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1. Introduction
CT plenary has approved a new Rel-13 WID on CT Aspects of Architecture enhancements for Cellular Internet of Things (CIoT-CT). Additionally, SA2 has been working on the TR 23.720 to document studies and evaluates the architecture enhancement to support CIoT. SA2 achieved progressed as conclusions to several key issues were agreed and documented in clause 8. Further to that, CT1 received an LS in C1-154066/S2-153695 which provides the agreements on the normative work. This includes to progress the solution 2 from the TR 23.720 as a mandatory feature for the UE and the network and the solution 18 as an optional feature.

SA2 also technically endorsed a number of P-CRs based on the agreements reached by the group. An optimized attach procedure for CIoT is described in one of the technically endorsed CRs (i.e., in S2-154452. A UE, which supports CIoT, performs an attach procedure towards the network. Obviously, this requires changes in stage 3 in order to provide the necessary NAS protocol details.

This discussion paper analyzes the SA2 agreements reached including related technically endorsed P-CRs on attach procedure  so that an analysis is performed to provide a way forward for CT1 progress on attach procedure for CIoT.

2. Discussion
2.1 Current status of stage 2 on attach procedure for CIoT
A CR on Introduction of attach procedure changes for CIoT EPS optimization was technically endorsed by SA2 (in S2-154452). This CR to TS 23.401 is based on the existing attach procedure which is enhanced in order to cope with CIoT requirements and desired functionality.

Based on the attach procedure as described in S2-154452, one can observe the following:
(1) Both the UE and the MME need to provide information on CIoT support and preferences by including appropriate indications (Preferred Network Behaviour indication and Supported Network Behaviour indication). For the case of Preferred Network Behaviour indication the UE can indicate:
· Whether Control Plane CIoT EPS optimisation is supported
· Whether User Plane CIoT EPS optimisation is 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 requested (can be set only when accessing NB-IOT)
The MME indicates the network behaviour accepted in the Supported Network Behaviour indication
(2) A UE, which supports the new NB-IOT RAT, has to indicate support for Control Plane CIoT EPS optimisation by including the Preferred Network Behaviour indication and setting it accordingly.
(3) If SMS without combined attach is requested, the MME is expected to support SMS without the UE performing the combined attach procedure.
(4) Handling of temporary identities is different than today as when the UE roams onto a new PLMN, it has to use IMSI rather than a temporary identity even if one is available. However, if the UE communicates to the RPLMN (or ePLMN), then a valid GUTI is used ("native GUTI"; previously allocated by an MME).
(5) The procedure still indicates that the ESM message container IE is part of the ATTACH REQUEST message but at the same time it has been added that the UE may omit the ESM message container IE (PDN CONNECTIVITY REQUEST message) in the ATTACH REQUEST message when accessing via NB-IOT so that the PDN connection is not established as part of the procedure.
(6) If a PDN CONNECTIVITY REQUEST message is included in the attach procedure, then the PDN type IE indicated can be of type "non-IP".
(7) Voice domain preference and UE's usage setting IE is not included in the ATTACH REQUEST message when accessing via NB-IOT.
(8) Attach of type EPS emergency attach cannot be indicated when accessing via NB-IOT.
(9) The network can either accept or reject (but not modify) the PDN type requested by the UE when the PDN type is set to “"non-IP".
(10) When the UE does not provide PDN connectivity information in the ATTACH REQUEST message, then the network omits the PDN Type and PDN Address in the ATTACH ACCEPT message.
2.2 Alternatives for attach procedure for CIoT
TS 24.301 already provides the EPS attach procedure but CIoT requirements describe a number of particularities which need to be considered as described in the previous section (2.1). One can notice that those particularities are optimization which simply the existing procedure. When considering how to proceed in CT two alternative solutions seems possible:

(1) Enhancement of the existing EPS attach procedure

The existing EPS attach procedure can be reused but appropriate modification would be needed, e.g., new information elements to be exchanged between the UE and the MME, no need of including a PDN CONNECTIVITY REQUEST message and Voice domain preference and UE's usage setting IE when accessing via NB-IOT, enhancement of existing IEs (e.g., PDN type), new logic to be added in the UE and the MME when processing the messages.
When considering reusing the existing procedure, one has to bear in mind that the ESM message container IE is a mandatory information element in the ATTACH REQUEST message. However, is this actually an issue? Another option would be to create a new attach request message similarly as for the service request procedure two messages are defined and the UE decides which to use but is it actually necessary?

