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1. Reason for Change
CT4 is responsible for the stage 3 specifications for the SGW and PGW selection functions (TS 29.303) and for the GTP protocol over S11/S4 and S5/S8.

With the separation of the Control Plane and User Plane of the SGW and PGW, CT4 needs to study and specify: 

a) the potential impacts on the CP selection function;

b) the new UP selection function;

c) how to support SIPTO scenarios;

d)  the potential impacts on the GTP S11/S4 and S5/S8 interfaces; 

e) the potential impacts and limitations in scenarios where a split SGW or PGW co-exist with a non-split SGW or PGW.
2. Conclusions

This pCR documents the key issues for CP and UP selection and proposes corresponding solutions. 

4. Proposal

It is proposed to agree the following changes to 3GPP TR 29.8de v0.0.0.
* * * First Change * * * *

2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[2]
3GPP TR 23.714: "Study on control and user plane separation of EPC nodes".
[x]
3GPP TS 29.303: "Domain Name System Procedures; Stage 3".
* * * Next Change * * * *

X
CP and UP selection functions

X.1
Introduction

CT4 is responsible for the stage 3 specifications for the SGW and PGW selection functions (TS 29.303) and for the GTP protocol over S11/S4 and S5/S8.

With the separation of the Control Plane and User Plane of the SGW and PGW, CT4 needs to study and specify: 

a)
the potential impacts on the CP selection function;

b)
the new UP selection function;

c)
how to support SIPTO scenarios;

c)
the potential impacts on the GTP S11/S4 and S5/S8 interfaces; 

d)
the potential impacts and limitations in scenarios where a split SGW or PGW co-exist with a non-split SGW or PGW.

X.2
Overview of existing selection functions 

The SGW and PGW selection functions are specified in 3GPP TS 29.303 [x].  They rely on the following main principles:

1)
the MME/SGSN selects the SGW considering: 

-
the user 's location (ECGI, eNodeB ID or TAI for E-UTRAN, RAI or RNC-ID for UTRAN);

-
the UE Usage Type (for DECOR); 

-
the SGW's dynamic load (with GTP load control);

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

-
the SGW's CIoT capabilities (for CIoT);

-
SIPTO criteria (for SIPTO, see further down);

-
whether the UE has already a PDN connection, in which case the same SGW shall be selected.

2)
the MME/SGSN selects the PGW considering: 

-
the requested APN (for the PDN connection);

-
the UE Usage Type (for DECOR); 

-
the PGW's dynamic load, at the node level and/or at the APN level, (with GTP load control);

-
the PGW's relative static capacity (versus other PGWs);

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

-
the PGW information (static or dynamic PGW) received from the HSS, if any, and whether a static IPv4 address and/or a static IPv6 prefix is assigned as part of the subscription data in the HSS;

-
the PGW (PGW address or FQDN) configured in the Emergency Configuration Data, for emergency PDN connections.

3)
For non-roaming scenarios, when it is preferred to select a collocated node or a topologically closer node (i.e. when using "topon" as the first label of canonical node names in the DNS), the MME/SGSN gives precedence to collocation of SGW and PGW, then to topological closeness (i.e. pairs of SGW and PGW with canonical node names with the highest number of matching labels) and then to S-NAPTR ordering. This requires the MME/SGSN to evaluate first the topological closeness of all the possible combinations of candidate SGWs (for the user's location) and PGWs (for the requested APN) before selecting the best matching (SGW, PGW) couple. 

 4)
For SIPTO

-
above the RAN: the SGW is selected based on the user's location and the S-NAPTR ordering; topological closeness is then used to find the closest PGW to the selected SGW;

-
at the local network with LGW collocated with the (H)(e)NB: the MME/SGSN uses the LGW address proposed by the (H)(e)NB in S1AP/RANAP to select the PGW. The SGW remains in the CN, i.e. collocation of SGW and LGW is not applicable;

-
at the local network with stand-alone GW (LGW collocated with SGW): the MME/SGSN selects the SGW in the local network using the Local (H)(e)NB Network ID provided by the (H)(e)NB in S1AP/RANAP. Topological closeness should be employed to find a collocated LGW.

5)
Depending on the procedures, the MME/SGSN may need to select both an SGW and PGW (e.g. E-UTRAN Attach), or only an SGW (e.g. TAU with SGW change) or only a PGW (e.g. UE requested PDN connectivity).

Editor's Note: this subclause needs to be further expanded with the TDF selection principles.

X.3
CP selection function (with CUPS)

X.3.1
Introduction

Per the stage 2 requirements for CUPS (see 3GPP TR 23.714 [2]):

1) 
The SGW-C and PGW-C selection function shall re-use the existing SGW and PGW selection functions;

2)
The service area of an SGW-C entity shall be aligned with the service area of the corresponding SGW-U entities; all the SGW-U entities in the service area has a full meshed connectivity with all the eNBs of TAs served by that service area. See Figure X.3.1-1 (from 3GPP TR 23.714 [2]).
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Figure X.3.1-1: SGW-C is partitioned (no MME impact)

This implies that the SGW-C still needs to be selected considering the user's location. 

