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1. Background in SA2
In SA2 #113 meeting, an agreed CR #2942 rev#11 (S2-160909) introduced the solution for the transport of user data in the EPS control-plane for CIoT. Typically, the MT data transport procedure with Control Plane Optimization is depicted in Figure 1 (excerpted from Figure 5.3.4B.3-1 in S2-160909). For UE in ECM idle, when receiving a paging message, as per legacy UE behaviour, the UE will initiate a Service Request procedure to network as a paging response.
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Figure 1: MT Data transport in NAS signalling

For the steps 5-6 in Figure 1, it described in the CR S2-160909 for the UE initiated Service Request procedure as below:
“5-6. As the UE is in the ECM-IDLE state, upon reception of paging indication, the UE sends a UE triggered Service Request NAS message over RRC Connection request and S1-AP initial message. The Service Request NAS message, when C-IoT Control Plane optimisation applies, does not trigger Data radio bearer establishment by the MME and the MME can immediately send Downlink Data it receives using a NAS PDU to the eNodeB. The MME supervises the paging procedure with a timer. If the MME receives no response from the UE to the Paging Request message, it may repeat the paging according to any applicable paging strategy described in step 3..”
One can see there is no user plane radio bearer to be established when C-IoT Control Plane optimization applies. Then in the step 14 in Figure 1, it stated that:
“14. The NAS PDU with data is delivered to the UE via a Downlink RRC message. This is taken by the UE as implicit acknowledgment of the Service Request message sent in step 5. If header compression was applied, to the PDN, the UE shall perform header decompression to rebuild the IP header.”

One can see that the UE will treat the received DL NAS message which carries the CIoT data as a completion of the ongoing Service request procedure.
2. Paging response alternatives for CIoT paging in stage 3
As per specified in TS 24.301 subclause 5.6.2.2.1, one can see there are two ways for paging response at the UE:
“Upon reception of a paging indication, the UE shall stop the timer T3346, if running, and shall initiate:

-
a service request procedure to respond to the paging (see 3GPP TS 23.401 [10] and 3GPP TS 36.413 [23]); or

-
a tracking area update procedure as specified in subclauses 5.5.3.2.2 and 5.5.3.3.2.”
Hence when thinking about the possible paging response for CIoT paging from stage 3 perspective, we may need to keep above two existing ways in mind. It is a natural way to use Service Request procedure as paging response but TAU procedure is still alternative in stage 3.
For Service Request procedure, according to TS 24.301, the UE will start a timer T3417 when the Service Request message is sent to the network. And the timer T3417 is stopped until the UE receives the AS indication about bearer establishment for user plane. The UE NAS layer will treat the indication from the lower layers that the user plane radio bearer is set up as successful completion of the procedure. Also a service request attempt counter is used to limit the number of service request attempts and no response from the network. 
Now when taking the CIoT Control Plane optimisation into account, in which the user plane radio bearer establishment is not required, if we uses the Service Request as paging response for CIoT paging, the existing Service Request procedure needs to be changed very much, at least include:
(1) MME side: instead of sending the initial UE context setup message to eNB, needs to send a S1 DL transport message to eNB;

(2) UE side: instead of waiting the indication from the lower layers that the user plane radio bearer is set up, needs to wait the received DL NAS message which carries the CIoT from lower layers.
Hence, we could have:

Observation I: to reuse the Service Request as paging response for CIoT paging needs essential change on the existing Service Request procedure.
For TAU procedure, it is used as paging response mainly in the case that the back-off timer T3346 is running and the UE is in state EMM-REGISTERED.ATTEMPTING-TO-UPDATE. Currently, if TAU is used as paging response in said case, the "active" flag in the EPS update type IE shall be set to 1 to establish the user plane radio bearers. This does more like to perform a Service Request procedure. However, if now we taking the CIoT Control Plane optimisation into account, one way is not to set the "active" flag to 1 to avoid the user plane radio bearer establishment as optimized for CIoT. So the TAU procedure could be an alternative as a paging response for paging for DL CIOT data transfer. The one enhancement for TAU procedure is to add a new TAU trigger as a paging response for CIoT paging.
Hence, we could have:

Observation II: to reuse the TAU as paging response for CIoT paging is a workable alternative and just needs to add a new TAU trigger without change the existing TAU procedure itself.

Furthermore, when keeping the main purpose of paging for CIOT and no user plane radio bearer establishment is required in mind, from the MME perspective, it just needs an acknowledgement from the UE to the initiated paging. So the MME does not care which NAS message is used by the UE as paging response, i.e. whatever an NAS message is received from the UE, if confirms the UE is reachable and hence the DL CIoT data can be transported via the NAS message to the UE immediately. Hence, an empty NAS message can also be workable for the UE as paging response for CIoT paging. By going this way, the signalling load can be reduced as far as possible for CIoT data transport.

Considering this empty NAS message needs to be security protected as well, so it can be a security protected NAS message with a header of a standard L3 message but leave the message content as empty. It can be treated as a new standard L3 EMM message which means a new message type is required (e.g. "01000000"). 
Hence, we could have:

Observation III: to define a new empty NAS message as paging response for CIoT paging is a workable alternative which save signalling load as far as possible.

3. Alternative evaluation
Based on the discussion in section 2, there are three workable ways as a paging response for CIoT paging:

· Alt #1: Reuse Service Request procedure

· Alt #2: Reuse TAU procedure

· Alt #3: Define a new empty NAS message
The evaluation for above three alternatives can be summarized in Table 1.

Table 1: Alternative evaluation
	Alternative
	Pros.
	Cons.

	Alt #1: 
Reuse Service Request procedure
	· Keep the UE logic unchanged that the Service Request is used as paging response in normal service state.
	· Essential impact on the MME: instead of sending the initial UE context setup message to eNB, needs to send a S1 DL transport message to eNB.
· Essential impact on the UE: instead of waiting the indication from the lower layers that the user plane radio bearer is set up, needs to wait the received DL NAS message which carries the CIoT from lower layers.

	Alt #2:
Reuse TAU procedure
	· No change on the Service Request procedure.

· No change on TAU procedure.
	· Minor impact on the UE: a new TAU trigger for paging response for CIoT paging is required.

	Alt #3: 
Define a new empty NAS message
	· No change on the Service Request procedure.

· No new TAU trigger added

· Low signal load over radio interface and S1 interface.
	· Minor impact on the UE and the MME: a new empty NAS message is defined.


Based on the above evaluation, we could have:
Proposal: to define a new empty NAS message as paging response for CIoT paging in stage 3.
4. Conclusion
This paper provided a detail discussion on the alternative paging response for CIoT paging from state 3 perspective. Below three observation were provided and the evaluation between them are also given:

Observation I: to reuse the Service Request as paging response for CIoT paging needs essential change on the existing Service Request procedure.
Observation II: to reuse the TAU as paging response for CIoT paging is a workable alternative and just needs to add a new TAU trigger without change the existing TAU procedure itself.
Observation III: to define a new empty NAS message as paging response for CIoT paging is a workable alternative which save signalling load as far as possible.

Based on the above observations, we have below proposal:
Proposal: to define a new empty NAS message as paging response for CIoT paging in stage 3.
It proposes CT1 to discuss above observations and proposal and decide a way forward. We would volunteer to provide required CT1 CRs in the next CT1 meeting.[image: image2.png]
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