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1
Introduction
This contribution provides TP for the TR 38.801 based on the discussion in R3-170035. 

2
Text Proposal for TR 38.801
Beginning of Text Proposal
10.1
Tight interworking between new RAT and LTE
10.1.1
General

Option 3/3a/3x, 4/4a and 7/7a of deployment scenarios can be considered as tight interworking between NR and E-UTRA. 

In Option 3/3a, Dual Connectivity (DC) specified in TS 36.300 [12] and relevant stage 3 specifications (e.g., TS 36.423 [13]) should be reused as baseline considering the fact that EPC should not be impacted. Therefore, for the Xx interface between LTE eNB and gNB, the procedures and protocols would remain alike those of DC, while minor enhancements might not be ruled out. In Option 3x defined in Section 10.1.2.4, further enhancements are needed on top of LTE based DC.
In Option 4/4a, the tight interworking can be realized, in which the gNB (similar role as MeNB in TS 36.300 [12]) is connected to the NGC with Non-standalone E-UTRA (similar role as SeNB in TS 36.300 [12]). The E-UTRA user plane connection to the NGC goes via the gNB (Option 4) or directly (Option 4A). For the Xn interface between eLTE eNB and gNB, the procedures and protocols should be newly designed.
In Option 7/7a, dual connectivity can also be achieved, in which the eLTE eNB (similar role as MeNB in TS 36.300 [12]) is connected to the NGC with Non-standalone NR (similar role as SeNB in TS 36.300 [12]). The NR user plane connection to the NGC goes via the eLTE eNB (Option 7) or directly (Option 7A). For the Xn interface between eLTE eNB and gNB, the procedures and protocols should also be newly designed.

NOTE:
The working assumption in RAN3 is that the procedures and protocols over Xn interface for Option 7/7a should be the same as Option 4/4a.
10.1.2
Option 3/3a/3x
10.1.2.1
General principles for Xx interface
The interface allowing to interconnect EPC connected gNB and LTe eNB, is referred to as the Xx interface. The general principles for the specification of the Xx interface are as follows:

-
the Xx interface shall be open;

-
the Xx interface shall support the exchange of signalling information between the endpoints, in addition the interface shall support data forwarding to the respective endpoints;
-
from a logical standpoint, the Xx is a point-to-point interface between the endpoints. A point-to-point logical interface should be feasible even in the absence of a physical direct connection between the endpoints.

-
the Xx interface shall support control plane and user plane separation;

-
the Xx interface shall separate Radio Network Layer and Transport Network Layer;

-
the Xx interface shall be future proof to fulfil different new requirements, support new services and new functions;
-
the Xx interface shall support LTE based Dual Connectivity operation where LTE eNB is MeNB;

-
the Xx interface shall support flow control functions;

-
the Xx interface does not support handover preparation functions.
Editor’s note: The interface name Xx is working name in this study, and decided later whether the interface functions are specified in X2AP or a new XnAP or a separate AP. It also needs to be decided whether the interface name is kept and whether such an interface would be part of the New RAN, the E-UTRAN or another RAN.
10.1.2.2
Architectural aspects

DC specified in TS 36.300 [12] is applied as the baseline for tight interworking between NR and E-UTRA in this option. Radio Protocol Architecture for the User Plane is defined in Figure 10.1.2.2-1 for split bearer and SCG bearer. LTE eNB and gNB are assumed to have the role similar to MeNB (Master eNB) and SeNB (Secondary eNB) specified in TS 36.300 [12], respectively. NR PDCP is one of the NR sub-layers to handle SDUs of the S1-U interface as well as the SDUs of the NGC interface into different DRBs according to the QoS information associated with the SDU. 

Editor’s note: The below figure is an example. NR PDCP, NR RLC and NR MAC are pending to RAN2.
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Figure 10.1.2.2-1: Radio Protocol Architecture for split bearer and SCG bearer in Option 3/3a

Network interface configurations can be defined in Figure 10.1.2.2-2 and Figure 10.1.2.2-3.
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Figure 10.1.2.2-2: C-Plane connectivity for Option 3/3a
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Figure 10.1.2.2-3: U-Plane connectivity for Option 3/3a

10.1.2.3
Procedural aspects

The procedures defined under section 10.1.2.8 (Dual Connectivity operation) in TS 36.300 [12] listed below apply. In this list, LTE eNB and gNB connected via Xx are considered to have the role similar to MeNB (or eNB without DC) and SeNB, respectively. In this context, the Xx-U has all the functionality of X2-U for LTE DC operation. The DC procedures defined in TS 36.423 [13] are used as baseline.

