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1 Introduction

During the SA and RAN plenary #72 joint meeting in Busan, comprehensive discussions on architecture options have been carried out. 12 architecture options were identified and captured in SP-160464/RP-160266 [1]. According to the draft agenda of RAN3 #93, there will be an agenda item to discuss the migration paths towards RAN for new RAT, i.e., 
Evolution path to/and reference architecture

· Migration towards RAN for New RAT
· Selection of migration path including eLTE eNB aspects and IRAT HO … full picture
· Low prioritisation of individuals scenarios, if possible
· Down selection of individuals scenarios, if possible
In this contribution, we first down select the architecture scenarios and then starting from the remaining Options, we provide analysis of different migration paths towards RAN for new RAT for both standalone and non-standalone operation. 
2 Discussion 
2.1 Down selection of architecture Options 

Among the architecture set options in [1], Option 6, 8 and 8a are standalone NR but connected to legacy EPC. In these options, all the core network components supporting LTE and 5G NR are provided through EPC. With this scenario, there is minimal impact to legacy RAN. Nevertheless, the degrees of freedom to evolve the EPC in a manner that efficiently provides 5G functions to support the diversity of use cases (e.g., eMBB, mMTC and URLLC) may be limited. Furthermore, 5G NR may need to support the interface to legacy EPC and new core simultaneously which results in dispensable complexity. Therefore, we should not look at Option 6, 8 & 8a and remove them from candidate architecture Options.
Architecture Option 1 is EPC with EUTRAN, which is already specified and commercially deployed, so RAN3 should only focus on the remaining Option 2, 3, 4, 5, 7, as shown in Figure 1 and takes these Options into account when conducting migration path study.  
Proposal 1: RAN3 should not look at Option 6, 8 & 8a and agree to focus on Option 2, 3 & 3a, 4 & 4a, 5 and 7 & 7a for migration and interworking study.
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Figure 1 Candidate architecture Options 
2.2 Migration path towards RAN for new RAT

Option 2 can be considered as the target architecture. In the long term, LTE will gradually degraded and diminish eventually, and the frequency that already allocated to LTE can be refarmed to deploy NR. How the current system (LTE/EPC) will migrate to the target architecture (NR/NG core), i.e., how next generation system are introduced, may have two typical mode, that is 

· Standalone mode:  LTE/EPC directly to standalone NR/NG Core
· Non-standalone mode: LTE/EPC to non-standalone NR to standalone NR/NG core
As indicated in Section 2.1, even for non-standalone NR, there exist multiple architecture options depending on LTE connecting to EPC or NG core. In this section, we intend to provide all the potential migration paths for both standalone and non-standalone mode and analyze the key effects that may affect the selection of the migration paths. 
Note 1: In the subsequent migration path analysis, it is assumed that all the installed E-UTRAN LTE nodes are upgraded to evolved E-UTRAN eLTE nodes to support the connection to NG core. The scenario that only upgrading partial of the LTE nodes to eLTE nodes is not considered, since this scenario is more related with interworking issue between LTE/EPC and eLTE/NG core, which has been studied in SA2 [2].
Note 2: The analysis focus on migration scenarios within operator (non-roaming), roaming scenarios are not considered. 
2.2.1 Standalone mode

