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Abstract of the contribution: This paper analyses different deployment options, whether “service areas” are needed and implications on 5G procedures. 
Introduction

At the last couple of SA2 meetings it has been discussed to define “UPF Service Areas” and “SMF Service Areas” but the motivation and use of the concepts in 3GPP standards have not been very clear. In this paper we analyse this topic.
The outline of this paper is to identify different deployment options and then analyse the consequences on the 5G procedures and concepts. Finally, a way forward is proposed.

Discussion

Do we need UPF Service Areas?

There are different drivers for relocating and/or inserting a UPF for a PDU Session:
X) 
To support mobility where a target (R)AN has no N3 connectivity to the UPF holding the previous N3 connection for the active PDU Session(s);
Y) 
Optimization of anchor UPF location (e.g. when using SSC modes 2 and 3) or addition of local-breakout N6 interfaces to access local content (e.g. using UL-L and IPv6 multi-homing functionality). 
For use case Y), addition/removal of intermediate UPF(s), or triggering of UPF anchor relocation for SSC modes 2 and 3, can consider UE location etc. as part of the UPF relocation criteria, which can be performed using SM procedures separately from MM procedures. For these cases there is no need to define any standardised “UPF Service Area” . The decision and selection of when to trigger SSC mode procedures, or add/remove intermediate UPFs for local breakout, is based on operator deployments and configurations. 

Whether use case X) is needed depends on the network deployment. There are two basic options:

Case 1) 
There is a “full mesh” N3 connectivity in the PLMN between all (R)AN and N3IWF nodes and UPFs

Case 2) 
N3 connectivity is limited so that a (R)AN or N3IWF node has connectivity only to a subset of the UPFs in the PLMN. Such limitation may be due to administrative reasons, legal, SLA requirements, cost etc.
For case 1), a UPF having the N3 connection for a PDU Session can serve the UE in the whole PLMN. There is thus never a type X) driver for relocating such UPF. (This does not exclude that there may be reasons part of use case Y.)
Observation 1: In case there is “full mesh” N3 connectivity, there is no need for insertion/relocation of an intermediate UPF during MM procedures.

To discuss case 2), it is useful to introduce the concept of UPF Service Area (UPF SA): 

> 
Definition: “UPF Service Area”: Area where connectivity with (R)AN nodes exist; i.e, a UE can move between these (R)AN nodes without changing UPF. 
If we want to support PDU Session continuity with preservation of the “anchor” UPF when the UE leaves a UPF SA, there is a need to add and remove intermediate UPFs during e.g. handover, as illustrated in the figure below

[image: image6.png]Cl)  [sur SVIF Q) SMF SMF
I
[urr T [ uer J
uer | Luee J ok || [ uer
(RJAN/N3IWF (RIAN/N3IWF
DY) [“smr SMF_ b2) SMF SMF
[ oer | | wer ) ‘IUPF | /_IUPF J e 1 [ uer

(R)AN/N3IWF

(R)AN/N3IWF

SMF Service Area
UPF Service Area





Observation 2: Whether there is a need to define “UPF Service Area” concept as part of the standard depends on whether we can assume “full mesh” N3 connectivity in a PLMN or not. Only for the case without full mesh there is a need to define “UPF Service Areas.

Observation 3: If “full mesh” N3 cannot be assumed, there is a need to add/remove intermediate UPFs in MM procedures, e.g. during handover.
Do we need SMF Service Areas?
There are two basic alternatives to consider: 
C)
Each SMF is serving the whole PLMN, i.e. it can interact with UPF(s) that cover the whole PLMN. There are two variants of this alternative:

C1)
The SMF connects to UPF(s) serving the full PLMN (case 1 above).
C2) 
The SMF connects with multiple UPFs, each UPF serving only a subset of the PLMN (case 2 above) but together the UPFs cover the whole PLMN. By selecting UPF based on UE location, the SMF can thus serve the whole PLMN. 
D) 
Each SMF is only serving a subset of the PLMN. Also here there are two variants:

D1)
The SMF connects to UPFs serving the full PLMN (case 1 above) but the SMF has for other (e.g. administrate) reasons been restricted from serving the whole PLMN
D2) 
The SMF connects to UPF(s), each UPF serving only a subset of the PLMN (case 2 above) but together the UPFs do not cover the whole PLMN.

