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Introduction
This paper follows the discussion in R3-182740 and analysis HO aspects of centralized UP entity. 
Discussion
General


Figure 1-1: ownership of UP entities changing from source/old to target/new RAN node.
Figure 1-1 shows the shared, central UP entity.
-	It offers central higher layer UP resources to one or several RAN nodes:
-	In case of E-UTRAN, a UP resource configuration consists per E-RAB of an DL S1-U tunnel termination and an PDCP entity.
-	In case of NG-RAN, a UP resource configuration consists of one per PDU Session DL NG-U tunnel termination, an SDAP entity (max. 2 SDAP entities in case of DC in Rel-15) and an PDCP entity per DRB.
-	With the UP resources provided to logical RAN nodes, the shared, central UP entity is logically part of that logical RAN node.
Overall network performance will benefit from such approach:
-	at Handover, CN internal signalling can be skipped
-	if all bearers are kept, no SMF/AMF update signalling, only the NG-C/S1-MME termination changes to the target node
-	at Resume in a new RAN node, like for HO, CN internal signalling can be skipped
-	for Dual Connectivity, if the (SDAP/) PDCP entity for a DRB is moved in between Master and Secondary node, 
-	for 5GS, only a single NG-U tunnel is necessary, as the split towards 2 SDAP entities can be regarded as a UP node internal matter.
-	signalling towards the CN is not necessary at all (this implies that also CN internal signalling can be skipped)
-	any kind of QoS flow or DRB offload in between involved RAN nodes would be completely unnoticed, i.e. neither CP or UP related changed on the NG interface configuration necessary.
-	for all the 3 scenarios, data forwarding is a UP node internal matter.
[bookmark: _Toc390167241][bookmark: _Toc399305032][bookmark: _Toc399310900][bookmark: _Toc400692647][bookmark: _Toc415738396][bookmark: _Toc513033893][bookmark: _Toc513037425]The concept of a shared central UP entity provides a lot of advantages for all kinds of bearer mobility scenarios (HO, Inactive, DC). It reduced drastically inter-node communication which translates into increased system capacity. Therefore, it should be supported from the first 5G release onwards.
5GS and NFV
The concept of a shared central UP entity allows to follow one of the key elements and key requirements for the 5G System for Network Function Virtualisation. This relation is well covered as one can see in the following quotes:
TS 38.913 states The RAN architecture shall allow deployments using Network Function Virtualization.
TS 38.801 states NR shall allow Centralized Unit (CU) deployment with Network Function virtualization (NFV).
TS 38.401 defines a Network Function: A Network Function is a logical node within a network infrastructure that has well-defined external interfaces and well-defined functional behaviour.
[bookmark: _Toc513033894][bookmark: _Toc513037426]Support of a shared central UP entity follows key requirements for 5GS for NFV.
Sharing UP resources among RAN nodes allows flexibility in time and location: assigning network functions (i.e. logical nodes) dynamically to hardware resources: 
-	at most appropriate places
-	of the currently desirable amount
-	when needed. 
This allows flexibility in utilising hardware resources and results in capacity/pooling gains, compared to static allocation of hardware resources to logical nodes - i.e., the same hardware resource can be assigned to several logical nodes, instead of a single logical node.
Of course, logically, a certain single process, e.g. an instance of an NR PDCP protocol entity, can only belong to one, and only one logical RAN node, but, as soon that single instance of an NR PDCP protocol entity is released, it can be allocated anew to another logical RAN node.
Allowing flexible usage of hardware resources is not only aimed at for UP resources, but also for CP resources. In the 5GC, this was achieved by supporting geographically distributed implementations of AMFs by means of allowing multiple TNL associations for an NG-C instance. Same kind of discussions are led on F1-C and E1.
[bookmark: _Toc513037428]NFV is already supported or discussed for CP parts of the 5GS (e.g. for geographically distributed AMFs).
Mobility solution 
In the scenario depicted in Figure 1-1 it is possible to perform a handover where the source and the target logical UP entities are within the same shared physical central UP entity. This offers the possibility of improving the NG-RAN handover procedure by: 
(1) avoiding the need for changing the NG-U tunnel toward the core network. This allows to save a significant amount of signalling inside the 5GC, as the AMF does not need to contact SMF and SMF does not need to contact UPF to update the NG-U UL TEIDs. 
(2) avoiding the need for data forwarding. Since the source and target logical UP entities are both within the same physical entity there is no need to send a SN status transfer and create tunnels for data forwarding. Everything can be handled internally in the physical central UP entity.
Overall, the improvements described above lead to a faster and more efficient handover procedure. This can help significantly in reaching the 0ms interruption time, which is one of the key requirements for 5G.
