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1. Introduction
About congestion control for transport of user data via the control plane under Rel-14 CIoT-Ext WID, stage 2 has concluded two solutions for the normative work (copied from TR 23.730):
"For Key Issue 7 (CN overload control for data transfer via Control Plane CIoT EPS Optimisation) it is agreed to specify in the normative specs:

-
Solution 8 - Back-off timer for data transmission via control plane.

-
Solution 9 (Option 2) - Overload Start message for control plane data only."

During the normative work, both above solutions were captured in stage 2 specifications (e.g. TS 23.401 and TS 23.682).

In CT1#103 meeting, CT1 has agreed a CR#2766 rev#4 (C1-171931) for congestion control for transport of user data via the control plane. The change part of this agreed CR only covers the “Solution 8 - Back-off timer for data transmission via control plane.” Hence, so far, the "Solution 9 (Option 2) - Overload Start message for control plane data only." (for simplicity, Sol#9 will be used hereafter) was not implemented at stage 3.
This paper attempts to discuss the potential issues and required work to implement Sol#9 in stage 3 for congestion control for transport of user data via the control plane and proposed a way forward in CT1.
2. Discussion
2.1 Current stage 2 situation
In TS 23.401, the related description for Sol#9 was specified in subclause 4.3.7.4.1 (copied):

"An MME supporting Control Plane CIoT EPS Optimisation may include an indication in the OVERLOAD START message indicating overload from data transfers via Control Plane CIoT EPS Optimisation.

Using the OVERLOAD START message, the MME can request the eNodeB to:

…

-
not accept RRC connection requests with RRC establishment cause "mo-data" or "delayTolerantAccess" from UEs that only support Control Plane CIoT EPS Optimisation.

When rejecting an RRC connection request for overload reasons the eNodeB indicates to the UE an appropriate timer value that limits further RRC connection requests for a while."
There are three conditions for the eNB to not accept the RRC connection request by providing a timer value to back-off the subsequent RRC connection request for data transfer via CP:

(1) The new indication in the OVERLOAD START message from the MME;

(2) The RRC establishment cause is "mo-data" or "delayTolerantAccess"; and

(3) The UE indicated to support CP optimisation only.

When checking the corresponding description given in TR 23.730 for Sol#9, the eNB provides a wait timer value in the RRC Connection Release message to the UE (copied from TS 23.730 subclause 6.9.1):
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"4.
If the overloaded MME is the only MME the eNB is connected to or the RRC message has an MME identity, i.e. Registered MME parameter in the RRC Connection Setup Complete message, and that the MME identity indicates the overloaded MME, then:

…

-
Option 2: The eNB may reject requests from UEs that indicate mo-data in the RRC connection establishment cause and also indicate support only for Control Plane CIoT EPS Optimisation in the RRC Connection Setup Complete message. The eNB may return a wait timer in the RRC Connection Release message."
One can see there is a main difference between TR 23.730 and TS 23.401: only the RRC cause "mo-data" is covered in TR while both RRC causes "mo-data" and "delayTolerantAccess" are covered in TS.
Note that for a UE supports CP optimisation only, it can also be configured as low access priority in which the RRC cause "delayTolerantAccess" will be used during the RRC connection setup procedure.
Observation #1: At stage 2 in SA2, Sol#9 applies to CP only UEs with RRC causes "mo-data" and "delayTolerantAccess".

2.2 Current RAN2/RAN3 stage 3 situaiton
The Sol#9 impacts S1-AP, eNB and radio interface hence the stage 3 work in RAN2 and RAN3 is required.

In RAN3 TS 36.413, it has stated (copied):

"If the Overload Action IE in the Overload Response IE within the OVERLOAD START message is set to

…
-
"not accept RRC connection requests for data transmission from UEs that only support Control Plane CIoT EPS Optimisation" (i.e. not accept traffic corresponding to RRC cause "mo-data" or "delayTolerantAccess" in TS36.331 [16] for those UEs),

the eNB shall:

-
if the Traffic Load Reduction Indication IE is included in the OVERLOAD START message and, if supported, reduce the signalling traffic indicated as to be rejected by the indicated percentage,

-
otherwise ensure that only the signalling traffic not indicated as to be rejected/not accepted is sent to the MME."
One can see in RAN3, both RRC causes "mo-data" and "delayTolerantAccess" are covered.
So far in RAN2 TS 36.331, the Sol#9 was not implemented yet. However, in RAN2#97bis meeting in April 2017, RAN2 has agreed a CR#2746 (R2-1703182) in which below text was added in the RRC Connection Release procedure (copied):
"2>
if the extendedWaitTimeCP is present and the NB-IoT UE only supports the Control Plane CIoT EPS optimisation:

3>
forward the extendedWaitTimeCP to upper layers;"
One can see in RAN2, a new EWT for CP data was introduced and only the UE supports CP optimisation only will forward the EWT for CP data to the NAS layer. Here the UE AS layer does not check the RRC establishment cause used.
Observation #2: At stage 3 in RAN2/RAN3, Sol#9 applies to CP only UE with RRC causes "mo-data" and "delayTolerantAccess", this is fully aligned with stage 2 in SA2.
2.3 Required stage 3 work in CT1
Based on the latest stage 2 agreement in SA2, the CP back-off timer is only applied to the idle mode, i.e. it only restricts two initial NAS messages used for user data transport via CP: 
(i) Control Plane Service Request piggybacking an ESM Data Transport message; or
(ii) TAU Request with "signalling active" flag.
Considering the user data transport via CP can only be available when a UE was already EPS attached, hence, the CP back-off timer is only valid in the EMM-REGISTERED state.

