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1. Introduction
In CT1#96 meeting, the paging response for MT CIoT data over NAS was discussed based on an input DISC paper C1-161012 w/o CR action. This was also discussed in a CT1 telco but still no common consensus achieved.
This discussion paper attempts to re-visit this topic to provide more detail analysis per scenarios in order to pave a way for CT1 to achieve a consensus. During the whole paper, it proposes to keep a merit in mind that to provide a resource efficient and signaling optimized solution for CIoT data transfer as far as possible.
2. Analysis per scenarios
To provide a whole picture for paging response for CIoT paging, below four (4) scenarios are considered:

(I) Only CP EPS optimization is used (in section 2.1)

(II) Only UP EPS optimization is used (in section 2.2)

(III) Both CP and UP EPS optimization are used simultaneously (in section 2.3)

(IV) Both CP EPS optimization and legacy UP are used simultaneously (in section 2.4)

For below two scenarios, we think they can be covered by the Scenario (II) as per analysed in below section 2.2 and 2.3, and will not be discussed in this section (regardless whether them are the valid scenarios):

(V) Both UP EPS optimization and legacy UP are used simultaneously
(VI) CP EPS optimization, UP EPS optimization and legacy UP are used simultaneously
2.1 Only CP EPS optimization is used
The UE indicated in the “UE network capability” IE that only CP EPS optimization is supported in the Attach Request message and the MME accepts to use the CP EPS optimization in the Attach Accept message; or the UE indicated in the “UE network capability” IE that both CP and UP EPS optimization are supported in the Attach Request message but the MME only accepts to use the CP EPS optimization in the Attach Accept message.

In this case, the legacy RRC setup procedure is triggered to turn the UE from the idle mode to the connected mode and the legacy S1/RRC release procedure is trigger to move the UE back to the idle mode from the connected mode. During the whole ECM mode transfer, there is no user plane radio bearer (DRBs/RBs) need to be established.

For the paging response for MT CIoT data transfer, as per analysed and evaluated in the DISC paper C1-161012, to reuse the legacy Service Request as paging response for CIoT paging needs essential change on the existing Service Request procedure. If keep the legacy Service Request procedure unchanged, the established user plane radio bearer (DRBs/RBs) is not optimized for the CIoT data transfer over NAS. 
Hence, to use the NAS message used for UL CIoT data transfer from idle mode with an empty CIoT data container is a more resource efficient way for the CIoT data transfer over NAS. This is also signalling optimized in case of the UE just has an UL CIoT data to be sent at the time of receiving the paging, in which the NAS message can be used for both UL data transfer and paging response.
Note that CT1 has to decide an NAS message used for UL CIoT data transfer from idle mode which includes a CIoT data container. So there is no additional work for the paging response.

Proposal I: In case of only CP EPS optimization is used, it proposes to use the NAS message used for UL CIoT data transfer from idle mode with an empty CIoT data container.
2.2 Only UP EPS optimization is used
The UE indicated in the “UE network capability” IE that only UP EPS optimization is supported in the Attach Request message and the MME accepts to use the UP EPS optimization in the Attach Accept message; or the UE indicated in the “UE network capability” IE that both CP and UP EPS optimization are supported in the Attach Request message but the MME only accepts to use the UP EPS optimization in the Attach Accept message.

In this case, after the initial AS context was setup via the legacy Service Request procedure, the RRC suspended procedure triggered by the eNB moves the UE back to the idle mode (with a suspended indication) from the connected mode and the RRC resume procedure triggered by the UE turns the UE from the idle mode to the connected mode. During the whole ECM mode transfer, the user plane radio bearers (DRBs/RBs) need to be activated.

For the paging response for MT CIoT data transfer, as per specified in stage TS 23.401 subclause “5.3.4.3 Network Triggered Service Request”:
“5.When UE is in the ECM-IDLE state, upon reception of paging indication in E-UTRAN access, the UE initiates the UE triggered Service Request procedure (clause 5.3.4.1) or, if the UE is enabled to use User Plane EPS Optimization and there is suspended access stratum context stored in the UE, the UE initiates the Connection Resume procedure (clause 5.3.5A).”

If following above stage 2 mechanism, the RRC resume procedure is triggered and no NAS message is required for the paging response.

2.3 Both CP and UP EPS optimization are used simultaneously
The UE indicated in the “UE network capability” IE that both CP and UP EPS optimization are supported in the Attach Request message and the MME accepts to use both CP and UP EPS optimization in the Attach Accept message. 

