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1 Introduction
The topic of migration paths has been discussed in the past several RAN3 meetings, and some potential migration paths were agreed to be captured into TR38.801. This contribution gives some initial thoughts from China Telecom on 5G connectivity options and migration paths.
2 Discussion

2.1 Position of (e)LTE and NR 
The commercial 5G network of China Telecom is planed to support eMBB, IoT, and URLLC in 2020. As a growing source of profits for operator, the LTE network can well support all the current services and provide good user experience. Since the new requirements of the future network to support new application and services, the new RAT and NGCN need to be introduced during the migration procedure. From the perspective of operator, the desired migration path/solution is to bring in a new system or some new functions to for satisfy the requirements of the new applications (e.g. AR/VR, URLLC) with less impact on the current LTE/EPC network especially in first phase of 5G deployment.
Both eLTE and NR support connectivity to NGCN and NG interface, they can utilize some new functions and features (e.g. MEC, Network Slice, and etc) to improve user experience and optimize the network resource. Although partially or totally of these new functions and features can be implemented by (v)EPC and LTE upgrade, we may pay dearly for the network transformation and upgrade. 
From the perspective of service support, NR can support all three families of typical applications defines in TR38.913, but the eLTE which adopts the air interface of LTE may not support well, particularly for the extremely low latency communication scenarios. For tight inter-working scenario, the services which  can not be supported well by eLTE, shall be considered to offload to NR gNB. For mMTC, both LTE (e.g., NB-IoT with one or multiple PRB, eMTC) and NR air interface are satisfied with the 5G KPI requirements. The (e)LTE+NR or NR alone is suitable to carry the family of the fixed URLLC service.
Observation 1: The desired migration paths for operators shall match their services development needs and the actual conditions of their network. 
In order to maintain the overall coverage, (e)LTE is the best candidate as the base layer. Currently we mainly consider the following frequency bands for NR:

· Below 6GHz (3.3-3.6GHz and 4.4-4.5GHz, 4.8-4.99GHz):

· Upper 6GHz band: around 26GHz, and around 40GHz.

Comparing to the existing LTE frequency (e.g. B1/3/5/41), the 5G frequency has the characteristic of higher penetration and propagation loss. According to our initial evaluation result, even if the NR gNB configured with Massive MIMO (e.g., 64T64R),  the uplink coverage performance of the 3.5GHz gNB still has about -12.4dB gap to 1.8GHz  LTE with 2T2R. Moreover, refarming existing LTE frequency to 5G must be handled cautiously at the first phase of 5G deployment. The mainly reasons are as follows:
· The LTE network is still the major source of profits of operator in a long time, while the refarming will impact the user experience in some extent. 

· Refarming is related to the regulation and should be licensed by government in China.
To achieve the overall coverage of NR is huge work for the operators at least in the first phase of 5G, so i the (e)LTE as the coverage layer while NR as the capacity layer for eMBB is a plausible assumption.
Observation 2: The (e)LTE as the coverage layer while NR as the capacity layer is a plausible assumption for eMBB. 
2.2 Views on the Architecture/Connectivity Options 
Option 3/ 3a is regarded as a fast solution to deploy NR with reuse the DC features standardised in Release 13. Some operators have decided to deploy the option3/3a in the first phase of 5G deployment. From our side, the option 3/3a has the same peak data rate with option7/7a and the essence of Option3/3a can be regarded as 4G yet, how to guide users to renew their phones from option 3/3a to option7/7a may be a puzzle in the future. Moreover, option 3 is not compatible with other options if the operator decides to deploy other options in the second phase. Therefore the option 3/3a is not the mandatory option in our migration path. However, we understand some operators have the urgent requirements for Option 3/3a, and any conclusions on the priority of Option 3/3a are fine with us.
Since the Option 7 exploits the advantage of keeping LTE as the basic layer and introduces NG interface for eLTE and NR, we will prioritise Option7/7a at the first phase of 5G deployment.
The continuous coverage of NR is essential to option 4/4a for eMBB, otherwise the MeNB will be frequent changed between eLTE and NR. This will bring in the negative influence on user’s experience. As the analysis in the section2.1, the continuous coverage of NR is a big challenge in the first phase. Moreover, we don’t see the necessity of changing the MeNB from eLTE to NR in the first phase. Therefore we will not consider option4/4a in the first phase. In the second phase, in order to simplify the protocol stack, there may be occur some types of UE which only support NR as control plane. And if the overall coverage of NR is achieved, the option4/4a can also be taken into account in the second phase
Since we have decided to support the mMTC and fixed URLLC service in the first phase, the option2 is the simplest way to carry these types of services. 
Due to the option 5 can be regarded as the subset of Option 7/7a, we will not consider option 5 in the migration paths independently from the network side. However, from UE side option5 should be considered as a key choice, especially for single radio UE.
2.3 Two potential migration paths

