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3GPP™ Work Item Description

For guidance, see 3GPP Working Procedures, article 39; and 3GPP TR 21.900.
Information about Work Items can be found at http://www.3gpp.org/Work-Items
Title: 
Work Item on Support for Virtualized RAN in NR
Acronym:
NR_VirtRAN
Unique identifier: 
 NOTE:
For new WIs/SIs leave the Unique identifier empty or you can make a proposal for an Acronym.


If this is a RAN WID including Core and Perf. part, then Title, Acronym and Unique identifier refer to the feature WI.


Please tick (X) the applicable box(es) in the table below:


Either:

	This WID includes a Core part
	X

	This WID includes a Performance part
	



or:

	This WID includes a Testing part
	

	and it addresses the following 3GPP work area:
	Radio Access
	X

	
	Core Network
	X

	
	Services
	


1
Impacts

	Affects:
	UICC apps
	ME
	AN
	CN
	Others (specify)

	Yes
	
	
	X
	X
	

	No
	X
	X
	
	
	

	Don't know
	
	
	
	
	


2
Classification of the Work Item and linked work items
2.1
Primary classification
This work item is a … {Tick one box. "Feature / Building Block / Work Task" form a hierarchical structure. E.g. no Building Block can be proposed without a corresponding parent Feature. The full structure of all existing Work Items is shown in the 3GPP Work Plan in ftp://ftp.3gpp.org/Information/WORK_PLAN } 
	
	Feature

	X
	Building Block

	
	Work Task

	
	Study Item


NOTE:
Normally, Core/Perf./Testing parts in RAN WIDs are Building Blocks. Only if they are under an SA or CT umbrella, we define them as work tasks. If you are in doubt, please contact MCC.

2.2
Parent and child Work Items 
{For a Feature: list here the children Building Blocks (optional) and Work Tasks (optional)}
{For a Building Block: list here the parent Feature (mandatory) and children Work Tasks (optional)}
{For a Work Task: list here the parent Building Block (mandatory)}
	Parent and child Work Items 

	Unique ID
	Title
	Nature of relationship

	750067
	Work Item on New Radio (NR) Access Technology
	{mandatory text: "parent WID" or "child WID"} 


NOTE:
RAN agreed some time ago, that it describes the feature WI + Core/Perf. part WI or Testing part WI in one WID. Therefore the table above should just include the feature WI Unique ID and title and Nature of relationship is "parent WID".
2.3
Other related Work Items and dependencies
{List here other Work Items which relate to the proposed one but are not part of the hierarchical structure, such as preceding SI or a preceding WI (e.g. if you further enhance a topic).}

	Other related Work Items (if any)

	Unique ID
	Title
	Nature of relationship

	
	
	{optional free text} 


NOTE:
Also related or dependent WIs in other TSGs should be indicated.

3
Justification

Network function virtualisation (NFV) is one of the key elements and key requirements for the 5G System; indeed, TS 38.913 states that RAN architecture shall allow deployments using Network Function Virtualization, TS 38.801 states that NR shall allow Centralized Unit (CU) deployment with Network Function virtualization (NFV), and TS 38.401 defines a Network Function as "a logical node within a network infrastructure that has well-defined external interfaces and well-defined functional behaviour."
Network Function Virtualisation allows flexibility in time and location: in other words, it allows to assign 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 using hardware resources, and results in capacity/pooling gains, compared to static allocation of hardware resources to logical nodes; namely, the same hardware resource can be assigned to several logical nodes at the same time, 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.
Such a pool of RAN UP protocol entities may be realised in a single physical hardware entity, a central UP entity, and it follows key requirements for 5GS for NFV.
For NG-RAN (including all dual- and multi-connectivity scenarios), such a central UP entity would provide UP interface termination points (i.e. NG-U, Xn-U and F1-U), provide resources for instantiating protocol entities (e.g. GTP-U, SDAP, PDCP), and would provide access to these resources via a control interface towards a logical CP node. The control interface would be the E1 interface (CP only) in case of gNB-CU. If the gNB-CU is implemented as a single logical node (i.e. no CP-UP split is deployed), then such interface would be internal to the gNB-CU. A possible depiction of CU-UP function virtualization for 5GS and NG-RAN consisting of gNBs is shown below.
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Figure 1 CU-UP virtualization in 5GS, showed with CP-UP split in NG-RAN nodes.
We believe it is highly beneficial to support such a scenario in 3GPP specifications, for both mobility and multi-connectivity scenarios. The advantages seem evident:

· For handover and for resumption in a new RAN node: core network internal signalling can be skipped;

· For dual- and multi-connectivity, if the (SDAP/) PDCP entity for a DRB is moved 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 between involved RAN nodes would be completely unnoticed, i.e. neither CP- or UP-related changes on the NG interface configuration would be necessary.

For all scenarios above, data forwarding is an internal matter to the UP node.
In order to support the above:
For mobility –
· The source node (e.g., CU-CP) needs to inform the target node (e.g., CU-CP) about the possibility of keeping the RAN-CN tunnel and avoid data forwarding. This can be done for example by adding in the handover request message a new optional IE that includes the existing DL TEIDs.