Besides, there shall still be at most one SGW-C per subscriber (like there is at most one SGW per subscriber without CUPS). 

X.3.2
Solutions

X.3.2.1
Solution CPSel 1 - Reuse existing SGW and PGW selection principles for SGW-C and PGW-C selection
As required by stage 2, it is proposed to specify that SGW-C and PGW-C selection shall follow the same principles as those specified for SGW and PGW selection without CUPS. All the principles and criteria recalled in subclause X.2 shall be supported without any change. The following additional considerations apply though:

1)
There should be much fewer SGW-C and PGW-C entities than there are non-split SGWs and PGWs, thus the DNS provisioning for SGW-C and PGW-C should be simplified (compared to the existing DNS provisioning for non-split SGW and PGW) and the MME/SGSN overhead for SGW and PGW selection should be minimized (the same applies to the TWAN/ePDG for the PGW selection).

2)
The SGW and PGW dynamic load reported over GTP to the MME/SGSN (and TWAN/ePDG  for the PGW load) should take into account the operating status of the CP and UP resources. See clause 6 for details on how the CP obtains information on the UP load over the Sx interface.

3)
For DECOR, 

-
an SGW-C or PGW-C entity should be declared in DNS as dedicated to certain UE usage types if the CP entity is dedicated to certain UE usage types or if all the UP entities it controls are dedicated to certain UE usage types. In that case, the CP entity should be provisioned in DNS with all the UE usage types the SGW-C and its SGW-U can support. 

-
If the SGW-C supports any UE usage type and if it supports at least one UP entity supporting any UE usage type, then the SGW-C should not be provisioned in DNS with any UE usage type. The MME/SGSN shall still though pass the UE usage type to the SGW-C to enable the SGW-C to select a UP entity dedicated to the requested UE usage type (see subclause X.4). 

4)
For SIPTO, 

-
above the RAN: the SGW-C is selected based on the user's location and the S-NAPTR ordering; topological closeness is then used to find the closest PGW-C to the selected SGW-C;

-
at the local network with LGW collocated with the (H)(e)NB: CUPS is not intended for this scenario. The PGW (PGW-C and PGW-U) shall be collocated with the (H)(e)NB and the existing SGW/PGW selection principles are reused without any modification;  

Editor's Note: It is FFS whether CUPS applies at all to SIPTO at the local network with LGW collocated with the (H)(e)NB.

-
at the local network with stand-alone GW (LGW collocated with SGW): CUPS is not intended for this scenario and the existing SGW/PGW principles are reused without any modification. The SGW (SGW-C and SGW-U) and the PGW (PGW-C and PGW-U) shall be selected in the local network using the Local (H)(e)NB Network ID provided by the (H)(e)NB in S1AP/RANAP (for the SGW) and topological closeness (for the PGW). 

X.4
UP selection function (with CUPS)

X.4.1
Introduction

New selection functions for SGW-U, PGW-U and TDF-U need to be specified for CUPS.

The following requirements apply for the selection of the UP entity:

1)
The SGW-C, PGW-C and TDF-C are responsible for the selection of the SGW-U, PGW-U and TDF-U respectively.

2)
 A Combined SGW-C and PGW-C function shall be able to select a combined SGW-U and PGW-U entity. This shall be possible for all the UE's PDN connections, as shown in Figire X.4.1-1 (copied from 3GPP TR 23.714 [2]).
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Figure X.4.1-1: SGW-U/PGW-U colocation in C/U separated environment
3)
 A non-combined SGW-C and PGW-C function should also be able to select a combined SGW-U and PGW UP entity. As an option, the SGW-C may check that the UP entity selected as SGW-U supports the requested APN; when doing so, the SGW-C may suggest then a preferred PGW-U to the PGW-C (in the Create Session Request message over S5); if the SGW-C selects a UP entity which happens to not support the requested APN, the PGW-C has no other choice than selecting a different PGW-U entity.

NOTE:
An SGW-C suggestion for a preferred PGW-U entity also serves as an indication to the PGW-C that the SGW-C has checked that the proposed UP supports the requested APN, and therefore that the PGW-C does not need to repeat such a check. 

4)
The SGW-C selects the SGW-U considering: 

-
the user 's location (ECGI, eNodeB ID or TAI for E-UTRAN, RAI or RNC-ID for UTRAN);

-
the SGW-U's capabilities (e.g. individual CIoT capabilities) and the capabilities required for the particular UE session to establish;

-
the UE Usage Type (for DECOR); 

-
the SGW-U's dynamic load;

-
the SGW-U's relative static capacity (versus other SGW-Us);

-
SIPTO criteria (for SIPTO, see further down);

-
whether the UP entity supports the requested APN (optional).

