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Abstract of the contribution: Discusses issues arising from mobility (mostly Inter-RAT) for UE supporting CIOT optimisations.
1. CIOT optimisations and multi-RAT UEs
In SA2#112 it was discussed as a working assumption to not consider covering “inter-RAT” mobility since the assumption (at the time) was that the CIOT optimisations are meant for NB-IoT that is not to supporting inter-RAT. 
In RAN#70 discussion took place in terms of whether CIOT optimisations should apply to LTE as well. The main intention of the companies that proposed this was to cover LTE UEs (e.g. cat-M) with low cost properties. Eventually RAN#70 agreed to send LS RP-152296 [2] that indicates that RAN will work on applying the “CIOT optimisations” of SA2 to LTE as well under TEI13. 
This agreement was interpreted offline by some companies as implying that we have to cover “inter-RAT” aspects given that “smartphones” support also other RATs. 

If the intention though is to use the “CIOT optimisations” for LTE cat-M UEs an assumption can be made that these UEs shall behave as single RAT (i.e LTE-only) when they attach to the network. This is not different from the same assumption that was made for NB-IoT.  
If this assumption can be made then any UE that supports “at least one” CIOT optimisation (i.e. signals Preferred Network Behaviour in NAS with at least one parameter set to “true”) shall also indicate only NB-IoT or only LTE in its radio access capabilities, but never a combination and never other RATs such as UMTS, GSM. 

Proposed Assumption: 

When attaching to EPS for E-UTRAN or NB-IoT access, a UE that signals at least one element in Prefered Network Behaviour shall not indicate support for other RATs in the PS domain.
If this assumption is agreeable then some text along the lines of the above can be captured in TS 23.401 and the working assumption can be that in rel.13 all inter-RAT aspects are left out of scope.

The rest of the paper is therefore relevant if this assumption is NOT agreeable.

2. Issues related to inter-RAT mobility

2.1.1 Issue 1: LTE or NB-IoT UE with non-IP PDN connection moves to UTRAN/GERAN

If an LTE UE that has activated a “non-IP” PDN connection has to move to 2/3G, since GPRS cannot support “non-IP” PDN connection, the PDN connection has to be torn down. This can be addressed by the MME not sending the ESM bearer context to the target SGSN when the  PDN connection is of type “non-IP”.
Proposal 1: It is captured that if an LTE or NB-IoT UE moves to 2/3G with a “non-IP” PDN connection”, the source node (MME) tears down the “non-IP” PDN connection before sending the context to the SGSN. 

One extra aspect that needs to be considered is how the UE is informed that the bearer has been torn down at the source and therefore not transferred. Here it is proposed that the presence of “Supported Network Behaviour” in RAU or TAU accept allows the UE to determine whether the bearers corresponding to “non-IP” PDN connections have been transferred or not. 

This also requires that the “Supported Network Behaviour” is also included in TAU accept for all the supporting MMEs and in the future in RAU accept when the non-IP PDN connection functionality will be introduced in GPRS. 

It also requires support for “non-IP” PDN connections to be included in “Supported Network Behaviour” Proposal 2: Supported Network Behaviour in NAS, should indicate support for non-IP PDN for the MME the UE will connect to.
Proposal 3: Absence of “Support for non-IP” in the “Supported Network Behaviour” in TAU/RAU accept for a UE that had already established non-IP PDN connection will trigger the UE to locally de-activate all the bearers corresponding to non-IP PDN connections.
2.2 
Issue 2: LTE or NB-IoT UE with “SCEF connection” moves to UTRAN/GERAN

How to handle this issue will largely depend whether the “SCEF connection” will be part of the EMM or ESM context, which at the time of writing this document was not yet settled. If we assume that the SCEF connection will be part of ESM context, then handling of this issue is no different from what is described for “non-IP” PDN connection. Simply the source MME will not forward the ESM part corresponding to the SCEF connection to SGSN and will have take care of tearing down the connection towards the SCEF. 
If on the other hand SCEF connection becomes part of EMM then the “SCEF connection” needs to be stripped out of the EMM context before it is forwarded to the target SGSN and the source MME to also take care of tearing down the SCEF connection. 
Proposal 4: It is captured that if an LTE UE moves to 2/3G with SCEF connection for non-IP data, the source node (MME) tears down the SCEF connection before sending the context to SGSN (same approach as proposals 1~3). If the SCEF connection is part of EMM context, it is FFS how it will work upon inter-RAT mobility. 

