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1. Introduction
This paper attempts to summarize the progress in the ongoing stage 2 work on Extended architecture support for CIoT (CIoT_Ext). SA2 has initiated a study item FS_CIoT_Ext (see S2-163133 and TR 23.730 ver 1.2.0) in release-14 to study extended architecture support for Cellular Internet of Things (CIoT). SA2 has completed the study on several key issues and conclusions have been captured in TR 23.730. SA2 has created a normative WID (SP-160732) that was approved in last plenary and a CR with impacts to TS 23.401 has been agreed.
However there are still a few key issues for which currently there are no conclusions in TR 23.730 and the key issues for which conclusions have been agreed can be further updated.

2. SA2 WID objectives and potential CT impacts
In TR 23.730 version 1.2.0 (2016-10) SA2 has specified conclusions for several key issues. We analyse these conclusions and provide some views on potential impacts to CT WGs.

2.1 Key Issue 1 – Authorization of use of Coverage Enhancements.
Key Issue 1 deals with the feature to authorize usage of the Coverage Enhancement (CE) functionality to ensure that only specific subscribers (e.g. those subscribed to use this service) are able to benefit from this feature. SA2 has currently recommended that solution 1 in TR 23.730 in clause 6.1 be the basis for normative work. This solution introduces a new subscription parameter in HSS called Enhanced Coverage Allowed parameter which is kept in HSS and specifies on a per PLMN basis whether enhanced coverage functionality is allowed or not for the UE. Third party service providers can query the status of, or request MNO to enable/disable Enhanced Coverage via the SCEF. 

This solution has impacts in CT1 and CT4 and possibly in CT3. The CT1 impacts would involve updating NAS procedures (ATTACH ACCEPT, TAU/RAU ACCEPT) to receive the Enhanced Coverage Allowed parameter, store this parameter per PLMN in the UE and then based on value of this parameter use the enhanced coverage capability.

The HSS would need to update the subscription information to determine whether UE is allowed to use (CE) or not and then provide this information to MME where it will be stored as part of MM context. The SCEF could query the HSS to determine the status of enhanced coverage and if required enable or disable it. This would have CT4 impacts.

2.2 Key Issue 2 – Reliable communication service between UE and SCEF.
In Rel-13 the solution for non-IP data delivery (NIDD) via the SCEF is unreliable. Key Issue 2 requires the system to support reliable data delivery between the UE and SCEF and further a third party service provider should be able to enable/disable this capability. SA2 has currently recommended that solution 5 in TR 23.730 in clause 6.5 be the basis for normative work. However within solution 5, SA2 is currently deliberating whether to use alternative 5a or alternative 5c or both for this key issue. 

Alternative 5a is based on UE – SCEF acknowledgement and the options specified by SA2 are to either define a new UE – SCEF transport protocol with acknowledgement of data transfer or to use one of the existing transport protocols like MQTT-SN or CoAP. This would have impacts on UE and SCEF.
Alternative 5c is based on hop by hop reliable delivery between UE and eNB and then between eNB and MME and then MME and SCEF. In this case the T6a protocol between MME and SCEF would need to be enhanced to carry acknowledgements from MME to SCEF and hence most of the impact in this case would be on MME and SCEF.

2.3 Key Issue 3 – Inter RAT idle mode mobility to/from NB-IoT.
There is no support for idle mode mobility to and from the NB-IoT RAT in Rel-13. This key issue enables inter-RAT idle mode mobility to/from NB-IoT RAT so that the UE does not have to detach and then re-attach again. SA2 has currently recommended that solution 6 in TR 23.730 in clause 6.6 be the basis of normative work for this key issue.

At Attach time as part of the subscriber data the HSS knows if idle mode mobility is supported or not across "broadband" (WB-E_UTRAN and UTRAN) and "narrowband" (NB-IoT, GPRS, EC-GSM-IoT) RATs. This information is then passed on to MME and then at idle mode mobility event the MME/SGSN uses the EPS Bearer context status IE in TAU/RAU Accept to indicate to UE which bearers should be disconnected and which bearers should be reactivated. The MME/SGSN accepts the TAU/RAU and uses ESM signalling to disconnect any PDN connections that should be disconnected using existing ESM cause values to cause predictable UE behaviour. This solution has impacts on UE as it has to consider NB-IoT and WB-E-UTRAN as separate RATs when receiving cause code #66. The HSS needs new fields to describe how bearers for an APN need to be handled for mobility between narrowband and broadband systems and also needs to send this information to MME.

2.4 Key Issue 4 - Reuse of existing multicast/broadcast architecture

Since a large number of devices involved in IoT could belong to a group for IoT service, they could benefit from receiving downlink data via MBMS. Key Issue 4 looks into issues around reusing existing multicast/broadcast architecture to deliver downlink data. One of the key requirement here is that the system should ensure that during the start of downlink data delivery using MBMS, the UEs are available to receive the service (i.e. ensure that they are not in "deep sleep mode", e.g. due to PSM or eDRX).

SA2 is currently evaluating different solutions for this key issue and no conclusions have been agreed as yet. However during the last conference call solution 17 in clause 6.17 of TR 23.730 emerged as the front runner and this solution reuses MBMS functionality with power saving functions via potential independent wake up for MBMS user service. This solution has several options and they have UE impacts to handle potential UE wake up out of deep sleep due to power savings during a scheduled broadcast that may be interesting for the UE and then ensure the UE remains awake during reception of MBMS data. There are not expected to be any major network impacts for this solution.


