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1. Introduction
As part of the User Plane Congestion Management (UPCON) Stage-3 Work Item, one of the tasks is to determine the best protocol choice for the Nq and Nq’ reference points, between the RAN Congestion Awareness Function (RCAF) and the MME or SGSN respectively. This paper addresses considerations for both transport protocol and application protocol selection.
2. Background
Summary of Nq/Nq’ functionality; excerpt from 3GPP TR 23.705:
-
Nq: reference point between the RCAF and the MME; the MME provides the RCAF with the list of UEs (IMSIs) in a given eNB ID/ECGI and for each of these IMSI(s) the APNs of the active PDN connections.

The RCAF subscribes onto the MME to get the list of UEs in the affected area. To achieve this, the RCAF constructs a TAI-based FQDN for MME discovery.

The RCAF receives the list of MMEs serving the TAIs supported by the affected area and establishes the Nq interface towards those MMEs. Once the Nq interface has been established the RCAF queries via Nq for the list of UEs in the affected area. The MMEs provide the list of IMSIs and the list of APNs of the active PDN connections of each of those IMSIs to the RCAF.
-
Nq': reference point between RCAF and the SGSN; the SGSN, for a set of IMSI(s), provides the RCAF with the list of APNs of the active PDN connections of each of these IMSIs.
The RCAF is assumed to receive the list of UEs (IMSIs) impacted by a change of RUCI in a cell from the RAN’s OAM. The RAN OAM is assumed to have received this information from the RAN (the IMSI is sent by the SGSN over Iu in RANAP Common Id message). Thus, in UTRAN the RCAF queries the SGSN only for the APNs of the active PDN connections of a given impacted IMSI. To achieve this, the RCAF constructs a RAI-based FQDN for SGSN discovery.

The RCAF receives the list of SGSNs serving the RAIs supported by the affected area and establishes the Nq' interface towards those SGSNs. Once the Nq' interface has been established the RCAF passes the list of UEs (IMSIs) in the congested area to the SGSNs. The SGSNs provide the list of APNs of the active PDN connections of each of the reported IMSIs to the RCAF.

3. Alternatives
Existing protocols in MME/SGSN:

-
New Diameter application

Pros:

Diameter-based applications are already used in several MME/SGSN reference points (S6a/S6d, SLg…)
Well-known protocol, with lots of experience in CT4 in the development of new Diameter applications.

Cons:

Not suited, semantically, to the functionality required by Nq/Nq’. The Diameter base protocol, as designed by the IETF, is essentially an AAA protocol, user-centric. On the other hand, the type of interactions required by Nq, for instance, require a type of request that takes as input a node ID, or an area ID, and responds with a list of IMSI’s and APN’s.
Extensibility rules prevent the addition of new commands in future releases of existing applications; this restriction results, in many cases, in overloading existing commands with new functionality not related to the original intent of the command, something that is considered a sub-optimal design practice.
The limitation in the Diameter base protocol specification to establish just one single transport connection (SCTP association) between peers makes it cumbersome to share the incoming traffic load in a server.

-
SCTP (transport) with ASN.1 or TLV (Type-Length-Value) as application syntax

Pros:

Already used in several MME/SGSN reference points, using either ASN.1 (S1-AP, SLs, SBc…) or TLV (SGs…) as syntax for the application layer.
The application layer is semantically neutral since it is defined directly on top of the transport layer.
Any number of transport connections can be established between peers, if needed.
Cons:

Less experience in CT4 in protocol definition using ASN.1, compared with Diameter
-
Extension of GTPv2-C

Pros:

Already used in several MME/SGSN reference points (S5/S8, S11, Sv…).
There is no transport connection so it is more flexible for the server to share the load between different transport end-points.
Cons:

Not suited, semantically, to the functionality required by Nq/Nq’. It is essentially a network-based mobility protocol with focus on management of PDN connections/UEs.

-
UDP (transport) with TLV as application syntax
Pros:

Already used in MME (S102…).
The application layer is semantically neutral since it is defined directly on top of the transport layer.
There is no transport connection so it is more flexible for the server to share the load between different transport end-points.
Cons:

It is an unreliable transport, which makes it necessary for the client to manage ACK’s, timeouts and retransmissions.

Other protocol alternatives not existing today in MME/SGSN:
-
HTTP (transport) with XML as application syntax
Pros:

Well-known transport protocol and very flexible data modelling language for the application syntax, widely used in all kind of IP networks.

Cons:

It is not used today by any existing MME/SGSN control-plane signalling reference point.

XML-based processing (parsing) adds considerable computing overhead.

4. Conclusion
Taking into account the pros and cons of the different alternatives described before, it is proposed to use an approach similar to SGs or SLs reference points, i.e., having a transport layer based on SCTP, while allowing the establishment of as many SCTP associations as needed between endpoints.

Then, the application layer is proposed to be defined by means of TLV (type-length-value) commands and information elements (similar to SGs reference point), which is a simpler approach than using a more formal syntax, and considering that the complexity and flexibility in data typing offered by ASN.1 may not be something critically needed, given that the complexity of the interactions between Nq/Nq’ entities is not expected to be high.
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