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1. Introduction 
At SA2#112, several operators and network vendors wanted to re-use current EPS entity with small update, so how to adapt the concluded architecture of CIoT to existing architecture has been mainly discussed. The working assumptions for the user plane CIOT optimization was endorsed in S2-154453[1]. This contribution RAN3 impact of the user plane CIOT optimization according to SA2’s working assumptions.
2. Discussion
2.1 Attach 

	S2-154394[2]
Access Restriction: Indicates the access restriction subscription information. It may include different values for HPLMN and roaming case. It includes separate settings for WB-E-UTRAN and NB-IoT.


	S2-154452[3]
4.3.5.x
Preferred and Supported Network Behaviour

The UE includes in the Preferred Network Behaviour indication the Network Behaviour the UE can support and what it would prefer to use.

The Preferred Network Behaviour includes this information: 

· Whether Control Plane CIoT EPS optimisation supported

· Whether User Plane CIoT EPS optimisation supported

· Whether Control Plane CIoT EPS optimisation is preferred or  whether User Plane Plane CIoT EPS optimisation is preferred

· Whether  S1-u data transfer is supported

· Whether SMS without Combined Attach is reqested

If SMS without Combined EPS Attach is requested, the MME is expected to support SMS without the UE performing the combined EPS attach specified in TS 23.272 [58]

If S1-u dta transfer is supported the UE supports data transfer that is not subject to CIoT EPS Optimisations

The MME indicates the network behaviour it accepts in the Supported Network Behaviour information. 
A UE that support NB-IOT RAT shall always indicate support for Control Plane CIoT EPS optimisation. 


When the UE in connected mode, the user plane CIOT optimization behavior at EUTRAN is different from the legacy handling as follows

· For NB IOT specific behavior: 

· no HO

· support non GBR bearer only 

· the RAT technology of NB IOT should be applied, e.g. narrow band resource allocation

· For the specific behavior of the user plane CIOT optimization

· The eNB could initiate the suspend of the UE context when the UE becomes inactive

During attach, the network behavior for CIOT is decided by the MME according to

· the preferred and supported CIOT behavior of the UE
· the capability of the eNB for NB IOT 
· the capability of the MME for NB IOT
· The subscription data of the UE for NB IOT, e.g. the access restriction for NB IOT.
However, the decided CIOT behavior is only exchanged between the UE and the MME over the attach procedure. It is transparent to the eNB. 

The cell of the NB IOT eNB may support NB IOT only or may support NB IOT and WB EUTRAN. The NB IOT UE may support to access NB IOT only or may support to access NB IOT and WB EUTRAN. 

During attach procedure, a UE not only supporting NB IOT may access to a NB IOT + WB EUTRAN cell with the preference of the user plane CIOT optimization. During attach procedure, after receiving the Initial UE Message, 

· If the UE is not allowed to access the NB IOT but allowed to access WB EUTRAN, the MME confirms the UE’s behaviour is S1-U data transfer. The MME send the supported behaviour to the UE via the NAS PDU in the Initial Context Setup Request. The eNB should reconfigure the UE with the WB EUTRAN resource. After the completion of the data transfer, the eNB release the UE connection and the UE context.

· If the UE is allowed to access the NB IOT, the MME confirms the UE’s behaviour is the user plane CIOT optimization. The MME send the supported behaviour to the UE via the NAS PDU in the Initial Context Setup Request. The eNB should reconfigure the UE with the NB IOT resource. After the completion of the data transfer, the eNB releases the UE connection but suspends the UE context.

Since the received message is the same, the eNB cannot distinguish the user plane CIOT optimization and non user plane optimization.

 Observation1:  The eNB cannot distinguish the user plane CIOT optimization and non user plane optimization.

Alt1: The MME indicates the decided CIOT behaviour to the eNB by a CIOT indication IE. When the CIOT indication is present, the NB IOT specific behaviour should be applied. When it is not present, the NB IOT resource is not needed any more.

Alt2: The eNB decides the CIOT behaviour according to the follows:

· The preferred and supported CIOT behavior of the UE

· the capability of the eNB for NB IOT 
· the capability of the MME for NB IOT
· The subscription data of the UE for NB IOT

However, Alt2 exposes the subscription data of the UE to the UE. The eNB’s decision is also redundant with regard to the already defined MME decision of the network behavior.  Alt1 is more straightforward and brings in less complexity to the eNB’s behavior. 

