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Abstract of the contribution: This P-CR discusses the various aspects of how a SGW-C selects a SGW-U, how a PGW-C selects a PGW-U, and when and how a combined SGW-U/PGW-U is selected. A way forward is proposed.
Discussion
At SA2#116, Nokia shortly presented a P-CR to 23.214 (S2-163658) that was not actually discussed. At CT4#74 meeting, Nokia presented a related discussion paper (C4-164047) that was postponed to the next meeting. However, it was commented that SA2 should specify the high level principles of UP selection in august (e.g. whether DNS and/or local configuration is used, whether a non-combined SGW/PGW-C should be capable to select a combined SGW/PGW-U, etc) but let CT4 specify then the detailed procedures. 
It was also questioned:

· whether several SGW-Us per UE is supported by eNBs.

· why would we need the UE Usage Type to select a SGW-U or/and a PGW-U.
Let us take these aspects one by one:
1- Whether DNS and/or local configuration should be used

A. DNS approach: In the Nokia previous proposal to SA2 (S2-163658), DNS was proposed for selecting the SGW-U according to the UE location and the UE Usage Type, for selecting a PGW-U according to the APN and the UE Usage Type. The DNS was also used to carry the Weight Factors for load balancing between SGW-Us and between PGW-Us. 
In CT4, DNS was not used for features requiring DNS extensions. So, it would be reasonable to have the same principle in SA2. 
Collocation and topological closeness

Per TS 29.303 clause 4.3.2," there are many use cases where it is desirable to select a collocated node in preference to a non-collocated node, or a topologically closer (with respect to the network topology) node in preference to a less topologically closer node. To easily do this action a "canonical" node name shall be employed so that the "canonical" node names from two or more sets of records can be compared to see if nodes are actually the same nodes, or topologically closer nodes." 
With canonical names, host names shall have form: <"topon" | "topoff"> . <single-label-interface-name> . <canonical-node-name>. When topon is used, the canonical node names of nodes shall be hierarchically structured and the number of labels represent how close the nodes are, in order that two topologically closest nodes are those with the longest matching suffix in their respective canonical node names. Examples are provided where "topon.S8.gw32.california.west.example.com" is closer to "topon.vip.sgw3.oregon.west.example.com" than to "topon.board3.pgw1.cluster1.net27.example.net".

The candidate list of target nodes shall give priority to collocation when applicable, then to topological matching when applicable, then to the ordering obtained by the S-NAPTR output, and then to the ordering obtained by the priority in the SRV records (when used).

Per TS 29.303 clause 4.3.3.6, SGW canonical name is used by the MME/SGSN to find SGW interfaces, and can be based on TAI/eNodeB-ID or RAI/RNC-ID. SGW node name also allows to find if an SGW node has PGW interfaces (for combined SGW/PGW case). Per TS 23.003, the TAI FQDN shall be constructed as 
"tac-lb<TAC-low-byte>.tac-hb<TAC-high-byte>.tac.epc.mnc<MNC>.mcc<MCC>.3gppnetwork.org" 
and the Global eNodeB-ID FQDN shall be constructed as 
"enb<eNodeB-ID>.enb.epc.mnc<MNC>.mcc<MCC>.3gppnetwork.org"
Hence, DNS is already adapated for SGW-U selection according to UE Location when based on TAI/eNodeB-ID or RAI/RNC-ID. No DNS extensions are required for collocation or topological closeness. 
APN

Per TS 29.303 clause 5.3, a PGW is selected by the MME using the APN FQDN, which is constructed as defined in TS 23.003 clause 19.4.2.2. No DNS extensions are required for the APN.
Weight Factor 

Per TS 29.303 clause 4A.2 and annex E.1 for SGW/PGW and in clause 4A.3 and Annex E.2 for the PGW, DNS Weight Factors are used in SGW and PGW selection processes by the MME, when SRV records are used and GTP-C load control is available. 
Annex E.1 assumes that the DNS-weight-factor is received from the DNS and "Load Metric" reported via GTP-C signalling:

Annex E.2 assumes that the DNS-weight-factor are received from the DNS and the APN-Load-metric and the APN-relative-capacity are reported via GTP-C signalling.

