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1. Introduction
In CT1#98 meeting, CT1 has agreed a CR#2445r1 (CP-160339/C1-162929) which was finally approved by CT#72 plenary to roll back the MME’s paging behaviour in eDRX when CIoT CP optimization was used.

However, it was observed that for the extended buffering at MME in PSM & eDRX for CIoT CP optimization, it was not so clear that whether CT1 needs to do something at stage 3 to implement MME’s behaviour as specified in stage 2, typically in TS 23.401 subclause “5.3.4B.3 Mobile Terminated Data Transport in Control Plane CIoT EPS optimisation with P-GW connectivity”.
This discussion paper attempts provide a detail analysis on this topic and to evaluate the required stage 2 work in CT1 on the MME’s behaviour specified in stage 2. Finally to propose a way forward in CT1 to close this topic.

2. Discussion
2.1 Current SA2 requirements on extended buffering at MME for CIoT CP optimization
Extended buffering for DL data was not a new feature for CIoT, it was already introduced for MTC/eMTC when PSM and eDRX was used for UE power saving. However, the extended buffering at the MME was a new one for CIoT due to the extended buffering for MTC/eMTC can only be done at the S-GW so far.

To enable the CIoT data over NAS, SA2 and CT4 agreed to support GTP-U over S11 interface which enables the extended buffering at the MME. Hence, for DL CIoT data transfer, there are two ways for extended buffering in case of PSM or eDRX was used: either (1) Extended buffering at the S-GW as MTC/eMTC; or (2) Extended buffering at the MME different from MTC/eMTC. Which ways to use was decided by operator configured policies at the MME.
In this paper, we only cover the (2) extended buffering at the MME. Also, please keep in mind that here we are only talking about the “extended buffering”, not the normal buffering which always needs to be done at the S-GW or MME when the UE was in idle mode.
The extended buffering at MME for DL CIoT data transfer was described in TS 23.401 v13.6.1, subclasue “5.3.4B.3 Mobile Terminated Data Transport in Control Plane CIoT EPS optimisation with P-GW connectivity” (copied):

“5.3.4B.3
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Figure 5.3.4B.3-1: MT Data transport in NAS PDUs

2. …

If the S11-U is already established (buffering is in the MME), step 2 is not executed and step 11 is immediately executed. Steps 7,8,9,10 are executed only if conditions are met when the NAS service request is received at step 6, as outlined below in the respective clauses.
An MME detecting that the UE is in a power saving state (e.g. Power Saving Mode) and cannot be reached by paging at the time of receiving Downlink data, shall start extended buffering depending on operator configuration, except for cases described in next paragraphs. The MME derives the expected time before radio bearers can be established to the UE, stores a new value for the Downlink Data Buffer Expiration Time in the MM context for the UE and skips the remaining steps of this procedure. When the Downlink Data Buffer Expiration Time has expired, the MME considers no Downlink data to be buffered.”

Based on what described in SA2, we could have below observations:
Observation #1: Both PSM and eDRX are covered for extended buffering at MME.

Observation #2: The MME starts the extended buffering at the time of receiving DL data from the SGW, which is before the paging.
Observation #3: An extended buffer time needs to be derived and stored by the MME.
Observation #4: At the expiry of Downlink Data Buffer Expiration Time, MME considers no DL data buffered, i.e. the buffered data was discarded.

2.2 Extended buffering at MME in PSM from stage 3 perspective
The PSM was negotiated between the UE and the MME to decide the used active timer before enter PSM. As per CT1 agreement, once the UE enters the PSM, it can only be waken-up from PSM by the MO signalling/data transfer, i.e. all DL signalling/data cannot wake-up the UE from PSM. This is why 3GPP introduced a High latency communication (HLCom) function by using extended buffering for DL data.
From MME perspective, once it notifies the UE enters PSM, it will not send any paging message to the UE before the UE wake-up by itself due to it does not make any sense to page UE. Hence, in the Figure 5.3.4B.3-1 of TS 23.401 subclasue 5.3.4B.3, the step 3/4 for paging will not happen in PSM. From the SA2 text “The MME derives the expected time before radio bearers can be established to the UE”, the MME can derive the extended buffer time based on the allocated PTAU timer value until which the UE needs to initiate the PTAU request which enables “radio bearers can be established to the UE”. During all these handlings, except the extended buffering as specified in SA2, the MME needs not to do additional handling for CIoT DL data at NAS layer.

