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Introduction
This paper proposes a solution to selection of a Dedicated Core Network using assistance information from the UE to reduce the need for redirection. The Dedicated Core Networks is specified in TS 23.401 for E-UTRAN. Clause 4.3.25.1 specifies how the MME/SGSN translates the UE Usage Type to a specific DCN.
“The serving network selects the DCN based on the operator configured (UE Usage Type to DCN) mapping, other locally configured operator's policies and the UE related context information available at the serving network, e.g. information about roaming. Both standardized and operator specific values for UE Usage Type are possible.”

During initial CIoT discussions it has been proposed to store a UE Usage Type in the UE and send it to the RAN to enhance the DCN selection. This would basically duplicate the very same translation functionality in both in RAN and MME/SGSN. The potential complexity that this would bring both in developing a standard and maintaining consistency in operator network deployments, should be avoided. A better alternative would be to use the assistance information from the UE that was also proposed in the initial CIoT discussions. The assistance information can do the same job as a UE Usage Type in the UE and it can be used in combination with the already specified DECOR functionality. And the translation functionality, which maps the UE Usage Type to a DCN, would not need to be duplicated and can be kept in just one place.

This paper discusses such an approach to optimize the DCN selection. It would eliminate re-routings when appropriate configuration of the UE has been done. In addition, since an optimized NAS protocol is being discussed for CIoT, possibly non-backward compatible, the proposed solution does also addresses the potential issue with a NAS request being sent to a wrong CN node (e.g. MME) that does not support and understand that specific NAS protocol.

Proposal

It is proposed to add the following text in TR 23.711. 
***** First Change *****
5.x
Solution x: UE assistance information for selection of EPC DCN
5.x.1
Description
The high-level principle of the solution for selection of a different EPC DCNs is shown in the figure below.
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Figure 5.x.1-1: Solution for Core network selection based on assistance information from UE

The high level principles are as follows:

-
The UE uses two parameters to assist DCN selection:

-
The DCN Selection Assistance parameter which is received from the network and stored per PLMN in the UE. The DCN Selection Assistance parameter is assigned by the operator to a type of DCN the operator is using. It may be a scalar, but the format is stage 3 decision. As an example one DCN Selection Assistance value may e.g. indicate CIoT DCN, whereas another value may indicate MBB DCN, etc. DCN Selection Assistance values are operator/PLMN specific and reflect the different DCNs with specific characteristics and functions that the operator has deployed.

-
The NAS Type parameter is assigned by the UE and reflects which NAS protocol variant the UE uses. The NAS Type is used during DCN selection and serving node selection to ensure that the selected node can respond to the NAS request. An assignment to a serving node that cannot respond to the NAS request could otherwise lead to high network load from UEs performing repetitive attach attempts, especially MTC devices can be very persistent when the network is not responding. The NAS Type may be a scalar, but the format is stage 3 decision. One specific NAS Type value may e.g. indicate the simplified NAS used for NB-IOT, whereas another NAS Type value may indicate the NAS used for EPC MBB, etc. NAS Types are standardized values reflecting the standard and its different NAS protocol variants. 
Note: The solution ensures NAS protocol compliance for DCNs using multiple NAS protocols. 
-
A DCN Selection Assistance parameter is stored in the UE per PLMN ID. The same DCN Selection Assistance parameter can be used for multiple PLMN IDs based on the NAS Equivalent PLMNs list provided to the UE. This simplifies and avoids storing duplicated parameters for operators using multiple PLMN IDs e.g. shared network deployments. A NAS Equivalent PLMNs list may span over multiple operator networks depending on the PLMN IDs in the NAS Equivalent PLMNs list. In case NAS Equivalent PLMNs lists are overlapping, the DCN Selection Assistance parameter may need to be stored differently e.g. per PLMN ID.
-
A DCN Selection Assistance parameter is stored in the UE per PLMN ID in persistent memory. If there is a DCN Selection Assistance parameter stored in the UE for a PLMN ID, that parameter shall take precedence over the default parameter at future attaches to the PLMN. A serving PLMN assigns a DCN Selection Assistance parameter based on the UE Usage Type received from the HSS and other information as specified in Rel-13 DECOR. 
-
Each UE may in addition have a default DCN Selection Assistance parameter which is pre-configured into the UE e.g. in the USIM. The pre-configured default DCN Selection Assistance parameter is used by the UE when no stored DCN Selection Assistance parameter exists for the specific PLMN the UE is making an initial attach to. The pre-configured default DCN Selection Assistance parameter does not change except when updated by operator O&M commands.
Editor’s Note: It is ffs if there is a default DCN Selection Assistance parameter that can be used for all PLMNs or if there is a default DCN Selection Assistance parameter per PLMN.