It would also make sense to use DNS Weight Factors in the same way for SGW-U and PGW-U selection process. No DNS extensions are required for DNS Weight Factors. 
Usage Type 

Current Rel-13 specification TS 23.003 clause 19.4.3 specify x-3gpp-pgw, x-3gpp-sgw, x-3gpp-mme services with the UE Usage Type (by appending the character string "+ue-<ue usage type>" to the 'app-protocol' name). Hence, UE Usage Type is not a new service parameter. No DNS extensions are required for UE Usage Type. 
B. 
Local configuration approach
It seems difficult to assume that ANY SGW-U configured for a particular SGW-C would be close to the user, or roughly as close to the user than any over candidate SGW-U, given the alignment of SGW-C and SGW-U serving areas. So, user location needs to be taken into account when selecting a SGW-U.

This approach implies that all SGW-C entities need to be configured with all the following characteristics of all the SGW-U entities and for all their interfaces i.e. canonical name (for topon), single-label-interface-name (e.g. Eth-0, S8, vip, board3), TAI, RAI, ECGI, RNC-ID, weight factor, UE Usage Type. 
Similarly, all PGW-C entities need to be configured with all the following characteristics of all the PGW-U entities and for all their interfaces i.e. canonical name (for topon), single-label-interface-name (e.g. Eth-0, S8, vip, board3), TAI, RAI, ECGI, RNC-ID, weight factor, UE Usage Type, APN. 

This means heavy configuration. This also implies that a simple change in any UP entity, such as the addition of a new interface to UP entity X or an addition of a cell (ECGI), will result in a coordinated change of configuration in all the CP entities. 
This also means that part of the configuration will be in DNS (for SGW-C selection by the MME/SGSN) and part of the configuration will be on the SGW-Cs (for SGW-U selection). This implies that the simple addition/removal of a cell (ECGI), which is a frequent operation, will require O&M in both DNS, in all the SGW-C and in all PGW-C. Whereas with the DNS-based selection, the addition/removal of a cell would only require a simple DNS reconfiguration.
Why is it better to configure all the CPs with the TAIs, eNBIDs, ECGIs the UPs can serve, than configuring the same info once in a DNS?
Conclusion for DNS vs Local Configuration: Because no DNS extensions are needed, and because local configuration approach has above mentioned drawbacks, we propose to agree on using DNS approach for selecting SGW-U and PGW-U. If this is not agreeable, then both DNS and configuration approaches should be permitted. 
2- Whether a non-combined SGW-C/PGW-C should be capable to select a combined SGW-U/PGW-U

Combining SGW-U and PGW-U would be useful in the SIPTO above RAN case to minimize the data path. In such case with the legacy architecture, topological naming should be employed by the MME (as specified in TS 29.303 subclause 4.3.2) to find the shortest user plane path from the SGW to the PGW based on the topological closeness. Per TS 29.303, the TAI/ECGI (resp. RAI/RNC-ID FQDN) is used in addition to the APN FQDN when selecting the PDN GW (rep. GGSN) for SIPTO above RAN enabled APN.

In the legacy non-split architecture, it is quite difficult to achieve SGW/PGW collocation for SIPTO. This is why SIPTO at Local Network, allowing a by-pass of the SGW when the UE is in connected mode (Collocated eNB/LGW) or relocating the SGW (non-collocated case), has been introduced. With the split architecture, collocating SGW-U and PGW-U is possible because SGW-C can reside in the Core Network, even with SIPTO above the RAN. This could avoid deploying SIPTO at Local Network as it is shown in the following figure for both the multi-connection case with combined PGW-C and SGW-C, and the multi-connection case with separated SGW and PGW control planes. 
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If SGW-C and PGW-C are collocated, then it is possible to select a combined SGW-U/PGW-U without any change to S5/S8 interfaces. If SGW-C and PGW-C are not collocated, then it would be possible to select a combined SGW-U/PGW-U via some parameters additions to S5/S8 interfaces, as described in S2-163658. 

