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1. Introduction
In their LS R2-1905276 (S2-1906862) on mobile-terminated Early Data Transmission (MT-EDT) (see [1]), RAN2 requested SA2 and other related WGs (i.e. RAN3, CT1 and CT4) to evaluate the work regarding MT EDT in Rel-16 and provide feedback if any. Within this LS, RAN2 also shared following agreements and assumptions reached in RAN2 up to April (RAN2#105bis):
- For both UP and CP solutions, an MT-EDT indication is needed in the S1 paging message to eNB. It is up to RAN3 to decide how such indication is provided to the eNB.

- RAN2 assumes that MME initiates MT-EDT.

- It is up to eNB to use MT-EDT based on e.g., UE capability.

- RAN2 assumes that DL data information is needed from S-GW/SCEF to the MME to assist MME to initiate MT-EDT.
In their reply LS R3-193156 (S2-1906876) response to the RAN2 LS (see [2]) and cc SA2, RAN3 asked below question:
"To: RAN2
ACTION: 
RAN3 kindly asks RAN2 to feedback on whether RAN2 would see benefits on providing the data size in the S1 paging message."
So far there is no further information from other related WGs (i.e. CT1 and CT4) on this topic.

Up to the June 2019 plenary cycle, there is no solution officially agreed in RAN groups for MT-EDT but some consolidated official information can be found in related RAN WIDs (see [3], [4]), RAN LSes (see [1], [2]) and RAN2 meeting reports (see [5], [6], [7], [8]).

Based on all these current standards situation on MT-EDT, this discussion paper attempts to provide technical analysis on MT-EDT to identify its system level impacts and proposals to enable MT-EDT in EPC.
2. System level impacts of MT-EDT
2.1 What is MT-EDT?
In the objective of RAN related Rel-16 WIDs (see [3] and [4]), MT-EDT was motivated to:

"Improved DL transmission efficiency and/or UE power consumption:
· Specify support for mobile-terminated (MT) early data transmission (EDT) [RAN2, RAN3]

"
In the report of RAN2#104 meeting [5], the use cases/criteria for MT-EDT was agreed as:

	· MT EDT are evaluated at least based on battery life, network resource efficiency, security, reliability and potential impact on core network.

· MT-EDT is intended for DL data which can be transmitted in one transport block.

· Use cases that require DL data transmission with or without UL data transmission as a response should be supported for MT-EDT.


Observation 1: MT-EDT was motivated to improve DL transmission efficiency and/or UE power consumption.

Observation 2: The main use case of MT-EDT is: DL data which can be transmitted in one transport block, optionally with an ack UL data as one transport block.
Based on these observations, one can see that MT-EDT actually shares the very similar motivation and use case as MO-EDT defined in Rel-15.

2.2 Whether MT-EDT has system level impacts?

As ticked in the impact of RAN related Rel-16 WIDs (see [3] and [4]) which covers MT-EDT, it clearly indicated that only UE and RAN impact without CN impact:
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However, based on the agreements and assumptions made by RAN2 in their LS R2-1905276 [1], the MME and S-GW are actually impacted. Hence, MT-EDT actually impacts UE, RAN and CN.

Observation 3: MT-EDT has system level impacts as it impacts UE, RAN and CN end-to-end.

2.3 What system level impacts does MT-EDT have?

Based on the available consolidated information provided by RAN2 LS R2-1905276 [1] and related RAN2 meeting reports (see [5], [6], [7] and [8]), some open issues are unclear and need to be resolved at the system level:
Question#1a: Whether the MME needs to provide the data size of DL data to the eNB in S1 paging message?
Question#1b: For UP MT-EDT and CP MT-EDT with buffering at the S-GW, whether the S-GW needs to provide the data size of DL data to the MME in DDN?

RAN3 has asked Question#1a to RAN2 in their LS R3-193156 [2]. Question#1b is tightly dependent on Question#1a as if the answer to Question#1a is yes, then the answer to Question#1b shall be yes.
As MT-EDT shares a very similar motivation and use case with MO-EDT, as for MO-EDT, as per defined in RAN2 TS 36.331 (see below text), the data size of UL data is required for the UE AS layer to make the decision:

"5.3.3.1b
Conditions for initiating EDT
A BL UE, UE in CE or NB-IoT UE can initiate EDT when all of the following conditions are fulfilled:

…

1>
the size of the resulting MAC PDU including the total UL data is expected to be smaller than or equal to the TBS signalled in edt-TBS as specified in TS 36.321 [6], clause 5.1.1;"
Observation 4: The data size of DL data is required to be sent from the S-GW/MME to the eNB for MT-EDT decision.