Observation #3: CP back-off timer is only valid in the EMM-REGISTERED state.

In order to implement Sol#9 at stage 3 in CT1, some open issues need to be analyzed in detail:
(1) Which NAS back-off timer will be started with the EWT for CP data provided by lower layers?

CT1 has agreed to use a new CP data back-off timer Txy in CR#2766 rev#4 (C1-171931), so the UE will start Txy at NAS.
(2) During which initial NAS procedure, the UE may receive the EWT for CP data from lower layers?

Based on Observations #1/2 and the mapping of NAS procedure to RRC establishment cause as stated in TS 24.301 Annex D.1, this issue can be evaluated in below Table 1. 
Table 1: Initial NAS procedures vs. EWT for CP data

	Initial NAS procedure
	Analysis
	EWT for CP data can be received?

	Attach
	Two cases:

(1) The UE supports CP optimisation only and is not configured as NAS signalling low priority.

In this case, the ATTACH REQUEST message is sent with the RRC establishment cause set to MO signalling. The eNB will not reject the RRC connection request due to overload for CP data and no EWT for CP data is provided to the UE.
(2) The UE supports CP optimisation only and is configured as NAS signalling low priority.

In this case, the ATTACH REQUEST message is sent with the RRC establishment cause set to Delay tolerant. Hence, once the MME has sent the OVERLOAD START message with CP data overload indication, the eNB may not accept the RRC connection request for this attach procedure and then provide an EWT for CP data in the RRC connection release message to the UE as per Sol#9.

The UE NAS will detect an abnormal case during the ongoing attach procedure.

Note that this attach may not be triggered by the user data transport via CP. The UE can be attached to the network but has no user data transported via CP for very long time, e.g. the UE only has SMS transported over NAS.
	Yes

	Tracking Area Update
	Two cases:

(1) The UE supports CP optimisation only and is not configured as NAS signalling low priority.

In this case, the TAU REQUEST message is sent with the RRC establishment cause set to MO signalling. The eNB will not reject the RRC connection request due to overload for CP data and no EWT for CP data is provided to the UE.

(2) The UE supports CP optimisation only and is configured as NAS signalling low priority.

Similar as attach, the UE will set the RRC establishment cause to Delay tolerant. Hence, the eNB may not accept the RRC connection request and then provide an EWT for CP data to the UE.

The UE NAS will detect an abnormal case during the ongoing TAU procedure.

Note that this can also happen for TAU request without "signalling active" flag, e.g. TAU triggered due to TA list change.
	Yes

	Detach
	For all types of UE initiated detach procedure, the RRC establishment cause can only be set to MO signaling. Hence, the eNB will not reject the RRC connection request due to overload for CP data.
	No

	Service Request
	Two cases:
(1) The UE supports CP optimisation only and is not configured as NAS signalling low priority.
In this case, the CONTROL PLANE SERVICE REQUEST message is sent and the RRC establishment cause is set to MO data.

(2) The UE supports CP optimisation only and is configured as NAS signalling low priority.
In this case, the CONTROL PLANE SERVICE REQUEST message is sent and the RRC establishment cause is set to Delay tolerant.

In both cases, the eNB may not accept the RRC connection request and then provide an EWT for CP data to the UE.

The UE NAS will detect an abnormal case during the ongoing SR procedure.
	Yes


Observation #4: The UE NAS layer may receive the EWT for CP data from lower layers during the attach, TAU and SR procedure.

(3) What is the UE’s behaviour upon receipt of EWT for CP data from lower layers?

Based on Observation #4, this issue can be evaluated in below Table 2. 

Table 2: UE behaviour vs. EWT for CP data

	Initial NAS procedure
	UE’s behaviour
	Problems

	Attach
	Two options:

(1) The UE starts the CP back-off timer with received EWT for CP data:

In this case, the CP back-off timer can start in EMM-DEREG state which is against Observation #3.
Moreover, the CP back-off timer does not apply to the attach request message, so the UE can still re-initiate the attach procedure even the timer is running. If the MME overload control is not stopped, the eNB may still not accept the RRC connection request and then provide an EWT for CP data to the UE again. This cycle may take long time until the MME overload control is stopped during which the UE cannot attach to the NW.
Note that the eNB is not aware of the NAS PDU included in the RRC connection setup complete message is attach request or not.
(2) The UE ignores the EWT for CP data:

The CP back-off timer will not start in EMM-DEREG state but same as above (1), the UE will not attach to the NW for long time.
	The UE will not attach to the NW for long time if the UE supports CP optimisation only and is configured as NAS signalling low priority.