Proposal1: The MME indicates to the eNB whether the user plane CIOT optimization is confirmed for the UE.
2.2 Suspend
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Fig1. eNB initiated Suspend Connection procedure
According to the SA2 WA, the suspend procedure is initiated by the eNB. The RRC suspend is enforced after the S1 suspend. When the UE becomes inactive, the eNB suspends the UE context. The trigger for the UE context  suspend seems the same as that for the UE context release. 

Reuse the existing message or the new singling procedure.
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Fig2. Signalling Procedure Candidates for the Resume Success 

A suspend indication in the UE Context Release Request and UE Context Release Command seems attractive. When the eNB initiates the suspend request to the MME, the MME could decide to initiates the UE context suspend procedure. 
Proposal2: It is attractive to reuse to the UE Context Release Procedure to define the suspend procedure. 
2.2 Resume 
	S2-154453[1]

By using the Resume Connection procedure, see sub-clause 5.3.4A and TS 36.300 [5]:

- UE resumes the connection with the network using the AS information stored during the Suspend Connection procedure

- eNodeB notifies the MME that the connection with the UE is resumed and MME enters ECM-Connected

If a MME has a S1AP association stored for a UE and the MME receives for that UE a EMM procedure over another UE-associated logical S1-connection or at Tracking Area Update procedure with MME change, the MME and the involved eNodeB shall delete that stored S1AP association using the S1 Release procedure, see sub-clause 5.3.5 and TS 36.413 [36].
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Fig2. UE initiated Resume Connection procedure
According to the SA2 WA, the resume procedure is initiated by the UE. After the RRC connection resume, the AS context are resumed on both the UE and the eNB side. The AS context includes the AS information, the S1AP association related info, the bearer context, etc. The S1 resume is the subsequent procedure of the RRC resume, mainly to resume UE context on the MME and to re-establish the S1-U tunnel at the SGW.

For resume procedure, several issues are discussed as below

· How to identify resumed UE context at the MME.
· The possible resume failure cases.
· Whether the duplicated UE contexts for the same UE is allowed.
· Reuse the existing message or new message.
2.2.1 UE identification

During RRC suspend, the eNB allocates a resume ID for the UE. During RRC resume, the UE indicates the allocated resume ID to the eNB to find the suspended UE AS context. 

During S1 suspend, the MME/eNB UE S1AP ID are stored at both the eNB and the MME sides. After receiving the S1 resume request, the MME could reuse the old pair of the MME/eNB UE S1AP ID to identify the suspended UE context.

Proposal3: To indicate the stored pair of the MME/eNB UE S1AP ID to the MME to identify the suspend UE context.
2.2.2 Resume failure
	23.720

6.18.1.5
Resumption when AS information is not available in the eNB

If a UE attempts to resume the RRC connection and the AS information is not available in the eNB, the UE shall fall back to Connection setup procedure and send a NAS Service Request message. In this sub-clause it is assumed that the AS information is located in eNB_OLD.


The RRC resume failure case has already defined, but the S1 resume failure case is not defined yet.
There are several cases for S1 resume failure:

1) Based on the MME UE S1AP ID in the S1 resume request, the MME doesn’t find the UE context.
2) Based on the MME UE S1AP ID in the S1 resume request, the MME does find the UE context. But the associated UE context doesn’t be suspended. E.g., the MME doesn’t find the suspended eNB transport address, eNB tunnel ID, eNB S1AP ID, MME S1AP ID in the UE context.

Alt1: the MME responses the Resume Failure message to the eNB to release the RRC connection and the stored UE S1AP ID related UE context.

Alt2: the MME response the UE Context Release message to the eNB to release the RRC connection and the stored UE S1AP ID related UE context. After the release, the eNB replies the UE Context Release complete to the MME.
Alt1 seems more straightforward and make the resume as a close loop procedure.
Proposal4: The resume procedure is proposed as follows: Resume Request, Resume Response and Resume Failure.  
2.2.3 Duplicated UE contexts
	S2-154453[1]
- eNodeB notifies the MME that the connection with the UE is resumed and MME enters ECM-Connected

If a MME has a S1AP association stored for a UE and the MME receives for that UE a EMM procedure over another UE-associated logical S1-connection or at Tracking Area Update procedure with MME change, the MME and the involved eNodeB shall delete that stored S1AP association using the S1 Release procedure, see sub-clause 5.3.5 and TS 36.413 [36]. 


