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1
Introduction

We have been discussing for a couple of meetings the concept of supporting deployments which allow to keep the DL UP termination point on the RAN-CN interface when the logical ownership of the RAN side NG-U termination/SDAP/PDCP entity changes from one (source/old) logical node to another (target/old) logical node.

2
Discussion

2.1
General
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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 on 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.

Observation 1 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.

2.2
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.
Observation 2 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.

Observation 3 Support of a shared central UP entity follows key requirements for 5GS.

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.

Observation 4 NFV is already supported or discussed for CP parts of the 5GS (e.g. for geographically distributed AMFs).

3
Shared central UP for Dual Connectivity

3.1
Support of a shared central UP entity for EN-DC

Let’s first look at the way SN Addition is described in 37.340 (slightly modified Figure 10.2.1-1):
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Figure 3.1-1: EN-DC SN Addition procedure

The shared, central UP entity, would first provide GTP-U and PDCP protocol entity for an MN terminated E-RAB, i.e. the GTP-U and PDPC physical resource would be logically part of the ng-eNB acting as the MN. The same physical resource can be (re-) used by the (logical) en-gNB at SN Addition. This is shown in Figure 4.
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Figure 3.1-2: EN-DC Addition – MN to SN terminated bearer type change

First of all, the CP entities of the involved E-UTRAN nodes would need to communicate the possibility to keep the UP anchor point:

-
at step 1 and step 1a, a reference to the already allocated UP resource(s) would be provided, first to the SN by means of X2 signalling, then by the SN via E1 signalling. 

Further, it can be seen, that in case SN Addition performs a bearer type change from an MN-terminated bearer to an SN-terminated bearer, the whole sequence from step 8, denoted as “Path Update procedure”, does not need to be performed:

steps 8 and 11: Data Forwarding would be a process internal to the UP entity. In fact, if the same PDCP entity is kept, no data forwarding is necessary at all.
steps 9 and 12: as the S1-U termination point towards the E-UTRAN wouldn’t change (from an S-GW point of view), no E-RAB Modification Indication procedure would need to be performed towards the EPC. This also implies, that 

step 10, the CN internal communication between the MME and the S-GW is not necessary.

The advantages are evident: any kind of bearer type modification that changes the logical RAN node “owning” the PDCP entity of an E-RAB (and hence the GTP-U termination of the S1-U at the E-UTRAN) would come with the cost of signalling towards the CN. An implementation with a central UP entity, shared among the involved E-UTRAN nodes would avoid such cost completely.
What is needed to support such implementation from a standardisation point of view?
-
the node, that initiates the change of “ownership” of the higher layer UP resources would need to provide a reference to the HL UP resource. Best would be to provide the GTP-U TEID (plus IP address) of the S1-U termination at the E-UTRAN. This needs to be provided in the respective X2AP procedures.
-
this requires certain topology knowledge of the underlying UP resources from the initiating nodes. While this is already assumed on the RAN-CN UP interface (e.g. the MME knows when to change S-GW in case of inter-RAN node mobility), such knowledge can be also assumed within the E-UTRAN as well.

-
The initiating node can still provide suggestions, for which E-RAB data forwarding is suggested. If the peer node is not able to access the offered UP resources, it would behave as if such central UP entity would not exist.

-
On E1, signalling is needed to allow provision of the reference to the offered UP resource.

Observation 5 Support of a shared central UP entity follows key requirements for 5GS for NFV.

Proposal 1 Agree to support shared, central UP entities in E-UTRAN for EN-DC to hide bearer type change scenarios from the EPC.

Proposal 2 Add description to stage 2 (TS 37.340) to explicate the support of shared central UP entities in E-UTRAN for EN-DC (TP in R3-184158).

Proposal 3 Agree to provide references to the offered bearer context in terms of an GTP-U TEID (plus IP address) in X2AP for EN-DC (TP in R3-184159). Work on E1AP would need to follow.
3.2
MR-DC with 5GC

At MR-DC with 5GC things are slightly different (or: more complex) due to the 5G PDU Session and QoS model. Clear principles have been settled already:
-
one SDAP entity per CU-CP entity per PDU Session – in Rel-15 this is in maximum on SDAP located at the MN and one SDAP entity connected at the SN. Note: whether further releases allow more than 2 SDAP entities, i.e. more than one SN, is a valid question and might be looked at while designing (the extensibility) of stage 3 protocols; this needs further investigation
-
for MN terminated bearers, NG-U terminates logically in the MN, for SN terminated bearers, NG-U terminates logically in the SN (see TS 37.340 §4.3.2.1).