2.3.1 Migration Paths 1: Option 7/7a+Option 2->Option 2

In the first phase for 5G deployment, the NGCN will be introduced in our network. And the NR gNB will be deployed in urban area while all the LTE eNB will be upgraded to eLTE. Moreover, the eLTE eNB and NR gNB shall support NG-C interface And the continuous coverage of NR may be not achieve in this phase. Thus standalone 5G network (option 2) and option 7/7a will be deployed in parallel as the following figure.
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Fig 1 the first phase for Migration 1
In the second phase of 5G deployments, all the LTE frequencies are refarmed to 5G. Therefore there is only option2 in this phase.
In summary, the migration path1 is listed as follows.

LTE/EPC -> Option 2 + Option 7/7a -> Option 2 
· Step 1: eLTE-NR tight inter-working with LTE anchor connected to 5G core and standalone NR should be supported. 

· Step 2: Only NG core and option2 are used.

UE mode: 

· Dual mode and single mode NR NAS in step 1
· NR UE only in step 2

2.3.2 Migration Paths 2: Option 7/7a+Option 2-> Option 7/7a+Option 4/4a+Option 2->Option 2

In the first phase for 5G deployment, the NGCN will be introduced in our network. And the NR gNB will be deployed in urban area while all the LTE eNB will be upgraded to eLTE. Moreover, the eLTE eNB and NR gNB shall support NG-C interface And the continuous coverage of NR may not be achieved in this phase. Thus standalone 5G network (option 2) and option 7/7a will be deployed in parallel
In second phase, the continuous coverage of NR can be achieved. The Option 4/4a will be introduced as the following figure.
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Fig 2 the second phase for Migration 2
In the third phase of 5G deployments, all the LTE frequencies are refarming to 5G frequency. Therefore there is only option2in this phase.

LTE/EPC -> Option 2 + Option 7/7a -> Option 2 + Option 7/7a +Option4/4a->Option 2 
· Step 1: eLTE-NR tight inter-working with LTE anchor connected to 5G core and standalone NR should be supported. 
· Step 2: Option 4/4a could be deployed
· Step 3: Only NG core and option2 are used.

UE mode: 

· Dual mode and single mode NR NAS in step 1
· Only NR NAS in step 2
· NR UE only in step 3
3 
Conclusion
In this contribution, we give the initial thoughts on the several 5G connectivity options and migration paths. And two potential migration paths from 4G to 5G are provided. Therefore we propose:
Proposal: RAN3 agree to capture the potential migration paths into TR 38.801.

4 References
[1]. TR 38.801 "Study on New Radio Access Technology; Radio Access Architecture and Interfaces", post RAN3#93 email agreed version 0.4.0
5 Text Proposal

---------------------------------------------------Start of the Change-------------------------------------------------
14.3. x
Potential migration path x

LTE/EPC -> Option 2 + Option 7/7a -> Option 2 
· Step 1: eLTE-NR tight inter-working with LTE anchor connected to 5G core and standalone NR should be supported. 

· Step 2: Only NG core and option2 are used.

UE mode: 

· Dual mode and single mode NR NAS in step 1

· NR UE only in step 2
14.3.y
Potential migration path x

LTE/EPC -> Option 2 + Option 7/7a ->Option2+Option7/7a+Option4/4a-> Option 2 
· Step 1: eLTE-NR tight inter-working with LTE anchor connected to 5G core and standalone NR should be supported. 
· Step 2: Option 4/4a could be deployed
· Step 3: Only NG core and option2 are used.

UE mode: 

· Dual mode and single mode NR NAS in step 1
· Only NR NAS in step 2
· NR UE only in step 3
---------------------------------------------------End of the Change--------------------------------------------------
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