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1. Objective
This paper discusses the UE behaviour upon receiving, from the network, indications of the accepted and the supported CIoT features. Currently, the UE behavior is not clearly defined, creating a possibility of incompatible implementations on the UE and on the network sides, respectively. The paper defines two options for specifying the UE beahaviour and proposes that CT1 agree to one of them.
2. Background

In TS 23.401, SA2 specified the following:
A UE includes in a Preferred Network Behaviour indication the Network Behaviour the UE can support and what it would prefer to use.

…
The MME indicates the network behaviour the network accepts in the Supported Network Behaviour information. This indication is per TAI List. The MME may indicate one or more of the following:

-
Whether Control Plane CIoT EPS optimisation is supported.

-
Whether User Plane CIoT EPS optimisation is supported.

-
Whether S1-U data transfer is supported.

-
Whether SMS transfer without Combined Attach is accepted.

-
Whether Attach without PDN Connectivity is supported.

-
Whether header compression for Control Plane CIoT EPS optimisation is supported.

The above text mixes together:

· the indications of preferring with the indications of supporting (of CIoT features) in the PNB sent from the UE to the network; and

· the indications of accepting with the indications of supporting (of CIoT features) in the SNB sent from the network to the UE.
Note, that, for PNB, the wording seems to hint that the UE sends separate sets of indications of preferring and supporting, respectively. On the other hand, for SNB, the terms “accepting” and “supporting” seem to be used interchangeably to describe a single set of indications. 

In TS 24.301, CT1 specfied four sets of indications implementing the stage-2  PNB/SNB framework. There are two sets of indications in each direction:
· Additional Update Type IE and UE network capability IE (UE(MME)

· Additional Update Result IE and EPS network feature support IE (MME(UE)

The table below shows all the individual indications and their encoding.
	Direction
	Message
	IE
	Field/octet
	Values
	Description
	Notes/Issues

	UE(MME
	Attach/TAU Request
	Additional update type
	Octet 1 bits 3 and 4 
(PNB-CIOT)
	00 no info

01 CP-CIOT

10 UP-CIOT

11 reserved
	Requested optimizations. Maps onto “preferred” features in PNB in TS 23.401.
	Requesting both CP-CIoT and UP-CIoT currently not possible



	UE(MME
	Attach/TAU Request
	UE network capability
	Octet 8 bit 3 (CP CIOT)
	0 CP-CIOT not supported

1 CP-CIOT supported
	Indication of support. Maps onto “supported” features in PNB in TS 23.401.


	

	UE(MME
	Attach/TAU Request
	UE network capability
	Octet 8 bit 4 (UP CIOT)
	0 UP-CIOT not supported

1 UP-CIOT supported
	
	

	UE(MME
	Attach/TAU Request
	UE network capability
	Octet 8 bit 5 (S1-U data)
	0 S1-U data not supported

1 S1-U data supported
	
	

	UE(MME
	Attach/TAU Request
	UE network capability
	Octet 8 bit 6 (ERw/oPDN)
	0 Attach w/out PDN supported

1 Attach w/out PDN not supported
	
	

	UE(MME
	Attach/TAU Request
	UE network capability
	Octet 8 bit 7 (HC-CP CIOT)
	0 HC data not supported

1 HC data supported
	
	

	MME(UE
	Attach/TAU Accept
	Additional update result
	Octet 1 bit 3 (ANB-CP-CIOT)
	0 CP-CIOT not accepted

1 CP-CIOT accepted
	Indication of acceptance. 


	1. UE behavior upon receiving these indications is not specified in 24.301.

2. Mapping onto SNB in 23.401 is not clear.
3. There is EN: “The procedures to be updated when both ANB-CP-CIOT and ANB-UP-CIOT are set to 1 are FFS.”


	MME(UE
	Attach/TAU Accept
	Additional update result
	Octet 1 bit 4 (ANB-UP-CIOT)
	0 UP-CIOT not accepted

1 UP-CIOT accepted
	
	

	MME(UE
	Attach/TAU Accept
	EPS network feature support
	Octet 3 bit 7 (ERw/oPDN)
	0 Attach w/out PDN supported

1 Attach w/out PDN not supported
	Indication of support.


	4. UE behavior upon receiving these indications is not specified in TS 24.301.

5. Mapping onto SNB in TS 23.401 is not clear.



	MME(UE
	Attach/TAU Accept
	EPS network feature support
	Octet 3 bit 8 (CP CIOT)
	0 CP-CIOT not supported

1 CP-CIOT supported
	
	

