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1
Introduction 
In SA2#116 (Vienna) Key Issue 3: Inter RAT mobility to/from NB-IoT was added to TR 23.730 and multiple options for solutions were included as Solution 6 (S2-164078).
The agreed architectural requirements are captured in 5.3.2:

- 
Intra-PLMN idle mode inter-RAT mobility to and from NB-IoT should be supported in a radio, core network and battery efficient manner. The other RATs to be supported are WB-E-UTRAN; GPRS/ EC-GSM-IoT and UTRAN.

-
The solution should enable data sent on different RATs to be correctly recorded on CDRs.

- 
The HPLMN should be able to influence which APNs are maintained, reconnected or disconnected at inter-RAT mobility to/from NB-IoT.

In the following section we discuss the options provided in Solution 6, and provide an evaluation and proposed way forward. 
2
Discussion
2.1
TAU handling during inter-RAT mobility

There are 3 alternatives described in Solution 6:
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)

There are two main aspects included in the options above:

Aspect 1: The UE shall perform TAU when performing inter-RAN idle mode mobility from or to NB-IOT. 
Aspect 2: The UE should be paged only in the RAT it is camping. 

Aspect 1 is particularly needed since there are different NAS modes (as defined by CT1 in TS 24.301: NB-S1 and WB-S1), which have different behaviours e.g. different timer values, feature support, extended DRX range of values, etc.
Regardless of the solution, since the UE always needs to perform TAU during inter-RAT idle mode mobility (Aspect 1), it is highly inefficient if paging is not restricted to the RAT the UE was camping on at last update (Aspect 2).

Both aspects can be achieved implicitly by using different TAIs for NB-IOT cells and WB-E-UTRAN cells, and by creating TAI list only with TAIs for the RAT the UE is currently camping on, i.e., by adopting Option b for TAU in TR 23.730 Solution 6.

This solution also has the benefit that it doesn’t have UE impact, i.e. it works for Rel-13 devices.

	Proposal 1: Option b for TAU TR 23.730 Solution 6, i.e., the MME includes TAIs from same RAT in TAI list. It is assumed cells from different RATs have different TAIs.


2.1
Handling of PDN Connections during inter-RAT mobility
Solution 6 proposes that during inter-RAT mobility to/from NB-IOT, PDN connections are subject (per APN) to:
1. Stay active

2. Deactivated with no reactivation required.

3. Deactivated with reactivation required. 
It is also proposed to use "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.

The argument made in Solution 6 is that by using "EPS bearer context status IE” and adding whether reactivation is required in TAU Accept, the signalling of the ESM message “Deactivate EPS bearer context request/accept” is avoided, which saves overhead particularly if many EPS bearer contexts need to be deactivated. 

However, there are multiple considerations:

1. The most likely type of devices using NB-IOT are IOT devices, for which it is unlikely several EPS bearer contexts are enabled. Therefore the added signalling by using explicit ESM signalling to deactivate a default EPS bearer contexts would not be excessive. 
2. It is not clear what the motivation is for deactivating a PDN connection with reactivation required in the case the UE performs inter-RAT mobility to/from NB-IOT. The most likely scenario is that an APN is supported or is not supported in NB-IOT. 
3. The "EPS Bearer Context Status" IE is currently used only when the UE or NW locally deactivated an EPS bearer context, which is done as last resort due to some abnormal scenario. Normally, the UE and NW would explicitly signal the deactivation. 
4. Using "Deactivate EPS bearer context request" has the following benefit:
a. An ESM cause value is included. That helps the UE know what the cause of deactivation is and can take action on it. For instance, the most likely scenario is that a specific APN is supported over WB-E-UTRAN but not over NB-IO.  In that case, when the UE performs inter-RAT mobility from WB-E-UTRAN to NB-IOT, the MME can deactivate the default EPS bearer context for that APN using the ESM cause value #66 "requested APN not supported in current RAT and PLMN combination" as defined in TS 24.301. The UE can use this information to not retry to establish a new PDN connection for that APN while in NB-IOT.  On the contrary, if the UE does not receive any reason why a default bearer context was deactivated, it may try to reactivate the PDN connection. 
b. This is already supported by all UEs so it is backwards compatible to Rel-13 UEs supporting NB-IOT and WB-E-UTRAN. 

	Proposal 2: It is proposed to use explicit ESM signalling, i.e. Deactivate EPS bearer context request/accept, to deactivate and optionally request to reactivate an EPS bearer context when the UE moves from NB-IOT/WB-E-UTRAN.  
The MME uses an appropriate ESM cause value, e.g. #66 "requested APN not supported in current RAT and PLMN combination" when a particular APN is not supported in NB-IOT.