The figure below illustrates the different cases. 
For now we choose to disregard case D1. It is not clear whether it is a relevant deployment option.
For cases C2 and D2 no SMF Service Area has been illustrated since it can be done in different ways; either the SMF SA is defined as the total coverage area of the SMF, or SMF is logically divided into multiple SMF SA, one per UPF SA.
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Figure 1. Alternative deployments

Relation to MM procedures

Analysing the three different variants (C1, C2 and D2) in relation to MM procedures:
- 
With C1 it is possible to decouple MM procedures (e.g. service request, handover) from SMF selection/reselection and addition/removal of intermediate UPFs. There should thus be no need to define SMF Service Areas or UPF Service Areas as part of the standard. It should be noted that SMF and/or UPF changes can still be done based on e.g. SSC mode procedures, local breakout using UL-CL and IPv6 multi-homing etc., but the standard should not define the exact trigger conditions for those.

Observation 4: If we can assume that each SMF and each UPF can serve the whole PLMN (case C1), there is no need to define “UPF Service Area” and “SMF Service Area” concepts in the standard.

-
With C2, each SMF can serve the full PLMN and there should never be a need for adding an intermediate SMF for a PDU Session. However, there would be a need for adding/removal intermediate UPFs in case the UE moves out of an UPF Service Area. It can be noted that UPF relocation is already captured in the handover procedure in 23.502.  

-
D2 has a further limitation compared to C2, since each SMF is only connected to UPF(s) covering a subset of the PLMN. There would thus be a need for inserting an intermediate SMF and UPF in case the UE moves out of the SMF coverage. As in C2 there is also a need for adding/removing intermediate UPFs when moving from one UPF SA to another within coverage of a single SMF. 
To support D2 deployments, there would thus be a need to support procedures for inserting or relocating an intermediate SMF and UPF for the PDU Session. This also includes inserting a new SMF for a PDU Session that is handled by a single SMF (basically going from non-roaming architecture with single SMF to a “home-routed roaming like” architecture with vSMF and hSMF), as illustrated in the figure below.
It can be noted that mobility from non-roaming architecture (single SMF+UPF) to a home-routed roaming architecture (double SMF+UPF) anyway is needed in case inter-PLMN handovers are to be supported. 


[image: image3]
Observation 5: If we have limited UPF coverage area (C2, D2), there will be a need to insert (or relocate) intermediate UPF when moving outside of UPF coverage to preserve the PDU Session.
Observation 6: If we have limited SMF coverage area (D1, D2), there will be a need to insert (or relocate) SMF when moving outside of SMF coverage to preserve the PDU Session. 

Consequences due to limited SMF and/or UPF coverage

The deployment variants that should be supported will have impact on the procedures and solutions in 5G. If SA2 concludes that cases C2 and/or D2 can apply, there will be an impact on MM procedures. Several different solution options can be considered:
C2 type of deployments
During handover, insertion/relocation of intermediate UPF must be supported as part of handover procedures. This can be triggered by the SMF without impact to AMF, as described in the handover procedure in 23.502, clause 4.9.1.2.

However, in some MM procedures, in particular Service Request (SR), UPF insertion/relocation is (currently) not supported. This means that when UE makes SR in a gNB it must be assumed that N3 connectivity is possible between that gNB and the old UPF. If a UE reachability area (TA List) extends beyond the UPF Service Area for the PDU Session, the UE may end up doing a SR at a gNB without N3 connectivity to the old UPF. There are different means to address this:

Solution option U1: Ensure that UPF Service Areas are covering AMF pool areas.

In this option the AMF pool area borders are aligned with the UPF SA borders. In doing so, the only time UPF insertion/relocation is needed is during inter-AMF change. This ensures that an AMF can create any TA List within its coverage area.

Pros:
- Small impact to procedures. Only procedures with AMF change need to consider UPF insertion/relocation. 

Cons:
- Limitations to deployment options due to requirement to align AMF pool areas with UPF service areas. In case UPF SAs are small it would put severe restriction on AMF pool deployments. 

Solution option U2: Allow UPF insertion/relocation also in Service Request and other relevant MM procedures

Pros: 
- Avoids the need to correlate UPF Service Areas with reachability areas. 

Cons:
- Added complexity in MM procedures
- The delay during SR will increase, but only in case UPF insertion/relocation is needed

Solution option U3: AMF takes the UPF Service Area(s) into account when defining the reachability area (TA List). 

