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1 Introduction

The CT Work Item on the CT aspects of Architecture Enhancements for Cellular Internet of Things (CP-150795) was approved at CT#70. In addition SA2 has technically endorsed a number of CRs at their last SA2 #112 meeting.

a) S2-154394: Introduction of support for NB-IoT 
b) S2-154395: Introducing CIoT Optimisations 
c) S2-154451: Introduction of Control Plane CIoT EPS optimization
d) S2-154452: Introduction of attach procedure changes for CIoT EPS optimization
e) S2-154453: User plane optimisation for CIoT ‑ suspend and resume procedure  
f) S2-154454: Introducing support for Non‑IP data for CIoT 
g) S2-154400: non‑IP data delivery via the SCEF for cellular IoT 
h) S2-153701: Enhanced Coverage for paging in LTE
This contribution discusses the CT1 impacts and other open issues in development of stage-3 specifications considering agreements and ongoing discussions in SA2 for CIoT.
2 CT1 Impacts based on SA2 CRs
The following are the key CT1 impacts based on technically endorsed CRs in SA2.
· Attach procedure for CIoT: This involves EMM only attach without PDN connection establishment and PDN connection establishment subsequently when required.
· Solution #2, Control plane optimization (Data via MME): This requires new messages to carry data, ciphering and integrity protection and IP Header compression. Further during idle to connected mode transitions, need optimizations to not establish user plane connection.
· Solution #18, User plane optimization (cache UE context in eNB and UE in RRC idle): This requires IP header compression, context storage in eNB and UE in idle state.
· Support for non-IP data delivery: This requires support for non-IP PDN connection (e.g. new PDN Type) for non-IP data delivery via P-GW and also support for SCEF connection for non-IP data delivery via SCEF
· SMS without combined Attach
· SMS Optimizations for Key Issue #9 as per conclusion #7 in TR 23.720
3 Open issues related to CIoT
The following are some of the key open issues or general aspects with broader specification impacts that need resolution for CT1 to make progress on development of stage-3 specifications in an efficient manner.
3.1 Applicability of CIoT solutions to non-NB-IoT UEs
According to the LS RP-152296 from the RAN plenary, RAN has made the following agreements related to applicability of NB-IoT enhancements to other non-NB-IoT UEs.

· We will have:
· CRs for NB-IoT UEs (including e.g. L1 parameters, signalling enhancements and other enhancements) 
· and a separate CR of additional impact due to non-NB-IoT UEs (e.g. capabilities). 
· RAN2 and RAN3 have to allocate TEI13 time for the support of non-NB-IoT UEs. 
· This approach is applied both for Sol2 and Sol18 unless there are significant impacts on specifications identified.
Also according to ongoing discussions in SA2 teleconferences, many companies have expressed the opinion that *all* CIoT solutions should apply to all E-UTRAN devices in Rel-13. The assumption is that the UE will provide “CIoT optimisation” indication in RRC signalling and the preferred or supported network behaviour would be indicated within NAS signalling. It is still not clear if there will be a single or separate indication within RRC signalling corresponding to “CIoT optimisations” for solution 2 and solution 18 respectively.
Open Issue: A firm decision on this is needed either from SA2 or RAN plenary as this has significant impacts on stage-2 and stage-3 specification development. Given the state of current discussions in SA2, CT1 probably needs to assume that all CIoT solutions will apply to all E-UTRAN devices in Rel-13 and plan specification development accordingly.

3.2 Supporting Attach without PDN connection

Currently TS 24.301 makes an implicit assumption in many places that UE has a PDN connection when it transitions from EMM_DEREGISTERED to EMM_REGISTERED state. The MME or UE will detach if there is no bearer or PDN connection. The CIoT requirement is to support Attach without PDN connection. This impacts the current EMM state machine and requires careful review of large portions of specification and the different error scenarios.