5)
The PGW-C selects the PGW-U considering: 

-
the requested APN (for the PDN connection);

-
the PGW-U's capabilities (e.g. DPI) and the capabilities required for the particular UE session to establish;

-
the UE Usage Type (for DECOR); 

-
the PGW-U's dynamic load, at the node level and/or at the APN level, (with GTP load control);

-
the PGW-U's relative static capacity (versus other PGW-Us);

-
whether a PDN connection already exists for the same UE and APN, in which case the same PGW-U shall be selected;

-
the preferred PGW-U possibly suggested by the SGW-C (optional);

-
Emergency Configuration Data possibly configured in the PGW-C for emergency PDN connections (e.g specific PGW-Us dedicated to emergency services). 

6)
For non-roaming and LBO scenarios, when it is preferred to select a collocated node or a topologically closer node, the SGW-C and PGW-C gives precedence to collocation of SGW-U and PGW-U, then to topological closeness (i.e. pairs of SGW-U and PGW-U with canonical node names with the highest number of matching labels).

7)
For SIPTO

-
above the RAN: the SGW-C selects an SGW-U based on the user's location and the S-NAPTR ordering; topological closeness is then used to find the closest PGW-U to the selected SGW-U.

8)
Depending on the procedures, the SGW-C and PGW-C may need to select both an SGW-U and PGW-U (e.g. E-UTRAN Attach), or only an SGW-U (e.g. TAU with SGW change).

X.4.2
Solutions

X.4.2.1
Solution UPSel 1 – Selection of SGW-U based on DNS and information signalled at Sxa session setup
The SGW-C keeps the list of SGW-Us with an Sxa session set up.

The following information is received from each SGW-U entity during the setup of the Sxa session:

-
the SGW-U Node ID; 

-
the SGW-U's capabilities (e.g. individual CIoT capabilities);

-
the SGW-U's dynamic load;

and optionally:

-
the SGW-U's relative static capacity (versus other SGW-Us);

-
the UE Usage Type (for DECOR); 

NOTE 1:
The SGW-U Node ID may take the form of a canonical node name to allow the selection of a SGW-U and PGW-U with the best topological match, when the SGW-C does not perform any DNS query for the SGW-U selection.

NOTE 2:
A PLMN can comprise a large number of UP entities, and these entities can be instantiated dynamically (scale-in/scale-out) in function of the user plane traffic. Signalling the UE Usage Type (for DECOR) via the Sx signalling interface enables to much simplify the DNS provisioning and to support DECOR  without DNS impacts (for the UP selection).

Based on local policy, if the user's location information is required to be used for selecting the UP entity, the SGW-C retrieves the list of candidate SGW-Us using new DNS procedures taking into account the  user 's location (ECGI, eNodeB ID or TAI for E-UTRAN, RAI or RNC-ID for UTRAN). If none of them has an Sx session setup, the SGW-C selects the SGW-U ignoring the user's location. 

Then the SGW-C selects, among the candidate SGW-U entities, an SGW-U entity which supports all the capabilities required for the particular UE session, considering the information received at the Sx session setup.

In non-roaming or LBO scenarios where the PGW-U is already selected (e.g. TAU with SGW change) and when it is preferred to select a collocated node or a topologically closer node, i.e. when such preference is signalled in the Create Session Request or in the canonical node name of the candidate SGW-U entities, the SGW-C tries to select first an SGW-U collocated  with the PGW-U. This requires the MME/SGSN to provide the PGW-U Node ID to the SGW-C. 

As an option, in non-roaming or LBO scenarios where the PGW-U is not yet selected, the SGW-C may check that the UP entity selected as SGW-U supports the requested APN.

GTP impacts: 

-
S11/S4: 

a)
the MME/SGSN shall provide the ECGI, eNodeB ID and TAI in the Create Session Request (all scenarios).

b)
the MME/SGSN shall provide the UE Usage Type in the Create Session Request (all scenarios).

c)
the MME/SGSN shall provide the PGW-U Node ID in the Create Session Request (TAU, RAU or Handover with SGW change).

d)
the MME/SGSN shall indicate whether it is preferred to select a collocated node or a topologically closer node, e.g. for SIPTO above the RAN.

-
S5/S8 and S11/S4:


a)
The PGW-C should return the PGW-U Node ID in the Create Session Response.

X.4.2.2
Solution UPSel 2 – Selection of PGW-U based on DNS and  information signalled at Sxb session setup
The PGW-C keeps the list of PGW-Us with an Sxb session set up.