-
SeNB Addition

-
SeNB Modification (MeNB initiated SeNB Modification)

-
SeNB Modification (SeNB initiated SeNB Modification)

-
Intra-MeNB handover involving SCG change

-
SeNB Release (MeNB initiated SeNB Release)

-
SeNB Release (SeNB initiated SeNB Release)

-
Change of SeNB

-
MeNB to eNB Change

-
SCG change

-
eNB to MeNB change

-
Inter-MeNB handover without SeNB change

NOTE 1:
Support of hybrid HeNB as the SeNB is not justified in RAN3.
Editor’s note: It is pending to RAN2 whether additional procedures have to be defined (e.g., dynamic UE capability update, UE measurement report request).
SeNB Addition
-
To support UE capability coordination, the MeNB would need to signal NR UE capabilities in the SENB ADDITION REQUEST message.
-
In the SENB ADDITION REQUEST ACKNOWLEDGE, the SeNB indicates its choice of the NR configuration over Xx.
Existing procedure defined in TS 36.300 [12] can be reused without any procedural change, but with minor update to adapt the message information to NR.
SeNB Modification (SeNB/MeNB initiated SeNB Modification) 

Some enhancements to the SENB MODIFICATION REQUEST, SENB MODIFICATION REQUEST ACKNOWLEDGE, SENB MODIFICATION REQUIRED and SENB MODIFICATION CONFIRM messages may be needed e.g. due to use cases and differences between E-UTRA and NR technologies.
Existing procedures defined in TS 36.300 [12] can be reused without any procedural change, but with minor update to adapt the message information to NR.
Intra-MeNB handover involving SCG change, Inter-MeNB handover without SeNB change
These cases involve intra-/inter-MeNB handover where the NR part may or may not change. Any procedural changes to this part should be similar as considered in SeNB Addition, SeNB Modification, Change of SeNB and SCG change procedures.
Existing procedures defined in TS 36.300 [12] can be reused without any procedural change.
MeNB/SeNB initiated SeNB Release 

Either MeNB or SeNB should be able to release the connection between eNB and gNB. No procedural changes are foreseen.

Existing procedures defined in TS 36.300 [12] can be reused without any procedural change.
Change of SeNB

Since this is essentially just SeNB Release + SeNB Addition procedures, any procedural changes should be covered by the component procedures.

Existing procedures defined in TS 36.300 [12] can be reused without any procedural change.
MeNB to eNB Change, eNB to MeNB change

These procedures allow using a handover between MeNB and eNB involving SeNB Addition and SeNB Release procedures. As also these procedures are using the components of SeNB Addition and SeNB Release, no procedural changes are foreseen. 

Existing procedures defined in TS 36.300 [12] can be reused without any procedural change.
SCG change

In E-UTRAN, SCG change is used whenever synchronous reconfiguration is required for the SeNB. With the tight interworking between E-UTRA and NR, similar baseline can be assumed and no procedural changes are foreseen.

Existing procedures defined in TS 36.300 [12] can be reused without any procedural change.
10.1.2.4
SCG split bearer

In order to support SCG split bearer, another deployment option needs to be supported. In option 3x shown in Figure 10.1.2.4-1, the solid line shown between LTE eNB and gNB is used for U-plane data transmission terminated at the gNB, i.e. S1-U data from EPC is split at the gNB.
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Figure 10.1.2.4-1: Option 3x
In option 3x, S1-MME is still terminated at LTE eNB while U-plane is split in the gNB as described in Figure 10.1.2.2-2 and Figure 10.1.2.2-3. Radio Protocol Architecture for the User Plane can be defined in Figure 10.1.2.4-1 for SCG split bearer. 

Editor’s note: The below figure is an example. NR PDCP, NR RLC and NR MAC are pending to RAN2.
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Figure 10.1.2.4-2: Radio Protocol Architecture for SCG split bearer in Option 3x
10.1.2.4.1
Evaluation on SCG split bearer
The following evaluation can be considered for the analysis of this bearer type:

-
Signalling between Master node and Secondary node

Signalling between Master node and Secondary node 

The following additional functions need to be supported on top of LTE Dual Connectivity specified in TS 36.300 [12].