One option to get around this is to create a new state EMM_REGISTERED_2 wherein the UE is attached without a bearer or PDN connection. Adding such a new state should help in localizing changes related to attach without a PDN connection to new state and should limit the changes to specifications.
Another aspect to consider is modifications to existing Attach request message or creation of new message for attach without a PDN connection. The ESM message container is a mandatory field in Attach request message and it cannot be changed to optional IE. As such to reuse the existing Attach request message we will have to use an empty ESM message container with Length of ESM message container contents set to 0. The MME may still have to process the empty container and not forward it to GW etc.

The other option is to create a new Attach request message which allows the UE to attach without a PDN connection. This requires new message to be supported by both the UE and network and results in increased complexity, implementation effort. However this message may be more efficient than modifying the existing Attach request message.
Open Issue: Using a new state EMM_REGISTERED_2 along with an empty ESM message container may allow re-using the existing Attach request message to support attach without PDN connection. CT1 needs to make a working assumption of how to update TS 24.301 and support Attach without PDN connection.
3.3 Supporting non-IP data delivery via SCEF

For non-IP data delivery one of the solution requires support for connection to SCEF. The SCEF connection and PDN connection are completely independent of each other. There may be a need for new connection or new session to SCEF to enable this. This may use a separate protocol other than that used for session management (ESM). SCEF routing vs P-GW routing should be transparent to the UE and should be done by the network. Or this could also be done by just using generic NAS transport messages and thus avoiding use of any other ESM protocol.
Open Issue: It may be possible to just use generic NAS transport messages to establish connection to SCEF. CT1 needs input from SA2 to make progress on this aspect.
3.4 CIoT Mobility Issues

For idle mode mobility if a multi-mode UE moves out of NB-IoT cell coverage, then to attach to LTE network should it do a re-Attach as opposed to a TAU? From inter-RAT mobility perspective it should do a TAU. But then the UE would need to have a PDN connection once it is out of coverage of NB-IoT cell, whereas it may not have one prior to that. This increases complexity.

Open Issue: Mobility issues need further clarification from SA2.
3.5 NAS Security enhancements for Sol #2

For solution #2, NAS layer security enhancements are required. Currently both data and signaling use the same NASCount and signaling can get queued behind data. There may be need for separate streams of integrity protection, one for signaling and one for data. SA3 needs to look into these security aspects. SA2 CRs need to reflect this as well.

Open Issue: CT1 may need inputs from SA3 to progress on this aspect.
3.6 Updates to Service Request procedure for Data via MME (Sol #2)

The current service request procedure would initiate user plane establishment in response to paging for MT data case. During idle to connected mode transitions for MT data case, changes are required so as to *not* establish user plane connection, for solution #2. Hence some updates are required to current SR procedure.

Open Issue: CT1 needs to update the service request procedure appropriately
4 Conclusions and Way Forward
CT1 should resolve the following open issues to make progress on development of stage-3 specifications in an efficient manner. If there are other such open issues they need to be identified and resolved in conjunction with these to have a consistent overall view of the work before progressing with detailed stage-3 CRs.
1] Applicability of CIoT solutions to non-NB-IoT UEs: A firm decision on this is needed either from SA2 or RAN plenary as this has significant impacts on stage-2 and stage-3 specification development. Given the state of current discussions in SA2, CT1 probably needs to assume that all CIoT solutions will apply to all E-UTRAN devices in Rel-13 and plan specification development accordingly.
2] Supporting Attach without PDN connection: Using a new state EMM_REGISTERED_2 along with an empty ESM message container may allow re-using the existing Attach request message to support attach without PDN connection. CT1 needs to make a working assumption of how to update TS 24.301 and support Attach without PDN connection taking EMM state machine and large scale specification updates based on built in implicit assumptions into account.
3] Supporting non-IP data delivery via SCEF: It may be possible to just use generic NAS transport messages to establish connection to SCEF. CT1 needs input from SA2 to make progress on this aspect.
4] CIoT Mobility Issues: Mobility issues need further clarification from SA2
5] NAS Security enhancements for Sol #2: CT1 may need inputs from SA3 to progress on this aspect. CT1 may possibly send an LS to SA3 identifying issues that need resolution.

6] Updates to Service Request procedure for Data via MME (Sol #2): CT1 needs to update the service request procedure appropriately.