In this solution the AMF must ensure that all TAs in the TA List are belonging to the UPF Service Area for the UPF that had the N3 connection. This ensures that when the UE makes SR it can be served by the old UPF. This can be solved in different ways but one option is to do a similar solution as for CUPS by logically dividing each SMF into separate “logical” SMFs, one per UPF Service Area. (see TS 23.214). The AMF would then do SMF selection based on the current TA to determine if a new “logical” SMF is needed.
Pros:
- Avoids UPF insertion/relocation in SR

Cons:
- Dependency introduced between UPF SA and TA List
- More complex compared to EPC/CUPS since in 5G CN the UE may have multiple PDU Sessions with different and independent UPF SA (since there is no SGW common to all PDU Sessions)

Solution option U4: Disconnect the PDU Session when UE makes SR outside of UPF SA

In this option the SMF notifies the UE that the PDU Session is terminated when the UE makes SR outside the UPF SA, and the UE would then have to re-establish it. When re-establishing the PDU Session a new UPF is allocated for the UE. This option may work for PDU Sessions with SSC mode 2.  In case UPF SAs are large and/or crossing of UPF SAs are very unlikely it may be acceptable for other cases as well, but e.g. for voice services such a systematic disconnection within a PLMN does not seem acceptable as a general solution. 

D2 type of deployments
With D2, the same solutions as above apply for the case of UPF relocation within the coverage of an SMF. In addition, also SMF insertion/relocation must be considered. Basically similar solutions as for C2 applies but with insertion/relocation of an intermediate SMF. The pros and cons are a bit different when it comes to SMF as it can be assumed that an SMF Service Area is typically larger than an UPF Service Area 
Solution option S1: Ensure that SMF Service Areas are covering AMF pool areas.

In this option the AMF pool area borders are aligned with the SMF SA borders. In doing so, the only time SMF insertion/relocation is needed is during inter-AMF change. 

Pros:
- Small impact to AMF and procedures. Only procedures with AMF change need to consider SMF insertion/relocation. 

Cons:
- Limitations to deployment options due to requirement to align AMF pool areas with SMF service areas. This may however be reasonable in case it can be assumed that AMF and SMF coverage area are similar. 
It can be noted that the same solution does not have to apply for leaving an UPF SA within one SMF, and leaving an SMF SA. It is e.g. possible to assume that one of solutions U1 or U2 apply for leaving an UPF SA, but when leaving an SMF SA solution S3 apply. 

Solution option S2: Allow SMF insertion/relocation in relevant MM procedures, e.g. handover, Service Request, periodic registration etc.

Pros: 
- Avoids the need to correlate UPF Service Areas with reachability areas. 

Cons:
- Added complexity in MM procedures
- The delay during SR will increase, but only in case insertion/relocation of intermediate SMF is needed

Solution option S3: AMF takes the SMF Service Area into account when defining the reachability area (TA List). 

This solution is similar to solution S-1 but in addition insertion/relocation of intermediate SMF must be supported in handover procedures.

Pros:
- Avoids UPF insertion/relocation in SR

Cons:
- Dependency introduced between SMF SA and TA List

Solution option S4: Disconnect the PDU Session when UE moves outside of the SMF SA

Similar considerations as for solution U4 applies but with SMF SAs. The solution has impact on the user experience, but in case SMF SAs are large and/or crossing of SMF SAs are very unlikely this may be acceptable. It is questionable however if it can be used as a general solution.
Conclusions

Taking the analysis above into account we make the following conclusions:

-
Case C1 (full coverage of all SMFs and UPFs) is simplest and allows a clean split between MM and SM procedures, but it is unlikely to be possible in all deployments.
-
Case C2 seems a reasonable scenario to support in case it cannot be agreed to limit deployments to C1. As for solutions, the solution U1 based on configuration is always possible, and is a way to ensure that AMF does not need to take UPF SAs into account when creating TA List for a UE. It is proposed that SA2 discusses whether further solutions are needed, e.g. to avoid having to align UPF SAs with AMF pool areas. In that case solution U2 seems preferable. 
-
Case D2 is more flexible than C2 but adds complexity in terms of inserting/relocating intermediate SMFs as part of handover procedures, etc. It is proposed that SA2 discusses whether such scenario needs to be supported or whether it can be assumed that each SMF can serve the whole (R)AN/N3IWF of the PLMN. In case scenario D2 is to be supported in some way, solution option S1 seems preferable in order to reduce the complexity and delay during MM procedures. This would also align with inter-PLMN handover scenarios since they would also require an AMF change. 
In the proposal below only the solution U1 (configuration based) is added to 23.501. An Editor’s note with an FFS on additional solutions is added since discussion on further solutions is expected. Based on the discussion at the meeting, additional PCRs may be needed to future meetings.
Proposal

It is proposed to update TR 23.501 as follows:

**** First Change ****
3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

5G Access Network: An access network comprising a 5G-RAN and/or non-3GPP AN connecting to a 5G Core Network.
5G Core Network: The core network specified in the present document. It connects to a 5G Access Network.