2.3 
Issue 3: Mobility of LTE or NB-IoT UE in “RRC suspended” state (UP optimisations)
As per what is captured in S2-154453 [3] when the LTE UE uses UP optimisations and is in RRC_IDLE with suspended cached context in the RAN (we call it RRCSUSPENDED state for convenience) , the UE should act as when in ECM-IDLE. This means that the UE in this state should perform autonomous reselection and not handover. One additional procedure is defined in (new) clause 4.x: 

To maintain support for User Plane CIOT EPS Optimizations at UE mobility between cells configured on different eNodeBs, the AS Context should be transferred between the eNodeBs.

Our understanding of the above statement is that when the UE in RRCSUSPENDED state tries to resume the RRC connection in a given eNB, the eNB will use “forward handover” mechanisms to obtain the AS context of the UE from the source eNB. This procedure does not imply any “UE impacts” (i.e. the UE does not need to do measurements in RRC_SUSPENDED). 
Observation 1: UE in RRC_SUSPENDED state will perform autonomous reselection and not network controlled handover
Observation 2: UE in RRC_SUSPENDED state will not report inter-RAT measurements to the network
If the LTE UE tries to resume the “suspended” RRC connection in a target cell (e.g. cell of another RAT) and the target cell cannot retrieve the context, the RRC layer in the UE can declare failure to NAS and then NAS recovers by sending Service Request procedure i.e. re-establish the context. This is existing “TAU trigger” defined in clause 5.3.3.0 of TS 23.401: 

-
the RRC layer in the UE informs the UE's NAS layer that an RRC connection failure (in either E-UTRAN or UTRAN) has occurred;

 and should be the same NAS behaviour between LTE and NB-IoT UEs.
Observation 3: If the UE cannot resume the suspended RRC context, the RRC can indicate failure in NAS and NAS sends TAU.

One issue that needs to be resolved and is common between LTE and NB-IoT is how the “stale” AS context is cleared in the “original” eNB if the UE ends up in a UMTS or GSM cell and that (obviously) cannot retrieve the AS context from the eNB. This issue again is common between NB-IoT and LTE and is also not specific to “inter-RAT” scenarios since it is quite probable that in “intra-RAT” mobility (say from one NB-IoT cell to another) the “eNB” will fail to retrieve the AS context (e.g. when there is no X2). 
Observation 4: If the “target” eNB or RNC/BSC cannot retrieve the UEs AS context, mechanisms have to be defined to clear this context from original eNB. This is a common issue of inter-RAT or intra-RAT mobility.
Based on the previous observations it is proposed to agree that there is no “extra” impact in inter-RAT procedures for LTE UE and eNB in RRC_SUSPENDED state. There is no difference between the procedures for NB-IoT and LTE UE.
Proposal 5: No difference between LTE and NB-IoT UE mobility procedures for UE in RRC_SUSPENDED state
2.4 
Issue 4: Mobility of LTE UE in “RRC_CONNECTED” state (CP optimisation)

An LTE UE in the midst of using UP optimisation (aka sol.2) could move (or as RP-151991 [1] argues “be handed over”) to another cell in another eNB or RNC/BSC. This would depend on what are the expected (source) eNB procedures in the state the UE is in. If the UE is already in “RRC_CONNECTED“ state but the security context is not yet downloaded in eNB. This issue is not “new” since it can already be experienced in existing LTE (e.g. when the UE is in the midst of RRC connection while sending UE capabilities to be triggered to move to another cell). 
In TR 23.887 [3] clause 5.1.1.3.1 it was identified: 
NOTE 2:
The "small data" and "low priority small data" cause value, can be used by the eNB to detect that a short lived signalling procedure is in progress. Hence it is unlikely that the MME will download the security context to the eNB. Without the security context, handover cannot be performed. Thus radio resources can be saved if the eNB does not configure the UE to perform measurement reporting.