Question#2: How does the S-GW/MME know whether the DL data can be transmitted in one transport block, i.e.. single-shot?
TS 23.682 has defined a Communication Pattern (CP) parameters provisioning procedure to enable sets of CP parameters are provided by the SCEF to the HSS which then distributes them to the corresponding MME with relevant subscriber data. Within the subscribed CP parameters, there is a parameter called "Traffic Profile" defined as below:

	X) Traffic Profile
	Identifies the type of data transmission: single packet transmission (UL or DL), dual packet transmission (UL with subsequent DL or DL with subsequent UL), multiple packets transmission.

[optional]


Hence, if Communication Pattern (CP) parameters provisioning procedure is used, the MME can know the UE’s traffic profile. However, so far the S-GW cannot know this.
Observation 5: The MME can know whether the DL data can be transmitted in one packet based on the UE’s traffic profile but the S-GW cannot know this.

Question#3a: What is the UE ECM state during the MT-EDT procedure?

Question#3b: If the UE is still in the ECM-idle state during the MT-EDT procedure, then how does a UE in idle state handle the DL/UL user data transfer?

There is no clear information provided on the UE ECM state during the MT-EDT procedure from the RAN2 LS R2-1905276 [1] and related meeting reports. Note that before MT-EDT is initiated by the network, the UE was in the ECM-idle state (for UP MT-EDT, the UE was in ECM-idle state with RRC connection suspended). When checking related solution proposals in RAN2 (see [9], [10] and [11]), at least for Msg2 based CP/UP MT-EDT solution, there is no UE AS-NAS interaction specified, which means the UE NAS is totally transparent for the MT-EDT. Hence, the answer to Question#3a is: the UE is still in the ECM-idle state during the MT-EDT procedure. As per current system protocol, it is a very basic principle that there is no UL/DL data transport for a UE in the ECM-idle state.
Observation 6: The UE is still in the ECM-idle state during the MT-EDT procedure and cannot handle the DL/UL user data transfer.

Question#4: How does the MME complete the ongoing paging procedure?
This is tightly related to question#3a as if the UE NAS is totally transparent for the MT-EDT, there is no NAS paging response from the UE NAS (e.g. Service Request or CP Service Request) and so far for CIoT CP optimisations, the MME only treats the NAS paging response as the completion of the ongoing paging procedure. Hence for CP MT-EDT, the completion of the paging procedure needs to be updated, otherwise an unnecessary re-paging procedure will be initiated by the MME.
Observation 7: For CP MT-EDT, the completion of the paging procedure needs to be updated at the MME to avoid unnecessary re-paging.

Based on the analysis on above system level open issues and observations, the system level impacts imposed by MT-EDT can be summarized on below Table 1. Note that the RAN/RRC level impacts of MT-EDT are not captured in the table which should be evaluated by RAN groups.
Table 1. System level impacts of MT-EDT
	Solutions
	S-GW
	MME
	UE NAS

	CP MT-EDT
	· If DL data was buffered at the S-GW, the S-GW needs to know whether the DL data can be transmitted in one packet.
· If DL data was buffered at the S-GW, the S-GW needs to send the data size of DL data to the MME.
· No impact if DL data was buffered at the MME.
	· If DL data was buffered at the S-GW, the MME needs to receive the data size of DL data from the S-GW.
· The MME needs to include an MT-EDT indication and the data size of DL data in the S1 paging to the eNB.
· Impacts on completion of the ongoing paging procedure.
	· UE NAS needs to handle the UL/DL CP data when it stays in the ECM-idle state.

	UP MT-EDT
	· The S-GW needs to know whether the DL data can be transmitted in one packet.
· The S-GW needs to send the data size of DL data to the MME.
	· The MME needs to receive the data size of DL data from the S-GW.
· The MME needs to include an MT-EDT indication and the data size of DL data in the S1 paging to the eNB.
	· UE NAS needs to handle the UL/DL UP data when it stays in the ECM-idle state.