Not that this scenario has NOT be treated as a valid case during the ongoing SA2/RAN2 discussion, especially, for one EPS bearer whether it can be switched between CP and UP EPS optimization. For the simplicity, here we assume the UE and the network have established two EPS bearers for CIoT data transfer: one bearer used for CP optimization and another one used for UP optimization.
Once the UP optimization is used, as specified in the stage 2 TS 23.401 subclause “4.11 User Plane EPS Optimization” as below, the RRC suspend/resume procedure SHALL be used for the ECM mode transfer. This does mean for the paging response, the same as in scenario (II), the RRC resume procedure is triggered and no NAS message is required for the paging response.
“At any subsequent transaction trigger from the NAS layer when UE is in ECM-IDLE, the UE shall attempt the Connection Resume procedure, see clause 5.3.5A and TS 24.301 [46]. If the Connection Resume procedure fails, the UE initiates the pending NAS procedure, see TS 24.301 [46].”
Note that in this case, even the user plane radio bearers (DRBs/RBs) need not to be activated for the CP optimization but the UE does not know whether the paging is for CP optimization or UP optimization. To make sure the UP optimization can work, the UE should perform for the worst case. Another key point is: in case of there is AS context stored at the eNB for a UE in a suspended state, how can the eNB proceed the new RRC connection setup request from the same UE is still not unclear and needs to be discussed in RAN2. 
Based on the analysis given in section 2.2 and 2.3, we can have:

Observation I: once the UP EPS optimization is used (i.e. there is AS context stored for an idle mode UE), the RRC resume procedure is triggered and no NAS message is required for the paging response.
2.4 Both CP EPS optimization and legacy UP are used simultaneously
The UE indicated in the “UE network capability” IE that both CP EPS optimization and S1-U data transfer are supported in the Attach Request message and the MME accepts to use both CP EPS optimization and S1-U data transfer in the Attach Accept message. No UP EPS optimization is indicated by the UE.
The UE may also enter this scenario in case: the UE indicated in the “UE network capability” IE that CP EPS optimization, UP EPS optimization and S1-U data transfer are supported in the Attach Request message and the MME accepts to use all them in the Attach Accept message. However, the eNB decides NOT to trigger the RRC suspend procedure (e.g. to use the legacy UP) or the eNB does not support the RRC suspend procedure (e.g. the legacy eNB).
We do doubt this scenario is a valid case due to we are wondering why the CP EPS optimization is still needed when the legacy UP is used (the CIoT data can be transferred using the legacy UP). However, to provide a whole picture discussion, we cover it here as well.
In this scenario, no RRC suspend procedure was performed and hence the legacy S1/RRC release procedure is triggered to move the UE back to the idle mode from the connected mode. As a result, there is no AS context stored at the UE, the eNB and the MME after entering the idle mode.
Similar as in scenario (III) in section 2.3, for the simplicity, here we assume the UE and the network have established two EPS bearers for data transfer: one bearer used for CP optimization for CIoT data transfer and another one used for the legacy UP for normal data transfer.
Upon receipt of a paging, the UE does not know whether the paging is for CP optimization or the legacy UP but the MME knows. The bearer with S11-U context established is used for CP optimization and the bearer with S1-U context established is used for legacy UP.
To make a resource efficient solution for CIoT data transfer as far as possible, by default, the UE treats the paging as for CP optimization and then similar as in Scenario (I), to use the NAS message used for UL CIoT data transfer from idle mode with an empty CIoT data container as a paging response.
At the MME side, once receive such paging response, if the current paging is for CP optimization, then treats the paging procedure is completed and directly send the pending DL CIoT data over NAS to the UE. No user plane radio bearers (DRBs/RBs) need to be activated here.
If the current paging is for legacy UP, then treats the paging procedure is completed. Additionally, the MME needs to proceed the same action as per legacy behaviour in case of during a TAU w/o active flag but there is DL pending user plane data sent to the UE, i.e. the MME needs actively initiate the user plane radio bearers (DRBs/RBs) establishment procedure (via initiating the initial UE context setup procedure to the eNB and the RRC reconfiguration procedure to the UE). After the successful establishment of user plane radio bearers, the DL normal user data can be delivered to the UE via the legacy UP transfer.
Finally, for the UE, it just needs to send the NAS message used for UL CIoT data transfer from idle mode with an empty CIoT data container as a paging response, regardless whether the paging is for CP optimization or the legacy UP. Here the UE’s behaviour is the same as in Scenario (I).

3. Summary and proposal
Based on the Observation I, if there is an AS context stored at an idle mode UE, no NAS message is required for the paging response. 

So we only need to care the case there is NO AS context stored at an idle mode UE. In this case, once CP optimization is used, it is a resource efficient and signaling optimized solution for CIoT data transfer over NAS that the UE proceeds the paging response as in Proposal I: to use the NAS message used for UL CIoT data transfer from idle mode with an empty CIoT data container.
Due to the MME does know whether the paging is for CP optimization or the legacy UP, it is up to the MME decision to establish the user plane radio bearers (DRBs/RBs) for the UE upon receipt of paging response. Everything goes well at the both UE and the MME side.
As a summary, we could have:
Proposal II: If the CP EPS optimization is used and no AS context stored in an idle mode, the UE sends the NAS message used for UL CIoT data transfer from idle mode with an empty CIoT data container as a paging response. If there is AS context stored in an idle mode (i.e. idle mode with suspended indication), the UE directly triggers the RRC resume procedure w/o sending any NAS message.
It proposes CT1 to discuss the observations and proposals given in this paper and accept the Proposal II as a way forward. The Proposal II is captured in the CR C1-161785.