5G QoS Flow: The finest granularity for QoS forwarding treatment in the 5G System. All traffic mapped to the same 5G QoS Flow receive the same forwarding treatment (e.g. scheduling policy, queue management policy, rate shaping policy, RLC configuration, etc.). Providing different QoS forwarding treatment requires separate 5G QoS Flow.
5G QoS Indicator (5QI): A scalar that is used as a reference to a specific QoS forwarding behaviour (e.g. packet loss rate, packet delay budget) to be provided to a 5G QoS Flow. This may be implemented in the access network by the 5QI referencing node specific parameters that control the QoS forwarding treatment (e.g. scheduling weights, admission thresholds, queue management thresholds, link layer protocol configuration, etc.).
5G-RAN: A radio access network that supports one or more of the following options with the common characteristics that it connects to 5GC:

1)
Standalone New Radio.

2)
New Radio is the anchor with E-UTRA extensions.

3)
Standalone E-UTRA.

4)
E-UTRA is the anchor with New Radio extensions.

Editor's note:
The definition will be revisited after RAN decision on 5G-RAN.

5G System: 3GPP system consisting of 5G Access Network (AN), 5G Core Network and UE.
Allowed area: Area where the UE is allowed to initiate communication as specified in clause 5.3.2.3.

Forbidden area: An area where the UE is not allowed to initiate communication as specified in clause 5.3.2.3.

Initial Registration: UE registration in RM-DEREGISTERED state as specified in clause 5.3.2.
Mobility pattern: Network concept of determining within an NF the UE mobility parameters as specified in clause 5.3.2.4.

Mobility Registration update: UE re-registration when entering new TA outside the TAI List as specified in clause 5.3.2.
Network Function: A 3GPP adopted or 3GPP defined processing function in a network, which has defined functional behaviour and 3GPP defined interfaces.

NOTE 2:
A network function can be implemented either as a network element on a dedicated hardware, as a software instance running on a dedicated hardware, or as a virtualised function instantiated on an appropriate platform, e.g. on a cloud infrastructure.
Non-allowed area: Area where the UE is allowed to initiate registration procedure but no other communication as specified in clause 5.3.2.3.
PDU Connectivity Service: A service that provides exchange of PDUs between a UE and a Data Network.

PDU Session: Association between the UE and a Data Network that provides a PDU connectivity service. The type of association can be IP, Ethernet or unstructured.
Periodic Registration update: UE re-registration at expiry of periodic registration timer as specified in clause 5.3.2.

Service Continuity: The uninterrupted user experience of a service, including the cases where the IP address and/or anchoring point change.
Session Continuity: The continuity of a PDU session. For PDU session of IP type "session continuity" implies that the IP address is preserved for the lifetime of the PDU session.
Non-seamless Non-3GPP offload: The offload of user plane traffic via untrusted non-3GPP access without traversing either N3IWF or UPF.
UPF Service Area: A UPF Service Area is defined as an area within which the UE can be served by (R)AN nodes without the need to change the UPF. UPF Service Area consist of one or more complete Tracking Areas.

**** Next Change ****
5.3.2.3
Registration Area management

Registration Area management comprises the functions to allocate and reallocate a Tracking Area Identity List to a UE. All the tracking areas in a TAI List to which a UE is registered are served by the same serving AMF.
When a UE registers with the network, the AMF allocates a set of tracking areas in TAI List to the UE. When the AMF allocates registration area, i.e. the set of tracking areas in TAI List, to the UE it may take into account various information (e.g. Mobility Pattern and Allowed/Non-allowed area (refer to 5.3.4.1)).

NOTE: 
The network deployment can ensure that each UPF Service Area is covering one or more complete AMF service areas to avoid the need to relocate the UPF during Service Request procedure. 

Editor’s note: Impact to support scenarios where UPF SA are not aligned with AMF service areas is FFS. 

The 5G system shall support allocating a TAI List over different 5G-RATs in a single TAI List.
**** End of Changes ****
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