-
the MN decides which QoS flows are assigned to the SDAP entity in the SN (see TS 37.340 §8.1).

-
the node that hosts the SDAP entity decides how to map the QoS flows to DRBs (see TS 37.340 §8.1).
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Figure 3.2-1: basic protocol entities for MR-DC with 5GC for a PDU Session.

While the MN is responsible for deciding which QoS flows to allocate to the SDAP entity in the SN, it would also need to inform the CN (i.e. the UPF via the AMF(SMF), so that QoS flows can be split towards the MN and the SN via separate GTP-U tunnels.

With the possibility of utilising a centralised UP resource, the same approach as for EN-DC could be followed: 
-
only a single NG-U tunnel is established between NG-RAN and 5GC, irrespective of the bearer type decision made by NG-RAN. By that the 5GC can be kept unaware and unaffected by any MR-DC related activities within the NG-RAN, which could be many over time.

-
Such centralised UP resource would provide higher layer radio protocol stack resources (SDAP, PDCP) to NG-RAN nodes - in case of MR-DC SDAP and PDCP resources would be provided to MN and SN,

A resource model, showing SDAP entities only, could be depicted as follows:
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Figure 3-2.2: shared, central UP entity.
One can observe the following:
-
with a shared, central UP entity, it is possible to hide MR-DC bearer change / DRB & QoS flow mobility (“offload” related activities from the 5GC

-
the QoS flow split between the SDAP entities, which is provided by the UPF in the nominal split, would have to be performed by the central UP entity.

-
as long as the interface towards the 5GC is handled as if single NG-U connectivity per PDU Session is configured, there is no effect on already agreed interface principles. The only thing that would need to be added to standard is a description of stage 2 level of this option.
-
As shown for EN-DC, even if E1 is not deployed (as, for now, for an ng-eNB), assuming UP resources that are shared among ng-eNBs and gNBs, such approach is certainly standard compliant.
-
The Split of QoS flows would not only need to be communicated between the SN and the MN (this is already foreseen, in principle), but also via E1, if deployed. However, if we assume that each logical NG-RAN node configures its SDAP entity, the central UP entity would receive such information anyhow.
-
Similar to EN-DC, the NG-U GTP-U TEID and the PDU Session ID can serve as the context reference on Xn and E1 interfaces. 

Proposal 4 Agree to support shared, central UP entities in NG-RAN to hide bearer type change and QoS flow offload scenarios at MR-DC from the 5GC.

Proposal 5 Add description to stage 2 (TS 37.340) to explicate the support of shared central UP entities in NG-RAN for MR-DC (TP in R3-184158).

Proposal 6 Agree to provide references to the offered bearer context in terms of an GTP-U TEID (plus IP address) in XnAP (TPs in R3-184160). Work on E1AP would need to follow.
3
Conclusion
We have looked at the concept of a shared central UP entity and observed the following:
Observation 1
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.
Observation 2
Support of a shared central UP entity follows key requirements for 5GS for NFV.
Observation 3
Support of a shared central UP entity follows key requirements for 5GS.
Observation 4
NFV is already supported or discussed for CP parts of the 5GS (e.g. for geographically distributed AMFs).
Observation 5
Support of a shared central UP entity follows key requirements for 5GS for NFV.

We have been providing discussion and description of RAN UP anchors for EN-DC and MR-DC with 5GC. The following is proposed:
Proposal 1
Agree to support shared, central UP entities in E-UTRAN for EN-DC to hide bearer type change scenarios from the EPC.
Proposal 2
Add description to stage 2 (TS 37.340) to explicate the support of shared central UP entities in E-UTRAN for EN-DC (TP in R3-184158).
Proposal 3
Agree to provide references to the offered bearer context in terms of an GTP-U TEID (plus IP address) in X2AP for EN-DC (TP in R3-184159) Work on E1AP would need to follow.
Proposal 4
Agree to support shared, central UP entities in NG-RAN to hide bearer type change and QoS flow offload scenarios at MR-DC from the 5GC.
Proposal 5
Add description to stage 2 (TS 37.340) to explicate the support of shared central UP entities in NG-RAN for MR-DC (TP in R3-184158).
Proposal 6
Agree to provide references to the offered bearer context in terms of an GTP-U TEID (plus IP address) in XnAP (TPs in R3-184160). Work on E1AP would need to follow.
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