When the UE wakes-up by initiating the MO signalling (e.g. Control-Plane Service Request or TAU request) which moves the UE from the idle mode to connected mode, the MME can immediately send the buffered DL CIoT data to the UE and hence the stored extended buffer time for this UE can be removed. This is actually proceeded the same as non-PSM case without additional handling at the MME.
Hence, we could have:

Observation #5: From stage 3 perspective, to implement extended buffering at MME in PSM for DL CIoT data needs no additional MME handling at the NAS layer.
2.3 Extended buffering at MME in eDRX from stage 3 perspective
Like PSM, the eDRX was also negotiated between the UE and the MME to decide the used eDRX cycle value to delay the paging. However, unlike PSM that paging can be skipped, in eDRX, the MME just delays the paging to the next eDRX cycle, i.e. a very short time ahead of the beginning of the next paging time window. This was already covered by the current CT1 text and no additional work is required at the MME.
Once the MME initiates the paging to the UE, then the subsequent handling is the same as eDRX was not used. From the SA2 text “The MME derives the expected time before radio bearers can be established to the UE”, and taking stage 3 implementation for the paging in eDRX, the MME can derive the extended buffer time until the expiry of paging timer T3415 due to normally before the expiry of T3415, the UE should responds the paging and hence the radio bearers can be established to the UE. Once the MME receives the paging response (e.g. Control-Plane Service Request message) before the expiry of T3415, the MME can immediately send the buffered DL CIoT data to the UE and hence the stored extended buffer time for this UE can be removed. All these were already covered by the current CT1 text and no additional work is required at the MME. Note that in case of eDRX is not used, the MME needs also to do the normal buffering before receiving the paging response from an idle mode UE.
If in some abnormal cases in which the UE cannot be paged or the paging response cannot be transmitted to the MME due to, e.g. UE temporarily out of coverage, Radio Link Failure (RLF), or RRC reject cases, the paging timer T3415 will expire and the MME will act as specified in TS 24.301:
“Upon expiry of timer T3415, the network shall abort the paging procedure and shall proceed as specified in 3GPP TS 23.401 [10].”

When further seeing TS 23.401 subclause 5.3.4B.3, the MME will behave as below (yellow highlighted text):
“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.

If the MME receives no response from the UE after this paging repetition procedure, it shall use the Downlink Data Notification Reject message to notify the Serving GW about the paging failure (or, equivalently, if the buffering is in the MME, the MME simply discards data for the UE locally), unless the MME is aware of an ongoing MM procedure that prevents the UE from responding, i.e. the MME received a Context Request message indicating that the UE performs TAU with another MME. When a Downlink Data Notification Reject message is received, the Serving GW deletes the buffered packet(s). The Serving GW may invoke the procedure PGWP-GW Pause of Charging (clause 5.3.6A) if UE is in ECM IDLE and the PDN GW has enabled "PDN charging pause" feature. If buffering is in the MME, Pause Charging is triggered by the MME via a Release Access Bearer Request to the S-GW(not shown in Figure 5.3.4B.3-1) including a "Abnormal Release of Radio Link" cause , which releases the S11-U.”

So in case of paging timer T3415 expiry, all MME behaviour was already specified in the current CT1 text and no additional work is required at the MME.
Hence, we could have:
Observation #6: From stage 3 perspective, to implement extended buffering at MME in eDRX for DL CIoT data needs no additional MME handling at the NAS layer.

3. Proposals
Based on Observation # 5 and #6 given in section 2, except the extended buffering as specified in SA2 the MME needs to do, there is no additional MME handling at the NAS layer required to implement extended buffering at MME in PSM or eDRX for DL CIoT data. About the extended buffering, including deriving, storing and removal of the extended buffer time, it is totally an MME internally behaviour and triggered by the DL CIoT data over S11 GTP-U interface which is out of the scope of CT1.
Hence, we would like to propose:

Proposal: No additional CT1 action is required to implement extended buffering at MME in PSM or eDRX for DL CIoT data.

4. Conclusion
This discussion paper provided detail analysis on the current SA2 requirements on extended buffering at MME for CIoT CP optimization and required stage 3 work to implement these requirements.

Based on below observations:

Observation #1: Both PSM and eDRX are covered for extended buffering at MME.

Observation #2: The MME starts the extended buffering at the time of receiving DL data from the SGW, which is before the paging.
Observation #3: An extended buffer time needs to be derived and stored by the MME.

Observation #4: At the expiry of Downlink Data Buffer Expiration Time, MME considers no DL data buffered, i.e. the buffered data was discarded.

Observation #5: From stage 3 perspective, to implement extended buffering at MME in PSM for DL CIoT data needs no additional MME handling at the NAS layer.

Observation #6: From stage 3 perspective, to implement extended buffering at MME in eDRX for DL CIoT data needs no additional MME handling at the NAS layer.

we have proposed:

Proposal: No additional CT1 action is required to implement extended buffering at MME in PSM or eDRX for DL CIoT data.

It proposes CT1 to discuss the analysis for this topic and agree the proposals given in this paper. Following above proposal, no CR needs to be tabled to CT1.
_1518711922.doc
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