The following information is received from each PGW UP entity during the setup of the Sxb session:

-
the PGW-U Node ID;
-
the PGW-U's capabilities (e.g. individual CIoT capabilities);

-
the PGW-U's dynamic load;

and optionally:

-
the PGW-U's relative static capacity (versus other PGW-Us);

-
the UE Usage Type (for DECOR); 

NOTE:
A PLMN can comprise a large number of UP entities, and these entities can be instantiated dynamically (scale-in/scale-out) in function of the user plane traffic. Signalling the UE Usage Type (for DECOR) via the Sx signalling interface enables to much simplify the DNS provisioning and to support DECOR  without DNS impacts (for the UP selection).

If the PGW-C already assigned a PGW-U to the UE for the requested APN (e.g. handover scenario or UE with multiple PDN connections to the same APN), the PGW-C shall select the same PGW-U for the new PDN connection.

If a non-null IPv4 address and/or a IPv6 prefix is received in the PDN Address Allocation (PAA) IE in the Create Session Request, e.g. static address assignment in the user subscription, the PGW-C shall select a PGW-U which enables to allocate the requested UE's IP address to the PDN connection.

The PGW-C may select specific PGW-Us for emergency PDN connections, based on local configuration. 

Otherwise, the PGW-C retrieves the list of candidate PGW-Us using new DNS procedures taking into account the  requested APN. If none of them has an Sx session setup, the PGW-C rejects the establishment of the PDN connection. 

Then the PGW-C selects, among the candidate PGW-U entities, a PGW-U entity which supports all the capabilities required for the particular UE session, considering the information received at the Sx session setup.

In non-roaming or LBO scenarios, when it is preferred to select a collocated node or a topologically closer node, i.e. when such preference is signalled in the Create Session Request or in the canonical node names of the PGW-U entities in the DNS (using "topon" as the first label of canonical node name), the PGW-C shall give precedence to collocation of SGW-U and PGW-U, then to topological closeness (i.e. pairs of SGW-U and PGW-U with canonical node names with the highest number of matching labels). This requires the SGW-C to provide the SGW-U Node ID to the PGW-C. 

If the SGW-C provided a preferred PGW-U (in the Create Session Request message over S5, the PGW-C need not check that the proposed UP supports the requested APN. However the PGW-C remains responsible for selecting the PGW-U and the PGW-C may select a different PGW-U than the PGW-U preferred by the SGW-C.

GTP impacts: 

-
S5/S8: 

a)
the SGW-C shall provide the UE Usage Type in the Create Session Request (all scenarios).

b)
the SGW-C shall provide the SGW-U Node ID in the Create Session Response (during a PDN connection establishment).

c)
the SGW-C may indicate that it is preferred to select a collocated node or a topologically closer node, e.g. for SIPTO above the RAN.

d)
the SGW-C may provide a Preferred PWG-U Node ID in the Create Session Request (during a PDN connection establishment).

-
S2a/S2b: 

a)
the TWAN or ePDG may provide a Preferred PGW-U Node ID in the Create Session Request (during a PDN connection establishment) to enable to select a PGW-U collocated or close to the ePDG or TWAG.

X.4.2.3
Solution UPSel 3 – Selection of a combined SGW/PGW-U by a combined SGW/PGW-C entity
A combined SGW/PGW-C entity selects the SGW-U and PGW-U as defined respectively in Solution UPSel1 and UPSel 2, with the following additions. 

The combined SGW/PGW-C entity shall select the best couple of SGW-U and PGW-U, for the requested APN, among all candidate couples of (SGW-U, PGW-C), according to the requirements specified in the above solutions, 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).

X.5
Potential impacts and limitations with co-existence of entities not supporting CUPS 

X.5.1
Introduction
The following scenarios need to be considered. 

1)
Split SGW interfacing a non-split PGW; 
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Figure X.5.1-1: Split SGW interfacing a non-split PGW
This deployment results in the SGW-U and PGW being not collocated. Topological closeness (of SGW-U and PGW) is not performed either. 

2)
Non-split SGW interfacing a split PGW.
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Figure X.5.1-1: Split SGW interfacing a non-split PGW
This deployment results in the SGW and PGW-U being not collocated. 

The PGW-C will not receive new parameters defined over S5/S8 for CUPS (e.g. UE Usage Type). So this deployment allows to select a PGW-U serving the required UE Usage Type only if all the PGW-Us associated to the PGW-C support the same UE Usage Type(s). 

The PGW-C may still be able to select a PGW-U close to the SGW based on the SGW S5/S8 F-TEID received in the Create Session Request. 

X.5.2
Solutions

X.6
 Evaluation and conclusion

Editor's Note: This subclause should contain the evaluation and the conclusion regarding CP and UP selection functions , including the description of the potential impacts to the GTP interfaces.

* * * End of Changes * * * *
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