3. Proposals to enable MT-EDT at EPC
Based on the system level impacts of MT-EDT as analysed in section 2, the system protocols need to be enhanced to enable MT-EDT at EPC. As assumed by RAN2 that the MT-EDT was initiated by the MME and the MT-EDT is mainly used for a single DL data transport, hence, the MME needs to take the UE’s traffic profile into account and make the decision for MT-EDT initiation, otherwise, the MT-EDT cannot be initiated.
Proposal 1: The MME needs to get the UE’s traffic profile to make the decision for MT-EDT initiation.
For UP MT-EDT and CP MT-EDT with buffering at the S-GW, it requires the S-GW to provide the data size of DL data to the MME, which is new handling for the S-GW. Hence, the S-GW also needs to know the UE’s traffic profile to decide whether the data size of buffered DL data needs to be provided to the MME or not. Otherwise, the S-GW shall always provide the buffered data size for all data for each UE, which creates unnecessary CN overload and may cause unnecessary fallback handling for MT-EDT at the RAN side. Note that RAN groups are discussing to also have the fallback handling for MT-EDT as done for MO-EDT under some conditions, e.g. more than one UL/DL data packets need to be transmitted.
Proposal 2: The SGW needs to gets the UE’s traffic profile before providing the data size of DL data for MT-EDT. Without the UE’s traffic profile, the S-GW will not send the data size of DL data to the MME for MT-EDT.

To implement Proposal 2, the simply way is: the MME provides the retrieved UE’s traffic profile (which was a parameter of UE’s Communication Patterns in the UE’s MM contexts stored at the MME) to the S-GW and then S-GW stores it as well. To enable this, two cases need to be covered:
Case 1: the UE or the network does not support EPS Attach without PDN Connectivity

In this case, during the EPS attach procedure or the first TAU procedure to EPC after inter-RAT mobility from the 2G/3G/5G, the MME will include UE’s Communication Patterns (which includes UE’s traffic profile) retrieved from the HSS in the Create Session Request or Modify Bearer Request message to the S-GW for storage.
Case 2: the UE and the network support EPS Attach without PDN Connectivity and no default PDN connection was established for a UE in registered state.
In this case, the MME may not contact S-GW during the EPS attach procedure or the first TAU procedure to EPC after inter-RAT mobility from the 2G/3G/5G, and hence during the subsequent PDN connectivity procedure, the MME needs to include UE’s Communication Patterns (which includes UE’s traffic profile) retrieved from the HSS in the Create Session Request message to the S-GW for storage.

All in all, to make the MME handling simpler, we propose:

Proposal 3: The MME includes UE’s Communication Patterns (which includes UE’s traffic profile) to the S-GW when it first contacts the S-GW for a UE and the S-GW shall store the UE’s Communication Patterns in its UE context.
4. Procedure enhancement to support MT-EDT at EPC
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MT-EDT procedure for the UP solution
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MT-EDT procedure for the CP solution
5. Conclusion
This discussion paper analysed the MT-EDT to identify its system level impacts based on the available information in the current standard situation on MT-EDT.
Based on analysis, following observations were provided:

Observation 1: MT-EDT was motivated to improve DL transmission efficiency and/or UE power consumption.

Observation 2: The main use case of MT-EDT is: DL data which can be transmitted in one transport block, optionally with an ack UL data as one transport block.
Observation 3: MT-EDT has system level impacts as it impacts UE, RAN and CN end-to-end.

Observation 4: The data size of DL data is required to be sent from the S-GW/MME to the eNB for MT-EDT decision.

Observation 5: The MME can know whether the DL data can be transmitted in one packet based on the UE’s traffic profile but the S-GW cannot know this.

Observation 6: The UE is still in the ECM-idle state during the MT-EDT procedure and cannot handle the DL/UL user data transfer.

Observation 7: For CP MT-EDT, the complete of the paging procedure needs to be updated at the MME to avoid unnecessary re-paging.

Based on these observations, following proposals were provided:
Proposal 1: The MME needs to get the UE’s traffic profile to make the decision for MT-EDT initiation
Proposal 2: The SGW needs to gets the UE’s traffic profile before providing the data size of DL data for MT-EDT. Without UE’s traffic profile, the S-GW will not send the data size of DL data to the MME for MT-EDT.
Proposal 3: The MME includes UE’s Communication Patterns (which includes UE’s traffic profile) to the S-GW when it first contacts the S-GW for a UE and the S-GW shall store the UE’s Communication Patterns in its UE context.

It proposes SA2 to discuss these observations and proposals, and make a way forward for MT-EDT from system perspective.
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