Migration Path 1: LTE/EPC -> Option 2
This Migration path is likely to be applied by operators who do have both lower frequency to provide the wide area coverage and higher frequency to boost the capacity. For initial deployment of this kind of standalone path, to avoid interworking with LTE (frequent handover from NR to LTE), dual-mode dual-standby terminal to support legacy system and NG system simultaneously may be introduced. 
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Migration Path 2: LTE/EPC -> Option5 +Option 2 -> Option 2
Path 2 is also an evolution path in standalone mode, it differs from migration path 1 that this migration path support either the terminal anchored at eLTE and adopt NR as a second leg to enhance the capacity, e.g., Option 7/7a, or terminal anchored at NR and adopt eLTE as a second led to enhance capacity, e.g., Option 4/4a. The price to pay is to upgrade LTE node to eLTE node supporting connections to both EPC and NG core, whilst build standalone NR connecting NG core.
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2.2.2 Non-standalone mode
Migration Path 3: LTE/EPC -> Option 3/3a -> Option 2
This Migration path is more suitable to operators who want to take full use of its existing LTE RAN and core network. Nevertheless, due to the fact that NR potentially use higher frequency with larger bandwidth than LTE, Deployment of Option 3/3a may require network infrastructure upgrading, for instance, if Option 3 is applied, baseband board of LTE may be changed due to the bandwidth constrains of X2 interface of current board; if Option 3a is applied, EPC is required to upgraded to support the increased data traffic. 
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Migration Path 4: LTE/EPC -> Option 3/3a -> Option 7/7a -> Option 2
This Migration path can be applied by operators who want to start with Option 3/3a then migrate to Option 7/7a, to leverage on the evolved E-UTRAN while benefit from the advanced features introduced by NG core. Since Option 3/3a is an intermediate step, so how long it last needs further studies. In this case, except for dealing with migration path, UE forward compatibility issue should be taken into consideration, especially to guarantee dual-connectivity UE in Option 3/3a could work in Option 7/7a and dual-connectivity UE in Option 7/7a equipped with both EPC and NG core NAS to achieve flexible association with EPC or NG core. It is also possible to allow UE to support both Option 3/3a and Option 7/7a in advance even at Option 3 intermediate step.  
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	Terminal side
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Migration Path 5: LTE/EPC -> Option 7/7a -> Option 2
This migration path is suitable to operators who plan to upgrade their current E-UTRAN network infrastructure at the initial deployment. 
	Network side
	
[image: image45.emf]NR

NG Core

eLTE

EPC


	
[image: image46.emf]NR

NG Core

eLTE

EPC


	
[image: image47.emf]NR

NG Core



	Terminal side
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Proposal 2: RAN3 agree to include the five potential migration paths to TR 38.801
2.3 Affecting factors to select the migration paths
Affecting factors that influence the selection of migration path towards RAN for new RAT includes but not limited to
· Network capabilities and time plan for 5G initial commercial deployment

· Standardization completion time for each architecture option
· Frequency availability

· Network infrastructure upgrading and reconstruction investment.
3 Conclusion
Proposal 1: RAN3 should not look at Option 6, 8 & 8a and agree to focus on Option 2, 3 & 3a, 4 & 4a, 5 and 7 & 7a for migration and interworking study. 
Proposal 2: RAN3 agree to include the five potential migration paths to TR 38.801

· Standalone mode

· Path 1: LTE/EPC -> Option 2
· Path 2: LTE/EPC -> Option5 +Option 2 -> Option 2
· Non-standalone mode

· Path 3: LTE/EPC -> Option 3/3a -> Option 2
· Path 4: LTE/EPC -> Option 3/3a -> Option 7/7a -> Option 2
· Path 5: LTE/EPC -> Option 7/7a -> Option 2
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14.1
Architecture options considered for migration path analysis

[image: image56.emf]NR

NG Core

Option 2: Standalone NR, NG 

Core connected

    
[image: image57.emf]NR

NG Core

Option 4/4a: Standalone NR, NR assisted 

LTE, NG Core connected

LTE

EPC

“1A like”



[image: image58.emf]NR

NG Core

Option 3/3a: Non-standalone NR, LTE 

assisted, EPC connected

LTE

EPC

“1A like”

  
[image: image59.emf]eLTE

NG Core

Option 5: Standalone LTE, NG 

Core connected

  
[image: image60.emf]NR

NG Core

Option 7/7a: Non-standalone NR, LTE 

assisted, EPC connected

eLTE

EPC

“1A like”


Figure X Candidate architecture options

14.2
Potential migration path towards RAN for new RAT
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	Path 3
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	Path 5
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Option 3/3a: Non-standalone NR, LTE assisted, EPC connected
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Option 4/4a: Standalone NR, NR assisted LTE, NG Core connected
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