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Abstract of the contribution: Aims to complete the solution for NB-IoT inter-RAT mobility.
1. Introduction
This document aims to complete the partially documented solution in the agreed S2-164078. 
2. Updates in this document
a) solution variants are selected.
b) impacts on nodes, evaluations and conclusions are made.
3. Proposal
It is proposed that the following revision marked changes are made to TR 23.730 v0.1.0, 
********* start of changes ****************************

6.6
Solution 6: Inter RAT mobility to/from NB-IoT

6.6.1
Description

This solution addresses Key Issue 3 – “Inter RAT mobility to/from NB-IoT”.
The high level components of this solution are as follows:

1) 
PDN connections

a)
At Attach time (or movement into a new MME/SGSN), in ‘subscriber data’, the HSS informs the MME/SGSN what to do at any future inter-RAT mobility. 

The choices could be to maintain the PDN connection; disconnect the PDN connection with a reactivation request; disconnect PDN connection without reactivation request; or to leave it to local VPLMN policy.

This information would be supplied per APN (and per non-IP SCEF connection).

This information could be configured for every RAT pair and direction (e.g. separately for NB-IoT to WB-E-UTRAN, and WB-EUTRAN to NB-IoT). However, the configuration can probably be simplified to mobility between “broadband” (WB-E-UTRAN and UTRAN) and “narrowband” (NB-IoT, GPRS, EC-GSM-IoT) situations. It is proposed to adopt this simplified approach.
Local MME (and SGSN) configuration is used when the HSS provides no information, or, when the UE does not support the necessary R13/R14 functionality.

b)
At an inter-RAT mobility event, the source CN node informs the target CN node of the current RAT type.

Note 1: 
Additionally, in the Context Request, the target CN node would inform the source CN node that it supports inter-RAT mobility.

c)
The target MME node uses the “EPS bearer context status IE” in the TAU Accept to indicate to the UE which bearers should be disconnected, and, optionally, adds a new IE (with similar coding format) to indicate which bearers (if any) should be reactivated.

Note 2:
 In case of mobility to 2G/3G, the SGSN uses equivalent existing and new signalling to the UE in the RAU Accept.

Note 3:
Use of EMM signalling avoids (up to 11) bearer specific ESM disconnection messages, their acknowledgements, and possibly uncoordinated multiple RRC reconfiguration messages as each bearer is released in sequence.

Note 4: 
an alternative is to use OMA LightWeight DM to configure the device with regard to which PDNs should be reactivated (or activated) – however, HSS to VPLMN signalling is still needed to avoid disconnection. Also a PDN connection is likely to be needed to carry the OMA LW DM messaging. It is proposed to not pursue this OMA LW DM concept in this solution.
Note 5: 
the target MME needs to be aware as to whether or not it is disconnecting “all” of the default bearers AND the UE does not support “attach without PDN connectivity” – in which case it may still need to Detach the UE. 


d)
The UE obeys the instructions from the MME/SGSN. Any dedicated bearers associated with default bearers that are to be disconnected/reactivated are disconnected (but not automatically reactivated)

2)
TAI list handling

Three alternatives/components for a solution are foreseen to avoid that the TAI list contains a mix of WB-E-UTRAN and NB-IoT tracking areas.

a)
For a mobile that supports both NB-IoT and WB-E-UTRAN, the UE is modified so that in the TAU Request (and Attach Request) sent to the MME, the UE reports the last visited TAI on that RAT i.e. the UE has to remember the last TAI it visited on NB-IoT and the last TAI it visited on WB-E-UTRAN.

This enables a simple MME implementation to continue to construct accurate TAI lists.

Note 6:
the UE needs to indicate its support for this capability to the MME (e.g. in the UE Network Capability).

b)
An alternative approach is that the MME is mandated to ensure that the TAI list that it allocates only contains TAs of one RAT type (either NB-IoT or WB-E-UTRAN).

Note 7:
the MME learns the RAT type of the TAC from the S1-Setup procedure.

c) 
the UE could be mandated to use a RAT change between NB-IoT and WB-E-UTRAN as a trigger for a TAU (even if the new TA is in the previously allocated TAI list)
Preferred approach as basis for evaluation: to reduce UE impacts, and to cater for existing Release 13 NB-IoT devices, it is proposed to adopt approach (b) for the TAI list handling. 
6.6.2
Impacts on existing nodes and functionality

Editor’s Note: rapid implementation of the solution in 6.6.1 might avoid expensive, unnecessary R13 MME development.

UE:
pre-release 14 UEs will disconnect and/or maintain EPS bearers as instructed in the TAU/RAU accept messages. Release 14 instructions as to which EPS bearers to reconnect can be designed in a manner so that they are ignored by pre-release 14 UE’s. Release 14 UEs need to support these instructions.
E-UTRAN: no impact (beyond reduced signalling and radio interface load).

HSS:
for each APN, an extra data field describes how the bearers for that APN should be handled at mobility between broadband and narrowband systems. This information is sent to MME and SGSN.
MME (1):
uses information from HSS and/or local policy to encode EPS bearer status information in TAU Accept messages accordingly. Does not implement the Release 13 ban on NB-IoT inter-RAT mobility.
MME (2):
shall ensure that the TAI list allocated to NB-IoT capable UEs does not include TACs from both NB-IoT and WB-E-UTRAN.
SGSN: 
uses information from HSS and/or local policy to encode PS bearer status information in RAU Accept messages accordingly.
SGW/PGW:
no impact.
6.6.3
Solution Evaluation


The above solution meets the requirements to support inter-RAT mobility to/from NB-IoT in a radio, core network and battery efficient manner; allows the data volumes sent on different RATs to be correctly recorded on CDRs; and allows the HPLMN to influence whether connectivity to APNs is maintained, reconnected or disconnected at inter-RAT mobility to/from NB-IoT. 
This solution meets the requirements and is recommended for specification in release 14 (at least in order to avoid the complexity of implementing the release 13 functionality on MMEs).
************ start of second changes **********
8
Conclusions

Editor's Note:
This clause is intended to list conclusions that have been agreed during the course of the study. This may also capture the guiding principles and documentation approach for creating CRs to normative specifications within the responsibility of SA2.
For “Key Issue 3 - Inter RAT mobility to/from NB-IoT” it is agreed to specify the solution recommended in section 6.6. 
************** end of changes ******************
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