectrum becomes available for NR. 

· Step 5 (3B: optional 7/7a): evolved LTE assisted LTE-NR tight interworking will be supported based on step3.
· Step 6 (3B: optional 4/4a): NR assisted LTE-NR tight interworking could be deployed if low spectrum becomes available for NR eventually.
· Path 4: option 3/3a --> option 5-->option2-->4A: option 4/4a.

-->4B: option 7/7a --> option 4/4a.
Path 4 may present as following steps:

· Step 1 (option 3/3a): Non Standalone NR is deployed for support of LTE-NR tight interworking, on top of legacy LTE network; either 3 or 3a will be selected.

· Step 2 (option 5): LTE is evolved to connect to the accompanied deployed new core.

· Step 3 (option 2): Standalone NR is deployed for support of new 5G services.

· Step 4 (4A: optional 4/4a): NR assisted LTE-NR tight interworking could be deployed if low spectrum becomes available for NR. 

· Step 5 (4B: optional 7/7a): evolved LTE assisted LTE-NR tight interworking will be supported based on step2.
· Step 6 (4B: optional 4/4a): NR assisted LTE-NR tight interworking could be deployed if low spectrum becomes available for NR eventually.

· Path 5: option 3/3a --> option2+ 5--> option 4/4a + 7/7a.

Path 5 is the combination of path 1 and 2 which indicates that option 2 and 5 will be deployed by operators in parallel once the new core is available.
14.z Evolved LTE definition

The evolved LTE eNB could support two interfaces towards different core networks as in figure 14.z, each of them has C-Plane and U-Plane functions:
· Interface between evolved LTE and EPC, for legacy UE
· S1-MME:Referecne point for the control plane protocol between evolved LTE and EPC

· S1-U: Reference point for the user plane protocol between evolved LTE and EPC

· Interface between evolved LTE and new core, for evolved LTE UE supporting LTE access
· Ng1-C: Reference point for the control plane protocol between evolved LTE and New Core.
· Ng1-U: Reference point for the user plane protocol between evolved LTE and New Core.
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Figure 14.z: illustration of evolved LTE
As shown in figure 14.w the evolved LTE  eNB could have two function blocks, the first one is backward capable LTE functions. 

The second part includes the evolved LTE RRC and evolved LTE PDCP to support evolved LTE connect to 5G CN to support 5G new services, e.g., network slicing. 

Both parts may share the legacy LTE lower layer protocols, i.e., RLC, MAC, and PHY.
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Figure 14.w: Radio protocol stacks of evolved LTE

The evolved LTE functions could be summarized from both UE side and network side as following:
· At CN side, the evolved LTE eNB acts as:

· From EPC view, a legacy eNB by existing S1-MME/S1-U interfaces. This is necessary to support legacy UEs.

· From NG core view, an evolved eNB by Ng1 interfaces. This enables evolved LTE UEs connect to NG core by LTE access.

· At UE side, the evolved LTE eNB acts as:

· From legacy UEs view, a legacy eNB providing connections to EPC.

From evolved LTE UEs view, an evolved LTE eNB providing connections to NG core.
/*****************************End of 1st Change**************************************************/
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