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1. Introduction
As indicated in LSs from RAN2 (R2-1905276) and RAN3 (R3-193156), The WID of Rel-16 enhancements for NB-IoT and the WID of Rel-16 MTC enhancements for LTE propose to study how to support MT-EDT in RAN groups. The Core Network impacts from MT-EDT in EPS and 5GS were discussed in SA2, including MSG2 solution and MSG4 solution.
For MSG2 based solutions, the RAN2 (S2-1908681/ R2-1911603) achieved the following agreement:

RAN2 thanks SA2 for the Reply LS on Mobile-terminated Early Data Transmission in S2-1908629 and would like to provide the following information regarding agreements made in RAN2:

-
Msg2 based solution is not pursued in this release.
SA2 discussed the system impact for MSG4 solution and technically endorsed the TS 23.401 CR3542R5 (S2-1910801) for EPS, TS 23.501 CR1894R2 (S2-1910629) and 23.502 CR1848R3 (S2-1910763) for 5GS in SA2 #135 meeting. The following conclusions were achieved and a LS S2-1910804 was sent to RAN:
SA2 has the following conclusions for RAN2/RAN3 consideration.

-
SA2 has concluded that the UE indicates the capability of supporting MT-EDT via NAS layer. MME can decide whether a PDN connectivity is applied for MT-EDT according to UE capability; SA2 kindly ask RAN2 whether there is concern about this.

-
SA2 has assumption that MT-EDT is implemented on top of MO-EDT (i.e. UE will trigger MO-EDT procedure in response to Paging Request with MT-EDT indication).

-
SA2 discussed the fallback mechanism, and decided for CP optimized solution, the MME may include End Indication for no further data in the S1-AP message including the Downlink data encapsulated in NAS PDU if MME does not detect the further downlink data. For UP optimized solution, SA2 will further work with RAN2/3 regarding the fallback mechanism.

Some companies raised concerns about the system impact for MSG4-based solution considering the limited benefit to introduce the MSG4 based MT-EDT feature, SA2 leaves the trade-off of system impact and benefit for TSG RAN decision.
For MT-EDT in 5GS, SA3 and CT1 also discussed the 5G-GUTI re-allocation issue. In SA3 #96 ad-hoc meeting, SA3 has replied to CT1 (S3-193838) that the allocation of a new 5G-GUTI is required for MT EDT for CP CIoT 5GS optimization and UP CIoT 5GS optimization. 

SA3 is pleased to provide CT1 with an answer for their question in the LS on NAS Aspects of Mobile-terminated Early Data (C1-195111) as follows:

CT1 Question to SA3: CT1 kindly asks SA3 to confirm whether the allocation of a new 5G-GUTI will still be required for MT EDT for CP CIoT 5GS optimization and UP CIoT 5GS optimization.

SA3 Response: User privacy protection is one of the main enhancements made in 5GS to address the privacy issues raised by the research community. SA3 confirm that the allocation of a new 5G-GUTI is required for MT EDT for CP CIoT 5GS optimization and UP CIoT 5GS optimization.  

There may be further responses on remaining issue in the CT1 LS from SA3#97 as the non-5G CIoT aspects were outside the scope of SA3#96 Ad-hoc.

SA2 further discussed the MT-EDT in 5GS. The 5G-GUTI re-allocation for MSG-4 based MT-EDT makes the UE entering 5GMM-CONNECTED mode without improvement for DL transmission efficiency and/or UE power consumption. Considering the 5G-GUTI re-allocation issue, it was agreed in SA2 #136 meeting that the MT-EDT feature shall not be supported in 5GS. And the 23.401 CR3542R8 (S2-1912322) for EPS was agreed with an objection from Huawei (with the reason: This RAN-leading feature causes quite a lot of core network and system level impact without any benefit justification. Considering all this feature progress now including both RAN and CN, it is not a RAN leading feature anymore, as the change/impact on core network is much more than the change on RAN).
2. Discussion

2.1 Feature overview and use case

The feature allows to transmit one downlink data during the random access procedure without transition to connected mode, providing gain in UE power consumption by avoiding the overhead of the RRC Connection establishment/resumption and release procedures and in latency. 