[bookmark: _Toc465354464]2.5 Key Issue 5 - Reuse of Location Services architecture for Control Plane CIoT EPS optimization

Key Issue 5 is divided into a number of sub-issues and aims to study the existing location services architecture as described in TS 23.271 [7] to ensure its suitability for UEs using control plane CIoT EPS optimization as this is a mandatory solution in Rel-13. SA2 has currently recommended that solution 13 in TR 23.730 in clause 6.13 be the basis for normative work. 
· For sub-issue 5.2 – Last known location, the solution as described in sub-clause 6.13.2.1 without the support of additional location measurements or an indication to an external client as to when a UE may next become available is proposed as way forward. This solution has no UE impacts but there are impacts to MME, E-SMLC and GMLC.
· For sub-issue 5.5 on UE Positioning the use of idle state by a UE for location measurements as described in sub-clause 6.13.5.1 is proposed as way forward. This solution requires UE to support a new LPP capability flag for position methods for which UE needs to make measurements in idle state. There are impacts to MME, E-SMLC and GMLC as well.
· For sub-issue 5.6 on UE Positioning interaction for NB-IoT, the indication of NB-IoT access for a UE as described in sub-clause 6.13.6.1 is the way forward. This has no UE impact but has impacts on MME and E-SMLC.
· For sub-issue 5.7 on security for NB-IoT, the indication of AS security for a UE as described in sub-clause 6.13.7.1 is the agreed way forward and this solution has no impact on UE but again impacts on MME and E-SMLC.

2.6 Key Issue 6 – Inter UE QoS for NB-IoT control plane optimization.
Key Issue 6 deals with the aspect that currently the eNB has no way to distinguish between priority level of different subscribers for control plane CIoT EPS optimization. The eNB may need this information so that it can (based on operator need) prioritise it’s resources between multiple requests from different subscribers. SA2 has currently recommended that solution 15 in TR 23.730 in clause 6.15 be the basis for normative work. As part of this solution the eNB retrieves the UE context from MME using a new S1-AP procedure.

From CT WGs perspective this solution primarily has CT4 impacts wherein the MME needs to define a new S1-AP procedure, RetrieveUEContextRequest/Response. 


2.7 Key Issue 7 – CN overload control for data transfer via control plane CIoT optimization.
Key Issue 6 requires the system to support procedures to handle CN overload from data transmission via control plane due to enabling control plane CIoT EPS Optimisation. SA2 is currently deliberating whether to use solution 8 or solution 9 for this key issue. 

Solution 8 proposes a control plane data back-off timer that suppresses the use of control plane CIoT EPS Optimisation for data transfer by the UE for the duration of this timer. For solution 8 there would be impacts on MME to provide the value of this timer to UE in NAS procedures (Attach/TAU Accept and Service Accept messages) and also to enable the feature based on UE support for this back-off timer. The impacts would be mostly in CT1 and CT4.

Solution 9 proposes to use an Overload Start message for data transfer via control plane CIoT optimization. When the MME load reaches a threshold, the MME triggers an Overload Start message and sends it to eNB, so that the eNB can restrict selecting this MME for UEs requiring data transfer using control plane CIoT optimization. The eNB could even reject these UEs and even return a wait timer in RRC Connection Release message. This solution has impacts to MME so that it can define a new Overload Start message and there are potential impacts on UE to handle back-off timer from eNB.


3 Summary
The following is the summary of the anticipated CT WG impacts from the stage 2 work on CIoT_Ext. This evaluation is based on the preliminary analysis based on the available study item conclusions and the current version of TR 23.730 and SA2 WID and it is subject to change. However based on the progress in SA2, CT WGs can agreed on the CIoT_Ext WID for stage-3 aspects.


	No
	Key Issue

	CT1 Impacts
	CT4 Impacts

	1
	Authorization of use of Coverage Enhancements
	Updating NAS procedures (ATTACH ACCEPT, TAU/RAU ACCEPT) to receive the Enhanced Coverage Allowed parameter, store this parameter per PLMN in the UE and then based on value of this parameter use the enhanced coverage capability.


	HSS would need to update the subscription information to determine whether UE is allowed to use (CE) or not and then provide this information to MME where it will be stored as part of MM context. The SCEF could query the HSS to determine the status of enhanced coverage and if required enable or disable it. 

	2
	Reliable communication service UE <> SCEF

Alternative 5a: UE – SCEF acknowledgement. define a new transport protocol with acknowledgement of data transfer or to use one of the existing transport protocols like MQTT-SN or CoAP

Alternative 5c: Hop by hop reliable delivery between UE and eNB and then between eNB and MME and then MME and SCEF.

	



UE Impacts


	



SCEF Impacts







T6a protocol between MME and SCEF would need to be enhanced to carry acknowledgements from MME to SCEF 

	3
	Inter RAT idle mode mobility to/from NB-IoT.
	Impacts on UE as it has to consider NB-IoT and WB-E-UTRAN as separate RATs when receiving cause code #66. 
	HSS needs new fields to describe how bearers for an APN need to be handled for mobility between narrowband and broadband systems and also needs to send this information to MME.


	4
	Reuse of existing multicast/broadcast architecture

Solution has several sub-options
	UE impacts to handle potential UE wake up out of deep sleep due to power savings during a scheduled broadcast that may be interesting for the UE and then ensure the UE remains awake during reception of MBMS data. 

	

	5
	Reuse of Location Services architecture for Control Plane CIoT EPS optimization

	Some UE Impacts
	Impacts on MME. E-SMLC and GMLC

	6
	Inter UE QoS for NB-IoT control plane optimization

	
	MME to define a new S1-AP procedure, RetrieveUEContextRequest/Response

	7
	CN overload control for data transfer via control plane CIoT optimization

Solution 8 proposes a control plane data back-off timer

Solution 9 proposes to use an Overload Start message
	



Impacts on UE NAS procedures



Potential impacts on UE to handle back-off timer from eNB
	



Impacts on MME



Impacts to MME so that it can define a new Overload Start message
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