So, the question is not the feasibility, but whether there are cases when collocating PGW-C and SGW-C are not possible:

-
In a scenario when the first established PDN connection is the SIPTO connection, then the MME will try to find a combined PGW-C/SGW-C. But this depends on the implementation: if the operator has deployed PDN GWs that are not capable to also operate as SGW-C, and therefore to have a combined SGW-U/PGW-U for the SIPTO connection.
-
In a scenario when the first established PDN connection is the non-SIPTO connection, then the MME may select a SGW-C that is separated from the PGW-C. In such case, a SGW relocation would be needed. Again, if the operator has deployed PDN GWs that are not capable to also operate as SGW-C, then will not be possible to have a combined SGW-C/PGW-C, and therefore to have a combined SGW-U/PGW-U for the SIPTO connection. 

In other words, having a combined SGW-U/PGW-U for SIPTO connections require the operator to deploy PGW-C that are also SGW-C. Under such condition, it is not required to select a combined SGW-U/PGW-U if SGW-C and PGW-C are not collocated, and no S5/S8 modifications are required. 
Conclusion for the selection of a combined SGW-U/PGW-U: As it could be seen as a further optimization, it is proposed to not introduce the selection of  a combined SGW-U/PGW-U if SGW-C and PGW-C are not collocated. 

3- UE Usage Type

One of the main goals of DECOR and eDECOR is to allow specific hardware/software for specific applications, differentiated by the UE Usage Type, in order to e.g. minimize the costs for the operator. 
The User Plane entities will likely be different for serving smartphones and tablets or for serving CIoT. For example, CIoT requires encapsulating the non-IP to IP tunnel, but might not require DPI and FMSS marking. It is also possible that the operator may want to have same control plane usage but different UP  based on traffic models / charging models.  
The question is whether the PGW-C entities need to be associated to a UE Usage Type or not. Letting the CP entity select the UP entity based on UE usage type may give flexibility from deployment perspective. In our view, it would be quite restrictive 
· to be obliged to deploy a PGW-C entity per UE Usage Type (or sets of UE Usage Types), as it would be more costly due to higher number of PGW-C than necessary, or

· to be obliged to have all same features in all the UPs, as it would make the UPs more costly. 
A good example is NB-IOT, where the control plane is not much changed for non-IP traffic but user plane has changed quite a bit to encapsulate the non-IP to IP tunnel.
Another example is the map service, which may be pertaining to a APN with different usage: when it is used for browsing, it can be visited from a centralized PGW-U; when it is used as navigator for V2X, it should be visited from an edge local PGW-U. It is possible to define as many APNs, but operators may not want define so many APNs, in which case the “UE usage type” based PGW-U selection provides more flexibility.
Conclusion for UE Usage Type: Since there are cases where the PGW-C can easily support multiple UE Usage Types, whereas the PGW-U would be specific to the UE Usage Type, it is proposed to use UE Usage Type for the selection of the PGW-U.
4- Other points

· About the configuration of CP and UP entities, there are discrepancies between clauses in TR 23.714. As stated in clause 6.2.1.1.4, the CP entity is not configured with the list of UP entities it can use. Instead, UP entities will connect to their CP entities with Sx setup, and each CP entity will maintain the list of UP entities having Sx established with the CP entity. UP needs to be configured with the IP address or FQDN of their CPs. This is stated in clause 6.1.1.14.1.1 (Sx steup procedure) as follows:

"Since the user plane function may be added or removed dynamically in the system and there are considerably more user plane than the control plane functions, ideally the user plane function should initiate the connection to the control plane function, for the purpose of exchange of e.g. identities of the user plane function for communication, the features supported by user plane function, etc."

This requires the user plane function to be provisioned with the identities of the control plane functions e.g. FQDN or IP address so that it can connect to the control plane function when initiating this procedure.

This issue needs more discussion and which entity discovers the others is not documented in the proposal.

Proposal

It is proposed to update TS 23.214 as follows:
5.X 
User Plane selection function

5.X.1 
General

The selection of the user plane entity (SGW-U, PGW-U, TDF-U, combined SGW/PGW-U) is performed by its respective control plane entity (SGW-C, PGW-C, TDF-C, combined SGW/PGW-C). 

The selection of user plane function shall consider user plane function deployment scenarios such as centrally located UP function and distributed UP functions located close to or at the RAN site. The selection of user plane function shall also enable deployment of UP functions with different capabilities, e.g. UP functions supporting no or a subset of optional functionalities. 