	MME(UE
	Attach/TAU Accept
	EPS network feature support
	Octet 4 bit 1 (UP CIOT)
	0 UP-CIOT not supported

1 UP-CIOT supported
	
	

	MME(UE
	Attach/TAU Accept
	EPS network feature support
	Octet 4 bit 2 (S1-U data)
	0 S1-U data not supported

1 S1-U data supported
	
	

	MME(UE
	Attach/TAU Accept
	EPS network feature support
	Octet 4 bit 3 (HC-CP CIOT)
	0 HC data not supported

1 HC data supported
	Indication of support.
	


3. Problem description
From the implementation point of view, the situation described in Section 2 may lead to overly complex and incompatible UE and network implementations as described in the following:

a) There is no clear mapping between the stage-2 PNB/SNB framework in TS 23.401 and the related stage-3 protocol implementation in TS 24.301. While SNB description seems to indicate one set of indications from the network to the UE, the encoding in TS 24.301 provides two sets of indications. This will create implementation issues with the procedures in TS 23.401, which only talk about the PNB and the SNB and do not take into consideration the further differentiation introduced in stage 3. For example, when 23.401 says in the description of the Attach procedure: “The MME indicates the CIoT EPS optimisations it accepts in the Supported Network Behaviour information” it is not clear whether this pertains to the indication in the EPS feature network support IE or in the Additional update result IE.
b) The UE behaviour in relation to the uplink and downlink indications in TS 24.301 is not specified. For example:
· It is not clearly specified which procedures must be supported by the UE and the network indicating support for control plane or user plane CIoT EPS optimization;
· It is not clearly specified which CIoT procedures the UE is allowed or not allowed to initiate upon receiving indication of acceptance from the MME (e.g. ANB-CP-CIoT or ANB-UP-CIOT). For example, if the network sets ANB-CP-CIOT to 1 and ANB-UP-CIOT to 0, some UEs/MMEs may interpret this setting such that the switch from control plane CIOT to user plane CIOT (i.e. CPSR with “active” flag) is not allowed (because the user plane CIOT is not allowed). Other UEs may draw a different conclusion and initiate CPSR with ”active” flag nevertheless. Some MMEs may then reject this procedure in this scenario;
· The UE behaviour upon receiving certain indication of support from the network is not clear. For example, what is the UE supposed to do if the network indicates that it supports CP-CIOT but the network does not accept the UE’s request to use CP-CIOT? For example, some UEs may re-try the request in the same PLMN/TA while other UEs may look for another PLMN/TA;
· The UE-side error handling is not clarified for example in the scenario when the UE did not request to use CP-CIOT and the network indicates acceptance of CP-CIOT; 
· Illogical setting of the indications is allowed, e.g. the MME can indicate the acceptance of control plane CIOT EPS optimization and also indicate that control plane CIOT EPS optimization is not supported;
c) Some indications seem to be unnecessary. For example, ANB-UP-CIOT indicates the acceptance by the network of the user plane EPS CIOT optimization but the procedures related to the user plane EPS CIOT optimizations (i.e. RRC Suspend) are network-initiated
d) Remaining editor’s note in TS 24.301 subclause 9.9.3.0A: “The procedures to be updated when both ANB-CP-CIOT and ANB-UP-CIOT are set to 1 are FFS.” adds to the confusion about the UE behaviour in regard to the downlink indications; and
Due to the severity of the above issues, it is necessary to address them in the Release 13 timeframe. Two options to resolve issues a), b) c) and d) are discussed in the subsequent sections. The two respective solutions are implemented in the CRs in C1-164331 and C1-164333. Furthermore, the issue of the definition of support for control plane or user plane CIoT EPS optimization is addressed in C1-164335.
4. Proposed solutions
4.1 Definitions of support

The following definitions of support for CIOT features are proposed:

	Supported feature
	Supported procedures

	Control plane EPS CIOT optimization
	1. CPSR without “active flag”

2. ESM DATA TRANSPORT

3. If S1-U data transfer is supported: CPSR with “active” flag

	S1-U data transfer
	1. Legacy SR

2. If control plane EPS CIOT opt. is supported: CPSR with “active” flag

	User plane EPS CIOT optimization
	1. Suspend/Resume
2. S1-U data transfer


4.2. Downlink indications (MME(UE)
Alternative #1 
In this alternative, the CT1 approach to delimit the acceptance from the support in the downlink indications is preserved; namely:

· The network indicates to the UE what the network accepts, i.e. which procedure the UE is allowed to initiate, using the indications in the Additional update result IE, according to the following table:

	ANB-CP-CIOT
	ANB-UP-CIOT
	UE interpretation and behaviour

	0
	0
	Not allowed to initiate CPSR procedure or ESM DATA TRANSPORT.