The feature addresses the use case of DL triggered data without application response. According to the traffic model used during NB-IoT feasibility study, this represents 10 % of the overall use cases.

In addition, for the feature being used, it requires the network do be aware of the UE traffic pattern (i.e. no application response) and the data to fit in a single downlink transmission, which limits further the usage.

Observation 1: The MT-EDT feature addresses the use case of network triggered data without application response and small enough to fit in a single downlink transmission, which is less than 10 % of the overall use cases.

2.2 System impact of MSG4 solution

The MT-EDT procedure for the CP solution and the UP solution in EPS is illustrated in Figure 1 and Figure 2.
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Figure 1: MT-EDT procedure for Control Plane CIoT EPS Optimization
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Figure 2: MT-EDT procedure for User Plane CIoT EPS Optimization
(1) How MME decides to apply MT-EDT or not?
As specified in S2-1912322, the MME decides that the MT-EDT is applied to a PDN connection of the UE or not based on UE and S-GW capability of supporting MT-EDT, Communication Pattern parameters or local policy. Without the information, it is expected that the decision will be wrong 50% of the time, which will lead to extra power consumption in the UE.

Observation 2: The MME needs to obtain necessary information for MT-EDT decision (including UE and SGW capability of supporting MT-EDT, Communication Pattern parameters or local policy), otherwise the decision will be wrong 50% of the time leading to extra power consumption.
(2) How eNB decides to apply MT-EDT or not?

To assist eNodeB to use MT-EDT, the S-GW needs to determine the downlink data size and indicates it to the MME if the MT-EDT is applied for this PDN connection. Then the MME includes the downlink data size in the Paging message.

Observation 3: To assist eNodeB to use MT-EDT, the S-GW needs to determine the downlink data size and indicated to the eNodeB via MME.

(3) How UE decides to apply MT-EDT or not?
As discussed in RAN paper (RP-192983), in order to trigger MT-EDT at the UE, the eNodB needs to provide an indication in the Uu paging message, this adds around 30 % signalling overhead per UE paged with the MT-EDT indication, leading to a reduction of the paging capacity and increase of the power consumption of all UEs receiving the message.

Observation 4: The MT-EDT indication in the Uu paging message leads to a reduction of the paging capacity and an increase of the power consumption of all UEs.

(4) S11/S1 signalling enhancements

To support the MT-EDT, the MME needs to indicate the MT-EDT is applied for a PDN connection of the UE to S-GW. And the S-GW needs to indicate the downlink data size to the MME. 
To support the MT-EDT, the S1 Paging signalling needs to be enhanced with new IE downlink data size.

Observation 5: the MT-EDT introduces S11/S1 signalling enhancements, including ME-EDT indication and downlink data size indication.
Based on the above analysis, it can be observed that:

Observation 6: the MT-EDT feature introduces system impacts on UE, eNodeB, MME and S-GW while with minor benefits.
3. Conclusion
In this document, we have discussed the motivation and system impact of supporting MT-EDT and made the following observations:

Observation 1: The MT-EDT feature addresses the use case of network triggered data without application response and small enough to fit in a single downlink transmission, which is less than 10 % of the overall use cases.

Observation 2: The MME needs to obtain necessary information for MT-EDT decision (including UE and SGW capability of supporting MT-EDT, Communication Pattern parameters or local policy), otherwise the decision will be wrong 50% of the time leading to extra power consumption.

Observation 3: To assist eNodeB to use MT-EDT, the S-GW needs to determine the downlink data size and indicated to the eNodeB via MME.

Observation 4: The MT-EDT indication in the Uu paging message leads to a reduction of the paging capacity and an increase of the power consumption of all UEs.

Observation 5: the MT-EDT introduces S11/S1 signalling enhancements, including ME-EDT indication and downlink data size indication.
Observation 6: the MT-EDT feature introduces system impacts on UE, eNodeB, MME and S-GW while with minor benefits.
Based on these observations, it can be conclude that the Message 4 based solution for both CP and UP provide minor benefits while with many impacts on UE, RAN and CN. Thus the following proposal is provided:
Proposal: The MT-EDT feature provides minor benefits while with many impacts on UE, RAN and CN. Thus the MT-EDT feature shall be not supported in Rel-16.
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