The user plane entity’s capabilities shall be signalled during the initial connection establishment between the control and the user plane entity. 

The control plane entity shall be made dynamically aware on the user plane entities load and relative static capacity  for which it has an established Sx session as specified in the subclauses below. 
The exact set of parameters used for the selection mechanism is deployment specific and controlled by the operator configuration, e.g. location information may be used for selecting user plane entity in some deployments while may not be used in other deployments.
5.x.2
PGW User Plane selection function
For PGW-U selection, the PGW-C shall be able to consider the following parameters:

-
 the PGW-U's dynamic load, at the node level (the PGW-C may then derive the load at the APN level);

-
the PGW-U's relative static capacity (among PGW-UPs supporting the same APN);

-
 the PGW-U location configured in the PGW-C in order to e.g. select the appropriate PGW-U for SIPTO above RAN service;
-
the capability of the user plane entity and the functions required for the particular UE session: An appropriate user plane entity can be selected by matching the functions and features required for an UE (which can be derived from the information received over S11/S4/S5/S8 (e.g. APN, mapped UE Usage Type, UE location information) or from the PCRF (e.g. need to perform DPI)) with the capabilities of the user plane entity so as to fulfil the service for the UE, e.g. if L7 based traffic detection is needed then an user plane entity supporting corresponding function needs to be selected. 

-
to enable APN-AMBR enforcement, whether a PDN connection already exists for the same UE and APN, in which case the same PGW-UP shall be selected;

The criteria for PGW-U selection may include load balancing between PGW-Us. 
The PGW-C may support the Sx Load Control feature.
In order to allow the PGW-C to select a PGW-U according to above parameters, 

-
the SGW-CP may provide the mapped UE Usage Type; 
5.x.3
Serving GW User Plane selection function
For SGW-U selection, the SGW-C shall be able to consider the following parameters:

-
the location of the UE, provided by the MME/SGSN. The SGW-U selection function uses these parameters based on PGW-C configuration to select an user plane entity close to the UE's point of attachment;
-
the SGW-UP's dynamic load;

-
the SGW-UP's relative static capacity (versus other SGW-UPs);

-
the capability of the user plane and the functions required for the particular UE session: An appropriate user plane entity can be selected by matching the functions and features required for an UE (which can be derived from the information received over S11/S5 (e.g. individual CIoT capabilities, UE Usage Type, the APN (for selection of combined SGW/PGW)) with the capabilities of the user plane entity so as to fulfil the service requirement for the UE then a user plane entity supporting corresponding function needs to be selected. 
The criteria for SGW-U selection may include load balancing between SGW-Us. 
The SGW-C may support the Sx Load Control feature. 
NOTE:   How Weight Factors can be used in conjunction with Load Information received via Sx control plane signalling is left up to Stage 3. 
In order to allow the SGW-C to select a SGW-U according to the above parameters, 

-
 the MME/SGSN shall provide the location of the UE (i.e. ECGI, eNB or TAI for E-UTRAN, and RAI or RNC-ID for UTRAN), the APN (for selection of a combined SGW/PGW) and may provide the UE Usage Type in the Create Session Request;

5.x.4
Selection of a combined SGW/PGW-U 
A combined SGW /PGW-C entity selects the SGW-U and PGW-U as defined respectively in clauses 5.x.3 and 5.x.4, with the following addition:
· The SGW-C determines that it is a combined SGW/PGW-C entity the same way as in the non-split case; 
· The combined SGW/PGW-C entity may optimize UP function selection by selecting the best couple of SGW-U and PGW-U for the requested APN, among all candidate couples of (SGW-U, PGW-U), instead of selecting independently the SGW-U first and then the PGW-U (which may result in selecting non-colocated SGW-U and PGW-U).

5.x.5
Selection of TDF-U 

TDF-C shall select TDF-U at PDN connection establishment (TDF session establishment). 

The selection may be based on the following parameters:

-
the TDF-U's dynamic load;

-
the TDF-U's relative static capacity;

-
the capability of the user plane entity and the functions and the capabilities required for the particular UE session: An appropriate user plane entity can be selected by matching the functions and features required for the UE from the PCRF.
The criteria for TDF-U selection includes load balancing between TDF-Us. 
The TDF-C may support the Sx Load Control feature. 
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