Observation 5: From mobility perspective, it is preferable not to configure measurements at the eNB for the LTE UE that is in the midst of RRC connection for CP optimisation small data.
In order therefore to avoid having the eNB configuring measurements to the UE and/or trigger handover, a new RRC indicator (e.g. cause value) or one of the indicators discussed for “CIOT optimisations” can be used in order to have the eNB NOT configuring measurements for a UE that is in the midst of “small data” RRC connection (for CP optimisations).
Proposal 6: A new or one of the existing RRC indicators for “CIOT optimisations can be used in RRC msg.5 in order to inform the eNB that the RRC connection is for “small data” and therefore that the eNB should not configure measurements or trigger handover. RAN2 can discuss the details.
2.4 
Issue 5: Mobility of LTE or NB-IoT UE in “RRC_CONNECTED” state (UP Optimisation)
Given the differences between NB-IoT and LTE AS, it is expected that a NB-IoT UE in RRC_CONNECTED state with full security context (i.e. using UP optimisation) will perform autonomous reselection whereas an LTE UE will perform network controlled handover. The handover procedure (for the case of LTE UE) will be the same as the one documented in TS 23.401 and TS 23.060 i.e. performing X2 or S1 handover. 
Observation 6: There are no changes in “inter-RAT” mobility procedures documented in TS 23.401/TS 23.060 for LTE UE with “CIOT optimisations” in RRC_CONNECTED state.

For NB-IoT UE in RRC_CONNECTED state when the UE goes to the target cell (UMTS/GSM/LTE) given as described previously there is no “network controlled” handover, the RNC, or BSC cannot retrieve the UE AS context and therefore NAS recovery procedure (by sending TAU) has to be employed as in case of RRC_SUSPENDED (see observation 3).

Observation 7: NB-IoT UE in “RRC_CONNECTED” state follows existing procedure of declaring RRC connection failure and sending RAU to SGSN or TAU to MME.
If the NB-IoT UE moves to an LTE cell that implements “CP or UP optimisations” it is possible to optimise the procedure and require the target eNB to attempt to retrieve the AS context from “source” eNB following the “forward handover” procedures described above for RRC_SUSPENDED state. Assuming that the NB-IoT UE will be in RRC_CONNECTED for short time given “infrequent” data traffic it is questionable whether it is worth spending time on such optimisation in rel.13. It can though be left up to RAN2 and RAN3 to discuss the merit.
Proposal 7: RAN2 and RAN3 to discuss whether it is worth defining the “forward handover” procedure for NB-IoT UE in RRC_CONNECTED state.

3. Proposal
It is proposed to discuss first whether it can be assumed that: 
When attaching to EPS for E-UTRAN or NB-IoT access, a UE that signals at least one element in Prefered Network Behaviour shall not indicate support for other RATs in the PS domain.If that assumption cannot be made, then the following proposals should be considered in order to resolve the “inter-RAT” mobility issues for both LTE and NB-IoT UEs

Proposal 1: It is captured that an LTE or NB-IoT UE moves to 2/3G with “non-IP” PDN connection”, the source node (MME) tears down the “non-IP” PDN connection before sending the context to the SGSN. 
Proposal 2: Supported Network Behaviour in NAS, should indicate support for non-IP PDN for the MME the UE will connect to.
Proposal 3: Absence of “Support for non-IP” in the “Supported Network Behaviour” in TAU/RAU accept for a UE that had already established non-IP PDN connection will trigger the UE to locally de-activate all the bearers corresponding to non-IP PDN connections.
Proposal 4: It is captured that if an LTE UE moves to 2/3G with SCEF connection for non-IP data, the source node (MME) tears down the SCEF connection before sending the context to SGSN (same approach as proposals 1~3). If the SCEF connection is part of EMM context, it is FFS how it will work upon inter-RAT mobility. 

Proposal 5: No difference between LTE and NB-IoT UE mobility procedures for UE in RRC_SUSPENDED state
Proposal 6: A new or one of the existing RRC indicators for “CIOT optimisations can be used in RRC msg.5 in order to inform the eNB that the RRC connection is for “small data” and therefore that the eNB not configure measurements or trigger handover. RAN2 can discuss the details.
Proposal 7: RAN2 and RAN3 to discuss whether it is worth defining the “forward handover” procedure for NB-IoT UE in RRC_CONNECTED state.
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