In last meeting, whether to allow the duplicated UE contexts for the same UE was discussed.  According to newly endorsed WA endorsed in SA2#112, when the MME receives the initial UE context with the new S1AP ID, the MME should delete the stored S1AP ID association.

Observation2:  The duplicated UE contexts for the same UE is not allowed.
2.2.4 Reuse the existing message or new message 
The candidate signaling analysis for the resume procedure is listed as follows:
	
	Candidates
	The existing mandatory IE
	New IE Required
	Analysis

	Resume Request

(eNB->MME)
	Initial UE message
	The below mandatory IE should be reused 

· Message Type

· eNB UE S1AP ID(old) 

The below mandatory IE could be  reused 

· TAI(M)

· E-UTRAN CGI(M)

· RRC Establishment Cause(M)

The below mandatory IE may be ignored

· NAS-PDU(M) : NAS PDU is not mandatory for the Resume Request
	The below IE could be added.

MME UE S1AP ID(old) (M) – this IE could also work as a Resume Request indication.
	

	
	New S1 message: Resume Request
	Message Type(M)

eNB UE S1AP ID(old) (M)

MME UE S1AP ID(old) (M)
	
	

	Resume Response

(MME->eNB)
	The Downlink NAS Transport
	The below mandatory IE should reused 

· Message Type(M)

· eNB UE S1AP ID(old) (M)

· MME UE S1AP ID(old) (M)

The below mandatory IE may be ignored

· NAS-PDU(M) : NAS PDU is not mandatory for the Resume Request
	A Resume Response Flag is required to distinguish normal UE context setup and UE context resume
	

	
	The Initial Context Setup Request
	The below mandatory IE should reused 

· Message Type(M)

· eNB UE S1AP ID(old) (M)

MME UE S1AP ID(old) (M)

The below mandatory IE may be ignored

· UE Aggregate (M) Maximum Bit Rate

· E-RAB to Be Setup List(M)
· UE Security Capabilities(M)
· Security Key(M)
	A Resume Response Flag is required to distinguish normal UE context setup and UE context resume since the duplicate UE context is not allowed
	It is 

	
	New S1 message: Resume Response
	Message Type(M)

eNB UE S1AP ID(old) (M)

MME UE S1AP ID(old) (M)
	
	

	Resume Failure
(MME->eNB)
	UE Context Release Command
	Message Type(M)

eNB UE S1AP ID(old) (M)

MME UE S1AP ID(old) (M)

Cause(M)
	New cause value for the Resume Failure should be added
	When the UE context is incorrect at the MME, the stored UE context at the eNB should be release and the eNB release the RRC connection.



	
	New S1 message: Resume Failure 
	Message Type(M)

eNB UE S1AP ID(old) (M)

MME UE S1AP ID(old) (M)

Cause(M)
	A  cause IE may be need 
	The eNB implicitly release the RRC connection of the UE and the relevant UE context after receiving the Resume Failure.
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Fig3. Signalling Procedure Candidates for the Resume Success 
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Fig4. Signalling Procedure Candidates for the Resume Failure

If the exiting signalling is reused, a lot of exception cases should be defined and a lot of the existing signal procedure need to be updated to distinguish the existing functionality and the resume. The resume procedure is tightly coupled with the exiting procedure, which brings in great complexity. The more straightforward way forward is to define a new independent procedure for the resume procedure.

Proposal5: It is proposed to define a new class1 messages to define the resume procedure.
3. Conclusion 

This contribution RAN3 impact of the user plane CIOT optimization according to SA2’s working assumptions.
Observation1:  The eNB cannot distinguish the user plane CIOT optimization and non user plane optimization.

Proposal1: The MME indicates to the eNB whether the user plane CIOT optimization is confirmed for the UE.
Proposal2: It is attractive to reuse to the UE Context Release Procedure to define the suspend procedure. 
Proposal3: To indicate the stored pair of the MME/eNB UE S1AP ID to the MME to identify the suspend UE context.
Proposal4: The resume procedure is proposed as follows: Resume Request, Resume Response and Resume Failure.  
Observation2:  The duplicated UE contexts for the same UE is not allowed.
Proposal5: It is proposed to define a new class1 messages to define the resume procedure.
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5. Modify Bearer Response
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3. Uplink Data
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