· The target node (e.g., CU-CP) needs to inform the source node (e.g., CU-CP) about the NG-U tunnels that have been successfully kept. This can be done for example by adding in the handover response message a new optional IE that includes the DL TEIDs that have been successfully kept. This is needed for avoiding data forwarding.

· If the target 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 node needs to inform the core network (MME or AMF) that the DL TEIDs have been kept during the handover. This can be done by adding in the path switch request message a new optional IE that informs the AMF on whether the DL TEID tunnel is unchanged. This is needed for avoiding signalling in the core network.

For EN-DC –
· 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.

For MR-DC with 5GC –

· 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.
4
Objective

4.1
Objective of SI or Core part WI or Testing part WI

Specify the support for shared, central UP entities in NG-RAN (network virtualization) to hide bearer type change and QoS flow offload scenarios at MR-DC from the 5GC [RAN3]:
· Add appropriate description to Stage 2 (TS 36.300, TS 38.300) to support keeping the UP resources and avoiding data forwarding at handover;

· Introduce signaling to inform the target node about the possibility of keeping UP resources in X2AP and XnAP; E1AP impacts are also foreseen;

· Introduce signaling to inform the core network that the DL UP terminations have been kept during handover, in S1AP and NGAP; E1AP impacts are also foreseen;

· Add appropriate description to Stage 2 (TS 37.340) to support shared UP entities in E-UTRAN for EN-DC and in NG-RAN for MR-DC and NR-NR DC;
· Provide references to the offered bearer context in terms of GTP-U TEID (plus IP address) in X2AP, S1AP and E1AP for EN-DC;

· Provide references to the offered bearer context in terms of GTP-U TEID (plus IP address) in XnAP, NGAP and E1AP for MR-DC.
4.2
Objective of Performance part WI

NOTE:
Leave empty if the WI proposal does not contain a RAN performance part.

4.3
RAN time budget request (not applicable to RAN5 WIs/SIs)

NOTE:
For all new RAN related WIs/SIs which are not led by RAN WG5 the WI/SI rapporteur has to fill out the attached Excel table to request time budgets for corresponding RAN WG meetings.
The Excel table has to be filled out for all affected RAN WGs and up to the target date of the WI/SI.
One time unit (TU) corresponds to ~ 2 hours in the meeting.
If no TU is needed leave the field empty otherwise enter a number >0 in the field.


For revisions of already approved WI/SI descriptions: Please remove the Excel table from the WID/SID's zip file. The time budgets are already recorded. If you want to modify them, then this has to be done via the status report and not via a revised WID/SID.


If this WID is covering Core and Performance part, then please fill out one line for each part in the attached Excel table.

additional comments to the time budget request in the attached Excel table:

See attached Excel table.
5
Expected Output and Time scale

	Impacted existing TS/TR {One line per specification. Create/delete lines as needed}

	TS/TR No.
	Description of change 
	Target completion plenary#
	Remarks

	TS 37.340
	Add description for support of shared UP entities in E-UTRAN for EN-DC and in NG-RAN for MR-DC and NR-NR DC
	TSG-RAN #84
	

	TS 36.423
	Provide references to the offered bearer context in terms of GTP-U TEID (plus IP address) for EN-DC
	TSG-RAN #84
	

	TS 38.423
	Provide references to the offered bearer context in terms of GTP-U TEID (plus IP address) for MR-DC; signal to target node about the possibility of keeping UP resources in XnAP
	TSG-RAN #84
	

	TS 38.463
	Provide references to the offered bearer context in terms of GTP-U TEID (plus IP address) for EN-DC and MR-DC
	TSG-RAN #84
	

	TS 36.300
	Add description to support keeping the UP resources and avoiding data forwarding at handover
	TSG-RAN #84
	

	TS 38.300
	Add description to support keeping the UP resources and avoiding data forwarding at handover
	TSG-RAN #84
	

	TS 36.413
	Signal to core network that the DL UP terminations have been kept during handover
	TSG-RAN #84
	

	TS 38.413
	Signal to core network that the DL UP terminations have been kept during handover, in NGAP
	TSG-RAN #84
	


NOTE:
If this is a RAN WID including Core and Perf. part, then all new Core part specs have to be listed first and then all new Perf. part specs. Indicate "Core part" or "Perf. part" under Remarks for each spec.
If an existing spec is affected by both (Core part and Perf. part), then it has to be listed twice with appropriate approval dates.

6
Work item Rapporteur(s)
Martin Israelsson, Ericsson, martin.israelsson@ericsson.com
7
Work item leadership

RAN3
8
Aspects that involve other WGs

{Specify all the other WG(s) to be involved and, if necessary, their task. E.g.: "SA2, SA3, SA5. CT6 for storage, and potentially SA4". If not applicable, indicate "None" or "None identified yet".}

NOTE:
For RAN WIDs: Section 8 applies only toWGs outside of TSG RAN because RAN WG aspects have to be covered in section 4.

None
9
Supporting Individual Members
{At least 4 supporting Individual Members are needed. There is an expectation that these companies will provide resources to progress the work. Note that having 4 supporting companies is a necessary but not sufficient condition: the usual TSG approval process by consensus is needed for the WID approval.} 

	Supporting IM name

	Ericsson
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