Another aspect of the proposal in Solution 6, is that the decision to keep active or deactivated with/without reactivation required is per UE based on subscription information. However, it is not clearly justified why this would be needed. The likely scenario is that a service is not possible to be provided over NB-IOT, or a service is possible to be provided over NB-IOT. Therefore, whether an APN is supported over NB-IOT is a network characteristic not a subscription characteristic. 

	Proposal 3: There’s no need to include whether an APN is supported/not supported, needs reactivation in the subscription information on a per RAT basis. Whether an APN is supported over NB-IOT or not is a NW characteristic not based on subscription. 


3.
Proposal

It is proposed, if the above is agreeable, to modify Solution 6 accordingly, and capture the proposals above in evaluation and conclusions.

First Change

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. 

Another option is that Local MME (and SGSN) configuration is used, e.g. based on overall support of an APN in a specific RAT, 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.1)
In one option, 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.

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. 


c.2)
In another option, the target MME node uses the ESM message "Deactivate EPS bearer context request" to deactivate any EPS bearer context if needed. The MME may also include "reactivation requested" based on configuration, and it includes an appropriate ESM cause value. For example, if a default EPS bearer context is deactivated when the UE performs inter-RAT mobility from WB-E-UTRAN to NB-IOT, because a particular APN is not supported over NB-IOT, then the MME includes the ESM cause value . #66 "requested APN not supported in current RAT and PLMN combination". 
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)

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.

6.6.3
Solution Evaluation

For the TAI list handling, option 2b is the preferred solution as it does not add complexity to the network or UE, it only affects the MME in the TAI list assignment, and doesn’t have UE impact, i.e. it is backward compatible to Rel-13 devices that support NB-IOT. It also implicitly makes the network page only in the actual RAT the UE is camping on.
For the PDN connection handling during inter-RAT mobility it is preferred to adopt option c.2 over c.1 as using "Deactivate EPS bearer context request" has the following benefit:
a. An ESM cause value is included. That helps the UE know what the cause of deactivation is and can take action on it. For instance, the most likely scenario is that a specific APN is supported over WB-E-UTRAN but not over NB-IO.  In that case, when the UE performs inter-RAT mobility from WB-E-UTRAN to NB-IOT, the MME can deactivate the default EPS bearer context for that APN using the ESM cause value #66 "requested APN not supported in current RAT and PLMN combination" as defined in TS 24.301. The UE can use this information to not retry to establish a new PDN connection for that APN while in NB-IOT.  On the contrary, if the UE does not receive any reason why a default bearer context was deactivated, it may try to reactivate the PDN connection. 

b. This is already supported by all UEs so it is backwards compatible to Rel-13 UEs supporting NB-IOT and WB-E-UTRAN. 

Also, the explicit indication in subscription information of which action to take per APN during inter-RAT mobility to/from NB-IOT adds considerable complexity, and in practice it is likely that a network either supports an APN in a specific RAT or does not, and the authorization of APN per UE is not RAT specific. 
Next Change

7
Overall Evaluation

For Key issue #3, Solution 6 successfully solves the issue. Also, of all the options listed in the solution the following considerations are made:

For the TAI list handling, option 2b is the preferred solution as it does not add complexity to the network or UE, it only affects the MME in the TAI list assignment, and doesn’t have UE impact, i.e. it is backward compatible to Rel-13 devices that support NB-IOT. It also implicitly makes the network page only in the actual RAT the UE is camping on.

For the PDN connection handling during inter-RAT mobility it is preferred to adopt option c.2 over c.1 as using "Deactivate EPS bearer context request" has the following benefit:
a. An ESM cause value is included. That helps the UE know what the cause of deactivation is and can take action on it. For instance, the most likely scenario is that a specific APN is supported over WB-E-UTRAN but not over NB-IO.  In that case, when the UE performs inter-RAT mobility from WB-E-UTRAN to NB-IOT, the MME can deactivate the default EPS bearer context for that APN using the ESM cause value #66 "requested APN not supported in current RAT and PLMN combination" as defined in TS 24.301. The UE can use this information to not retry to establish a new PDN connection for that APN while in NB-IOT.  On the contrary, if the UE does not receive any reason why a default bearer context was deactivated, it may try to reactivate the PDN connection. 

b. This is already supported by all UEs so it is backwards compatible to Rel-13 UEs supporting NB-IOT and WB-E-UTRAN. 

Also, the explicit indication in subscription information of which action to take per APN during inter-RAT mobility to/from NB-IOT adds considerable complexity, and in practice it is likely that a network either supports an APN in a specific RAT or does not, and the authorization of APN per UE is not RAT specific. 

Next Change

8
Conclusions


For Key issue #3, Solution 6 as described in Section 6.6 shall be adopted for normative with the following:
-
For TAI handling option 2b is adopted.

-
For PDN connectivity handling step c.2 is adopted, c.1 is not adopted. 

-
The PDN connectivity handling is based on network configuration. Subscription information is not impacted.
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