	Tracking Area Update
	Two options:

(1) The UE starts the CP back-off timer with received EWT for CP data:

The CP back-off timer does not apply to the TAU request w/o "signalling active" flag, so the UE can still re-initiate the TAU request w/o "signalling active" flag even the timer is running. If the MME overload control is not stopped, the eNB may still not accept the RRC connection request and then provide an EWT for CP data to the UE again. This cycle may take long time until the MME overload control is stopped during which the TAU procedure will not succeed. This may block the UE to obtain the services from the NW, e.g. in case of the MME is changed.

(2) The UE ignores the EWT for CP data:

The UE can still send the TAU request with "signalling active" flag and the congestion control for CP is not performed at the UE.

For the TAU request w/o "signalling active" flag, it is same as above (1).
	The TAU procedure w/o "signalling active" flag cannot be successfully performed for long time if the UE supports CP optimisation only and is configured as NAS signalling low priority.

	Service Request
	The UE starts the CP back-off timer with received EWT for CP data. The congestion control for CP is performed at the UE.
	No problem


Problem #1: The UE cannot attach to the NW for long time if the UE supports CP optimisation only and is configured as NAS signalling low priority.

Problem #2: The TAU procedure w/o "signalling active" flag cannot be successfully performed for long time if the UE supports CP optimisation only and is configured as NAS signalling low priority.
3. Proposal
Based on analysis and observations in section 2, if CT1 implements Sol#9 in stage 3 as fully aligned with stage 2 in SA2 and stage 3 in RAN2/RAN3, Problem #1 and #2 exist. Keep in mind that the motivation of congestion control for CP is only to restrict requests from UEs for data transmission via CP. Other NAS signalling messages (e.g. attach and TAU w/o "signalling active" flag) and services (e.g. SMS transport) are still allowed. Hence, Problem #1 and #2 need to be resolved.
The main reason to cause Problem #1 and #2 is the RRC cause "delayTolerantAccess" was used by the eNB to reject the RRC connection request from a CP only UE. When going through the Table D.1.1 for the mapping of NAS procedure to RRC establishment cause in TS 24.301 Annex D.1, the RRC cause "MO data" is not used in attach and TAU procedure. Hence one solution to resolve Problem #1 and #2 is:
Solution: Only the "MO data" RRC cause is used by the eNB for congestion control for CP.
The drawback of this solution is: the UE supports CP optimisation only and is configured as NAS signalling low priority can skip the overload control for CP data at eNB. However, we believe this will not cause a big problem due to the MME can still restrict the requests from these UEs for CP data transmission by providing a CP data back-off timer over NAS. Note that the TAU request with "signalling active" flag will not be sent by the UE often for user data transport via CP.
Proposal #1: CT1 only takes the "MO data" RRC cause into account to implement Sol#9 in stage 3, i.e. only during the SR procedure, the UE can receive the EWT for CP data from lower layers.

If CT1 can agree to go with Proposal #1, in order to provide an aligned description on Sol#9 in 3GPP, CT1 needs to send an LS to SA2 and RAN3 to update their specifications:

Proposal #2: CT1 sends an LS to SA2 and RAN3 to update their specifications to have an aligned description on Sol#9.

4. Conclusion
This paper discussed the potential issues and required work to implement Sol#9 in stage 3 for congestion control for transport of user data via the control plane
Below observations are provided:

Observation #1: At stage 2 in SA2, Sol#9 applies to CP only UEs with RRC causes "mo-data" and "delayTolerantAccess".

Observation #2: At stage 3 in RAN2/RAN3, Sol#9 applies to CP only UE with RRC causes "mo-data" and "delayTolerantAccess", this is fully aligned with stage 2 in SA2.

Observation #3: CP back-off timer is only valid in the EMM-REGISTERED state.

Observation #4: The UE NAS layer may receive the EWT for CP data from lower layers during the attach, TAU and SR procedure.

If CT1 implements Sol#9 in stage 3 as fully aligned with stage 2 in SA2 and stage 3 in RAN2/RAN3, two problems exist:

Problem #1: The UE cannot attach to the NW for long time if the UE supports CP optimisation only and is configured as NAS signalling low priority.

Problem #2: The TAU procedure w/o "signalling active" flag cannot be successfully performed for long time if the UE supports CP optimisation only and is configured as NAS signalling low priority.
Below solution was proposed to resolve two problems:
Solution: Only the "MO data" RRC cause is used by the eNB for congestion control for CP.
Finally, it proposed:
Proposal #1: CT1 only takes the "MO data" RRC cause into account to implement Sol#9 in stage 3, i.e. only during the SR procedure, the UE can receive the EWT for CP data from lower layers.

Proposal #2: CT1 sends an LS to SA2 and RAN3 to update their specifications to have an aligned description on Sol#9.

The Proposal #1 is captured in CR C1-172198 and Proposal #2 is captured in an outgoing LS C1-172199.