(2) Define a new EPS attach procedure for CIoT only
This requires new messages and complete new logic for both the UE and the network (MME).
2.3 Evaluation
To simplify design and accelerate time to market due to reuse of well-known and tested procedure, we should evaluate whether enhancing the existing EPS attach procedure is best or not.

2.3.1 Evaluation based on stage 2 requirements

Note that the SA2 CR in S2-154452 is technically endorsed by not approved yet. Hence, updates can be seen possible though the basis of the CR should be kept. The CR indicates that the UE can omit the ESM message container IE which means in completely but the existing text in the procedure indicates that the UE includes the ESM message container IE in the ATTACH REQUEST message which could be seen as a sort of contradiction. Also, the CR talks about the PDN CONNECTIVITY REQUEST message not been included by the UE. This could be understood as the UE might be able to include a sort of ‘empty’ ESM PDU or any other ESM PDU which would not result in pdn connection being established? This may be considered a strage 3 protocol decision rather than stage 2 as the requirement seems to be not to establish a pdn connection for the UE which do not include the PDN CONNECTIVITY REQUEST message during attach.

What it is clear from the SA2 CR is that the name of the message is the same as per today, i.e., ATTACH REQUEST message and also the reply from the network so no new messages are mandated by SA2 which seems correct as this should be a stage 3 protocol decision which should be take by CT1.

2.3.2 Evaluation on backward compatibility

A key point is the backward compatibility for all alternatives. Obviously, for the case of UEs supporting CIoT and requesting CIoT optimizations towards a network supporting CIoT, there is no issue. The case to consider is the UE, which supports CIoT and requests optimization, but the network is legacy (pre-Rel-13). If the UE is aware that the network does not support CIoT optimizations ,then it should not request them which leads to no problem (no backward compatibility issue). This can be guaranteed by the network providing a ATTACH REJECT message with cause “#96: invalid mandatory information”, and then the UE falls back to a legacy UE behaviour by initiating a existing(‘legacy’) EPS attach procedure. Hence, even for the case the ESM message container is not included in the ATTACH REQUEST message there is no backward compatibility issue.

2.3.3 Evaluation on complexity
Obviously, to create new attach procedure for CIot would require more work for design and implementation as new messages and logics are needed in both the UE and the MME but also this would require new testing from scratch. Also, new abnormal cases handling would need to be analyzed and developed as well as the new procedure collision handling etc. All this is by no means easy task but of course feasible if actually required.

The evaluation for all alternative solutions can be summarized in below Table 1. Note that for the solution (1) below, it refers only to reuse the Uplink/Downlink generic NAS transport message.

Table 1: Solution evaluation
	Solution
	Pros.
	Cons.
	Backward compatibility

	(1)
	· Simplest and fast to market.
· The existing messages and necessary IEs can be reused.
	· The UE and MME’s behaviour needs to be enhanced as well as updates to few information element (e.g., PDN type IE). New IEs to be added; Preferred Network Behaviour indication and Supported Network Behaviour indication.
	· No issue if the UE is aware that the registered network does not support CIoT.

	(2)
	· Simpler, all types of C-IoT data were transported via the same NAS message.
· The UE’s behaviour for existing NAS messages is not impacted.
	· Add new procedure for CIoT with all included drawbacks (new messages, including the new message type and new IEs, hence more complicated for implementation.
· New UE and MME’s behaviour need to be added, e.g. handling of new abnormal cases and procedure collisions.
· Testing to be performed from scratch
· Delay time to market
	· No issue if the UE is aware that the registered network does not support CIoT.



2.4 Proposal
Based on the solution evaluation given in section 2.3, the alternative #1 is better than the other alternative solution when taking all Pros. and Cons into account. Hence, we propose to adopt solution#1 as a stage 3 implementation way to implement the CIoT requirement for the attach procedure.

3. Conclusion
This discussion paper shows, based on the technically endorsed SA2 CR and after analysis and evaluation, that the alternative #1enhancement of the existing EPS attach procedure seems to be the best approach for CT1 to start incorporating stage 3 protocol details in their specifications.

Based on the solution evaluation, we propose CT1 to adopt alternative #1 as a way forward.
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