	1
	0
	Allowed to initiate CPSR without “active” flag set and ESM DATA TRANSPORT. 

Allowed to initiate CPSR with “active” flag if S1-U data bit in the EPS network feature support IE is set to 1.

	0
	1
	Not allowed to initiate CPSR without “active” flag set or ESM DATA TRANSPORT. 

Allowed to initiate CPSR with “active” flag set if CP CIOT bit in the EPS network feature support IE is set to 1. 

	1
	1
	Allowed to initiate CPSR without and with “active” flag set and ESM DATA TRANSPORT.


· The network indicates to the UE what the network supports using the indications in the EPS network feature support IE, according to the following table: 

	Indication
	UE interpretation and behaviour
	Note

	CP CIOT
	0 - control plane CIOT EPS optimization not supported. 
UE cannot request it in this PLMN/TA;

1 - control plane CIOT EPS optimization supported. 
UE can request it in this PLMN/TA.


	Acceptance to use control plane CIOT EPS optimization is indicated separately using ANB-CP-CIOT

	UP CIOT
	0 - user plane CIOT EPS optimization not supported. 

1 - user plane CIOT EPS optimization supported. 
NOTE: if UP CIOT is set to 1 then S1-U data shall be set to 1.
	Acceptance to use user plane CIOT EPS optimization is indicated separately using ANB-UP-CIOT

	S1-U data
	0 – S1-U data transfer not supported. UE cannot request it in this PLMN/TA. 

1 – S1-U data transfer supported. UE can request it in this PLMN/TA.
	


Alternative #2 

In this alternative, the PNB/SNB framework in TS 23.401 is followed verbatim; namely: 

· The network indicates to the UE what the network supports, i.e. which procedure the UE is allowed to initiate, using the indications in the EPS network feature support IE, according to the following table:

	Indication
	UE interpretation and behaviour

	CP CIOT
	0 - control plane CIOT EPS optimization not supported. UE cannot use or request it in this PLMN/TA. 

1 - control plane CIOT EPS optimization supported. UE can use or request it in this PLMN/TA. 

	UP CIOT
	0 - user plane CIOT EPS optimization not supported.
1 - user plane CIOT EPS optimization supported. 

NOTE: if UP CIOT is set to 1 then S1-U data shall be set to 1.



	S1-U data
	0 – S1-U data transfer not supported. UE cannot use or request it in this PLMN/TA. 
1- S1-U data transfer supported. UE can use it or request it in this PLMN/TA.


· There is no need for separate indications of acceptance, i.e. the ANB-CP-CIOT and ANB-UP-CIOT indications are not specified.

Comparison
The key difference between Alternative 1 and Alternative 2 is the separation between the indications of acceptance and support. This allows the network to indicate to the UE that the control plane and user plane CIOT optimizations are supported even if:

a) the UE requested to use control plane and/or user plane CIOT optimizations but is (currently) not allowed to use them; or
b) the UE attached without requesting control plane and user plane CIOT optimizations, i.e. just indicating support. 
In either case, it is not clear how the UE could benefit from the network’s indication of support without acceptance. In the current specification, there isn’t any specified UE behavior making use of this knowledge.
While Alternative 1 aims at clarifying the UE behavior upon receiving the indications from the network, it only partially mitigates the other issues listed in Section 2. For example: the ANB-UP-CIOT indication still appears unnecessary, since the Suspend/Resume procedure is network-initiated. In order to be useful at all, the ANB-UP-CIOT indication needs to act like an indication of acceptance for S1-U data rather than acceptance of user plane EPS CIOT optimization.  

The benefits from Alternative 2 would be: 

1. Alignment with the stage 2 SNB/PNB framework

2. Simpler and cleaner implementation.
Based on the above, the Alternative #2 would be the preferred approach.
4.3. Rules for setting of indications
The following setting should be mandatory:

· If UP CIOT is set to 1 then S1-U data shall be set to 1

6. Proposals
Proposal 1: Agree on the definitions of support for CIOT features presented in section 4.1 as proposed in C1-164335
Proposal 2: Agree on one of the two alternative presented in this contribution and in the related CRs in C1-164331 and C1-164335.  

Proposal 3: Clarify the rules setting of the indications according to section 4.3. This is implemented in the CRs for Alternatives 1 and 2. 