-
LTE eNB (MeNB) provides its tunnel endpoint information in SENB ADDITION REQUEST or SENB MODIFICATION REQUEST message to receive DL data transmission from the gNB;

-
gNB (SeNB) provides its tunnel endpoint information in SENB ADDITION REQUEST ACKNOWLEDGE or SENB MODIFICATION REQUEST ACKNOWLEDGE message to receive UL data transmission from the LTE eNB;

-
Flow control procedure needs to be applied to the other direction, i.e. LTE eNB signals DL DATA DELIVERY STATUS to the gNB, and the gNB signals DL USER DATA to the LTE eNB.

Above new functions seem not to introduce any complexity and specification impact to LTE DC is small. There is no difference on the number of signalling messages between SCG bearer and SCG split bearer.
Next Text Proposal
10.X
Conclusions
Support of SCG split bearer
SCG split bearer in Option 3x is feasible with some additional functions from RAN3 point of view.

Next Text Proposal
14
Migration towards RAN for NR
Editor’s notes: Intention is to capture how migration from existing E-UTRAN to the RAN supporting NR may occur (i.e. to capture the required modification/upgrades to E-UTRAN in order to evolve to the RAN supporting NR).

14.1
Potential migration path 1 [8]

14.1.1
Step 1 deployment

When NR is launched on day 1, a likely scenario is to deploy NR on frequencies higher than those being used for LTE. In this case, the NR coverage is most likely to be much smaller than the existing LTE coverage, especially for frequencies above 6 GHz. For eMBB which can be regarded as continuous evolution of the existing cellular service, it is desirable if the existing LTE coverage can be leveraged to provide nationwide continuous coverage and mobility. In addition to that, the NR coverage enables to boost U-plane capacity in the target stop area where the traffic load is high. Option 3/3a/3x enable operators to launch the NR service as such; eNB acts as MeNB and gNB acts as SeNB. Since LTE eNB as MeNB is already connected to EPC, leveraging EPC can further drives cost effective and early launch of the NR service for eMBB. LTE-NR Dual Connectivity via EPC.



14.1.2
Step 2 deployment and on wards

After the day 1 deployment, next step in question is how NGC is introduced. As for migration from EPC, the following three roles can be considered.

-
NGC is evolution of EPC.

-
NGC encompasses EPC as a slice.

-
NGC replaces EPC.

From operator’s viewpoints, it has to be understood whether:

a)
NGC is backward compatible with EPC and so can provide the same service as EPC can.

b)
NGC is not backward compatible with EPC and so is designed to provide a new service and use case which cannot be done by EPC. 

Even after the day 1 NR deployment and the existing LTE coverage is replaced with NR, operators can reap the benefit if EPC can accommodate NR as a standalone RAT. Even though NGC is introduced, NGC might work as EPC as explained above. As such, NGC in relation to EPC has to be clarified before making a final decision on the RAN-CN interface scenarios to be standardised.
14.2
Potential migration path 2 [9]

One identified sequence of migration from existing E-UTRAN to the New RAN is as follows: 

Step 1:  Early 5G Deployment utilizing Option 3

Step 2:  Migration to Option 7 – Includes Simultaneous Support for Option 3

Step 3:  Migration to Option 4 and/or 2 – Plus Simultaneous Support for Option 3 & Option 7

NOTE: Options 2, 3, 4 and 7 are described in section 7.1. 

-
Option 3 may include 3 and/or 3a, and/or 3x.

-
Option 4 may include 4 and/or 4a.

-
Option 7 may include 7 and/or 7a.
14.2.1
Mobility and Service Continuity between gNB and (e)LTE
The applicable mobility and service continuity scenarios should be evaluated for each migration step.

Editor’s note: Intention for the text below is to establish a placeholder to begin to capture a description of service continuity mobility scenarios that are required to be supported during migration steps. It is FFS on whether every mobility and service continuity applies to each migration path/step and how to capture this.
The following mobility and service continuity scenarios may be supported during operation of Steps 1-3 above:

1.
[e.g. Data Mobility between eLTE eNB and gNB with service continuity for data -   FFS];

2.
[e.g. Voice Mobility between eLTE eNB and gNB with service continuity for voice] - FFS]

3.
[e.g. Data Mobility between LTE eNB and gNB with service continuity for data – FFS]

4.
[e.g. Voice Mobility between LTE eNB and gNB with service continuity for voice -  FFS]

5.
[e.g. Other mobility scenarios - FFS]
14.3
Potential migration path 3 [10]
The migration paths from existing E-UTRAN to RAN for NR are based on the deployment architecture set options considered in [7]. The potential migration paths are as follow.
14.3.1
Potential migration path 3-1
LTE/EPC -> Option 2 + Option 5 -> Option 4/4a -> Option 2
-
Step 1: Option 2 and 5 are deployed in parallel once the NG core is available. Option 7&7a can also be supported at this step.