-
DCN selection with assistance information in the UE is used together with the Rel-13 DECOR function.
-
When the UE is registering to a new location in the network, i.e. in Attach, mobility TA/RA update (but not periodic TA/RA updates), the UE always provides the DCN Selection Assistance parameter and the NAS Type parameter to the RAN. If a GUTI is present in the attach/TAU/RAU and a serving node corresponding to the GUTI can be found in the NNSF configuration (i.e. legacy selection can be performed), the normal GUTI based selection takes precedence over the DCN Selection Assistance and NAS Type parameters. The RAN selects an appropriate dedicated core network (e.g. MBB-EPC DCN, CIoT-EPC DCN or other EPC DCN) based on the DCN Selection Assistance parameter and RAN configuration. The network selects a DCN which is compatible with the NAS type parameter indicated by the UE. The RAN forwards the DCN Selection Assistance parameter and NAS Type in RAN signalling to the CN.  
-
When a serving node (e.g. MME) which processes a registration discovers that the UE provided DCN Selection Assistance parameter and the UE Usage Type parameter retrieved from the HSS and mapped to a DCN (according to Rel-13 DÉCOR) does not match, the serving node sends a new DCN Selection Assistance parameter to the UE. Such update may for example occur when the DCN Selection Assistance parameter stored in the UE has become obsolete or when the serving node decides to update the UE with a new PLMN specific (or Equivalent PLMNs list specific) DCN Selection Assistance parameter. 
-
The serving node also provides a new DCN Selection Assistance parameter when the UE Usage Type has been updated in the subscription information. This is done as part of the GUTI Reallocation procedure.
5.x.1.1
Initial selection

The procedure is initiated when a UE, e.g. an MBB UE, is not registered at current location in the network. A DCN is selected when a new core node is selected.
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Figure 5.x.2-1: Initial selection based on selection assistance information.

1. RRC connection established

2. The UE provides NAS message Initial Attach, TAU Request or RAU Request. When available at the UE, the UE includes both a DCN Selection Assistance parameter in the NAS message and in the RRC message. The UE includes a NAS Type parameter in the RRC message. The NAS Type indicates which NAS protocol variant is used in the included NAS 
3. The RAN node selects a DCN and a DCN serving node (“DCNsn”) based on the DCN Selection Assistance parameter and the NAS Type parameter and based on configuration in the RAN node, e.g. DCN information received in RAN from serving nodes in the S1 Setups. There may be several different DCNs configured, e.g. multiple CIoT DCNs and normal EPC DCNs using different potentially not compatible NAS protocols. The NAS Type ensures that the NAS message is forwarded to a DCN and serving node which is compatible with the NAS type indicated by the UE.

4. The NAS message is sent to the selected node of the selected DCN. RAN node load balancing according to DÉCOR is applied if there are several DCNs or nodes matching the selection criteria. The DCN selection assistance parameter and the NAS Type parameter are provided by the RAN to the DCN serving node together with the NAS message. Additionally, the DCN selection assistance parameter is also provided inside the NAS PDU. Providing the parameter on both the NAS protocol and the S1AP/RANAP protocol allows for higher security and can handle more deployment options (e.g. when non-supporting RAN nodes are still present). 
5. The serving node in the selected DCN (e.g. MME, SGSN) may retrieve the subscribed UE Usage Type from HSS. 
6. The serving node examines the DCN selection assistance parameter from NAS and S1AP, the UE Usage Type provided by the HSS (as available), other information available at the node (e.g. UE capabilities, subscription information, SLA information, local configuration), and verifies that the selected node and DCN is suitable to serve the UE. If the node is suitable to serve the UE the flow continues at step 9.

7-8.
The NAS Message Redirection procedure may be used to select a suitable DCN.
9. The NAS procedure executes normally

10. The new DCN serving node examines the NAS provided DCN selection assistance parameter and may choose to send a new DCN selection assistance parameter to the UE in the NAS Accept message t. The UE updates its stored DCN selection assistance parameter, for the serving PLMN or, if provided, for the NAS Equivalent PLMNs list. 

11. The UE receives that NAS Accept message and confirms the reception by sending a NAS Complete message to the DCN serving node. For TAU messages, a NAS Complete message is only sent if a new GUTI was received in the TAU Accept message (see TS 23.401).

5.x.2
Impacts on existing nodes

The following nodes are impacted:

- UE

- New DCN Selection Assistance parameter is sent by the UE in the RRC message and the NAS message 
- New NAS Type parameter is sent by the UE in the RRC message and the NAS message.
- Receive and store new DCN Selection Assistance parameter from the network
- Store a pre-configured default DCN Selection Assistance parameter e.g. in USIM.
- RAN/eNB

- Using new DCN Selection Assistance parameter and NAS Type parameter from the UE in the selection of DCN and serving node.
- The RAN/eNB receives DCN information and supported NAS Types from each core node in the S1 Setup.
- MME

- Receive new DCN Selection Assistance parameter from the UE in Attach/TAU Request messages

- Receive new NAS Type parameter from the eNB in RAN-CN message
- Send new DCN Selection Assistance parameter to the UE in Attach/TAU Accept messages
- Send DCN information and NAS Types to eNB nodes in S1 Setup. 
- SGSN

- Receive new DCN Selection Assistance parameter from the UE in Attach/RAU Request messages

- Receive new NAS Type parameter from the UE in Attach/RAU Request messages

- Send new DCN Selection Assistance parameter to the UE in Attach/RAU Accept messages
- Send DCN information and NAS Types to RAN nodes in Iu/Gb setup. 
5.x.3
Solution evaluation
Editor's Note: Evaluation at solution level.

***** End of Changes *****[image: image3.png]
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