Observation 4: 	A handover procedure that allows to keep the user plane tunnels toward the CN and to avoid data forwarding should be defined. This improvement is necessary to reach the 0ms interruption time that is one of the key requirements for 5G.   
Proposal 1: 	RAN3 is kindly asked to agree on a handover procedure that allows to keep the user plane tunnels toward the CN and avoid data forwarding.    
What is needed to support such implementation from a standardisation point of view?
· The source NG-RAN node needs to inform the target NG-RAN node about the possibility of keeping the NG-U tunnel and avoid data forwarding. This can be done for example by adding in the Xn Handover Request message a new optional IE that includes the existing NG-U DL GTP TEID.
· The target NG-RAN node needs to inform the source NG-RAN node about the NG-U tunnels that have been successfully kept. This can be done for example by adding in the Xn Handover Response message a new optional IE that includes the NG-U DL GTP TEIDs that have been successfully kept. This is needed for avoiding data forwarding.
· If the target NG-RAN node is split into a CU-CP and a CU-UP, then the corresponding information needs to be added also on the E1 interface in the Bearer Context Setup Request / Response messages.   
· The target RAN node needs to inform the AMF that the NG-U DL GTP TEIDs have been kept during the handover. This can be done by adding in the NG Path Switch Request message a new optional IE that informs the AMF on whether the NG-U DL GTP TEID tunnel is unchanged. This is needed for avoiding signalling in the core network. 
It can be seen that the standard impact of this solution is really minimal, while the advantages is terms of performance (i.e., reduced handover interruption time) can be really significant. 
Proposal 2: 	RAN3 is kindly asked to agree with the stage-2 TP for TS 38.300 in R3-182704, which describes the possibility of keeping the UP resources and avoiding data forwarding at handover with central UP entity.    
Proposal 3: 	RAN3 is kindly asked to agree with the stage-3 TP for TS 38.423 in R3-182706, which introduces the signalling for informing the target NG-RAN node about the possibility of keeping UP resources.        
Proposal 4: 	RAN3 is kindly asked to agree with the stage-3 TP for TS 38.413 in R3-182705, which introduces the signalling for informing the AMF that the DL UP termination have been kept during handover.         


The discussion above focuses on NG-RAN. On the other hand, the same concepts can also be applied for E-UTRAN. For example, it could be possible in EN-DC to perform an MeNB change while keeping the UP tunnels towards the EPC and avoid data forwarding. 
Proposal 5: 	RAN3 is kindly asked to agree with the stage-2 TP for TS 36.300 in R3-182709, which describes the possibility of keeping the UP resources and avoiding data forwarding at handover with central UP entity.    
Proposal 6: 	RAN3 is kindly asked to agree with the stage-3 TP for TS 36.423 in R3-182708, which introduces the signalling for informing the target E-UTRAN RAN node about the possibility of keeping UP resources.        
Proposal 7: 	RAN3 is kindly asked to agree with the stage-3 TP for TS 36.413 in R3-182707, which introduces the signalling for informing the MME that the DL UP termination have been kept during handover.         
Conclusion
[bookmark: _In-sequence_SDU_delivery]In this contribution, we discussed mobility solution with central UP. 
Proposal 1: 	RAN3 is kindly asked to agree on a handover procedure that allows to keep the user plane tunnels toward the CN and avoid data forwarding.    
Proposal 2: 	RAN3 is kindly asked to agree with the stage-2 TP for TS 38.300 in R3-182704, which describes the possibility of keeping the UP resources and avoiding data forwarding at handover with central UP entity.    
Proposal 3: 	RAN3 is kindly asked to agree with the stage-3 TP for TS 38.423 in R3-182706, which introduces the signalling for informing the target NG-RAN node about the possibility of keeping UP resources.        
Proposal 4: 	RAN3 is kindly asked to agree with the stage-3 TP for TS 38.413 in R3-182705, which introduces the signalling for informing the AMF that the DL UP termination have been kept during handover.         
Proposal 5: 	RAN3 is kindly asked to agree with the stage-2 TP for TS 36.300 in R3-182709, which describes the possibility of keeping the UP resources and avoiding data forwarding at handover with central UP entity.    
Proposal 6: 	RAN3 is kindly asked to agree with the stage-3 TP for TS 36.423 in R3-182708, which introduces the signalling for informing the target E-UTRAN RAN node about the possibility of keeping UP resources.        
Proposal 7: 	RAN3 is kindly asked to agree with the stage-3 TP for TS 36.413 in R3-182707, which introduces the signalling for informing the MME that the DL UP termination have been kept during handover.         
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