-
Step 2: Option 4/4a could be deployed

-
Step 3: Only Option2 is used.
UE mode: 

-
Dual mode UE in step 1 with NG NAS.

-
Only NR NAS in step 2

-
NR UE in step 3

14.3.2
Potential migration path 3-2

LTE/EPC -> Option 2 + Option 5 -> Option 2
-
Step 1: Option 2 and 5 are deployed in parallel once the NG core is available. Option 7&7a can also be supported at this step.

-
Step 2: Only Option 2 is used.

UE mode:

-
Dual mode UE in step 1 with NG NAS

-
NR UE in step 2
14.3.3
Potential migration path 3-3

LTE/EPC -> Option 3/3a/3x -> Option 4/4a-> Option 2
-
Step 1: Non-standalone NR is deployed for support of LTE-NR tight interworking, based on legacy LTE network. Option 3&3a&3x can be applied.

-
Step 2: Standalone NR is deployed together with the NG core. Option 4/4a could also be deployed.

-
Step 3: Only Option 2 is used.

UE mode:
-
Only LTE NAS in step 1

-
Only NR NAS in step 2

-
NR UE in step 3

14.3.4
Potential migration path 3-4

LTE/EPC -> Option 7/7a -> Option 2
-
Step 1: Option 7/7a is deployed for support of eLTE-NR tight interworking

-
Step 2: Only Option 2 is used.

UE mode:
-
Only NR NAS in step 1
-
NR UE in step 2
14.3.5
Potential migration path 3-5
LTE/EPC -> Option 3/3a/3x -> Option 1 + Option 2 + Option 7/7a -> Option 2 + Option 5
-
Step 1: Non-standalone NR is deployed for support of LTE-NR tight interworking, based on legacy LTE network. Option 3/3a/3x can be applied, in which option 3 maybe prefer in high priority.

-
Step 2: eLTE-NR tight interworking, with LTE anchor connected to 5G core, standalone LTE and standalone NR should be supported.
-
Step 3: Only NG core are used.
UE mode:
-
Only LTE NAS in step 1.
-
NR NAS and LTE NAS in step 2.

-
NR UE in step 3.

14.4
Potential migration path 4 [15]

14.4.1
Deployment considerations
In order to limit dependency on legacy EPC, to reduce complexity in roaming scenarios and to enable wide business opportunities, any phased approach in the migration path that results in fragmentation of the ecosystem should be avoided, hence UEs under New RAN coverage shall be able to connect to the NGC since early phases of New RAN deployment.

Initial deployment shall be “future-proof”, by avoiding any legacy with respect to subsequent deployment phases. In the early phase eLTE and the NR will be deployed gradually.
-
NR gNBs will be mainly deployed in Non-standalone mode through an interworking with eLTE eNBs and with a connection to the NGC. Some of the existing LTE eNBs need to be gradually upgraded to eLTE eNBs to support the NG interface towards NGC, in addition to supporting the existing S1 towards the EPC.
-
All New RAN capable UEs can be steered to NGC.
In a second phase, NGC will support most of the UEs, whilst EPC will gradually shrink. Besides the Non-standalone NRs, also the Standalone NRs will be deployed, depending on use cases and commercial availability.
The final target architecture will be based on New RAN only, i.e. with all LTE eNBs upgraded to eLTE eNBs, and on NGC, whilst the EPC will be maintained to manage legacy UEs only, which are unable to access the New RAN.
14.4.2
Two-step migration path
The following steps are identified based on previous deployment considerations:
-
Step 1: Early New RAN deployments are based on Option 5 and Option 7
-
Step 2: Extension of Step 1 by introducing deployments based on Option 2
NOTE 1:
Options 2, 5 and 7 are described in section 7.1.
-
Option 7 may include 7 and/or 7a.
End of Text Proposal
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