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Introduction
A new Rel-16 WID revision for eMTC [1] and NB-IoT [2] have been proposed with the following objective: ​
Improved DL transmission efficiency and/or UE power consumption:
· Specify support for mobile-terminated (MT) early data transmission (EDT) [RAN2, RAN3]

MT-EDT was discussed from RAN2#103bis-105 meetings, where companies shared their views that MT-EDT indication is needed, and discussed in which message the DL data should be sent on. After excluding the paging options as working assumptions in RAN2#105, two potential options remained: sending MT data in/with Msg2, and in Msg4​.
By examining these two approaches, we can remark that procedures for DL data in Msg4 are described based on the MO-EDT framework, which can be taken as direct baseline for transmitting MT EDT. Besides, it can be enhanced with further optimization that requires minimal impacts on the network nodes [3]. 
This contribution proposes a solution for potentially transmitting MT DL data in Msg4 for both the UP and CP solutions. We also discuss the RAN3 requirements needed for these solutions as well as the open issues.

Discussion
2.1		MT UP-EDT
Figure 1 shows the signaling flow of the proposed MT UP-EDT solution. In MO UP-EDT solution, it was agreed in RAN2#102 that the DL data is optionally multiplexed with the RRCConnectionResume in Msg4 in MO UP-EDT and segmentation in Msg4 is up to the network [3].
In other words, in MO UP-EDT, DL data in Msg4 is possible for any DL data size. However, it is not the case in MT EDT. It was agreed in RAN2#104 that MT-EDT is intended for DL data which can be transmitted in one transport block. This means the eNB needs to determine the initiation of MT-EDT based on DL data size. 
[bookmark: _Toc4773125]In MT UP-EDT, eNB needs to be aware of DL data size during paging to determine whether to initiate MT-EDT
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Figure 1: Example of signalling flow for MT UP-EDT
We think that the information about DL data size can be provided to eNB as illustrated in Figure 1, i.e., DL data size is included in the DL data notification and S1 paging message to inform eNB. Depending on the received information, the eNB can decide whether to initiate MT-EDT accordingly. It is therefore proposed to provide eNB with DL data size during paging (see our proposed CR in [4]).

[bookmark: _Toc4660734][bookmark: _Toc4662062][bookmark: _Toc4662094][bookmark: _Toc4662176][bookmark: _Toc4662269][bookmark: _Toc4663245][bookmark: _Toc4663429][bookmark: _Toc4663460][bookmark: _Toc4663819][bookmark: _Toc4663853][bookmark: _Toc525888986][bookmark: _Toc4713638]For MT UP-EDT solution, DL data size is included in S1 paging message to inform eNB of MT EDT initiation

Furthermore, in MT UP-EDT, it is preferred that the eNB knows DL data size from the CN before building Msg4 so that it can determine whether the connection is needed or not. In fact, depending on the received information, the eNB can decide whether to release the RRC connection, i.e., sending the UE the RRCConnectionRelease in Msg4 or continue resuming the connection with the RRCConnectionResume in Msg4, respectively. 
[bookmark: _Toc4773126]In MT UP-EDT, it is beneficial if the eNB can be aware of DL data size before Msg4 to determine whether to send the UE back to RRC_IDLE.
As shown in blue in Fig. 1, we think that information about DL data size can be included in the Modify bearer procedure. Once MME is aware of DL data size, it can include this information in the S1-AP UE Context Resume Response (in step 10 in Fig. 1) so that the eNB can decide whether the connection can be released or not. 
Therefore, we propose to send the DL  data size information in the UE CONTEXT RESUME message so that eNB can determine whether the UE can be released or should be kept in connected mode for further data transmissions. (see our proposed CR in [5]).
MME sends to eNB an MT UP-EDT DL data size IE via UE CONTEXT RESUME, so that eNB can quickly decide whether to send the UE to IDLE mode.

2.2	MT CP-EDT
Figure 2 shows the signaling flow of the proposed MT CP-EDT solution. It is necessary for the DL data to be present at the MME before it builds a NAS-PDU to be piggybacked in the RRC message in Msg4.
[bookmark: _Toc525888981][bookmark: _Toc528859676][bookmark: _Toc4773127][bookmark: _Hlk536626998]In MT CP-EDT, DL data needs to be present at the MME before eNB transmits Msg4.
However, it is not the case in the actual setup. Currently, the information about DL data size is not always available at the MME by the time the UE is paged. To trigger the UE to initiate CP-EDT with EDT preamble in Msg1, an MT CP-EDT indication from the MME to the eNB is needed. We propose to send such a MT CP-EDT indication via the Paging message. We present in our CR in [4] an “MT CP-EDT flag” that can be used for indicating it.
[bookmark: _Toc525888992][bookmark: _Toc528859686]MME sends to the eNB an MT CP-EDT indication via Paging.

We can observe that this indication is also needed from eNB to UE. The UE can then select Rel-15 EDT preamble to transmit in Msg1. 
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Figure 2: Example of signaling flow for MT CP-EDT
If the UE sends the RRCEarlyDataRequest in Msg3, the eNB can then send to MME the S1-AP Initial UE message to establish a connection between MME and S-GW. 
Regarding the trigger for RRC release in MT CP-EDT, it has been agreed in MO CP-EDT that the MME indicates to the eNB a two-valued “End indicator” to facilitate immediate release. It is to be specified how the MME can determine such an indication, i.e., based on what information. We think the S1 End indicator can be used in MT CP-EDT and MME can determine this indication based on the information about DL data size.
[bookmark: _Toc4773128]“End indication” from MME to eNB introduced for MO CP-EDT can also be used to facilitate immediate release in MT CP-EDT.
Similar to UP solution, the information about DL data size can be included in the Modify bearer procedure between MME and S-GW/SCEF (as in step 9, Fig. 2) so that the MME can decide to include the End indication in the S1-AP DL NAS message to facilitate the release [3]. Alternatively, the MME can send the eNB the S1-AP UE context release to request eNB to release the connection. Thus, RAN3 should discuss the best way to support this. 
[bookmark: _Toc4773129]In MT CP-EDT, it is beneficial if the MME can be aware of DL data size before Msg4 to determine whether to send the UE back to RRC idle.
RAN3 needs to investigate how to inform the MME about DL data size before it sends Msg4 for MT CP-EDT.
In case there are more DL data, the eNB setups a connection for  transmission of data in later messages.

Finally, regardless of S1 signalling in both UP and CP MT-EDT, it is yet to be decided how the UE replies to the DL Data (e.g.: TCP ACK, Application ACK) and how the network (eNB or MME) behaves to it. RAN3 should monitor RAN2 progress and align on any decision that has S1 impacts.
Conclusion
In the previous sections we made the following observations: 
Observation 1	In MT UP-EDT, eNB needs to be aware of DL data size during paging to determine whether to initiate MT-EDT
Observation 2	In MT UP-EDT, it is beneficial if the eNB can be aware of DL data size before Msg4 to determine whether to send the UE back to RRC_IDLE
Observation 3	In MT CP-EDT, DL data needs to be present at the MME before eNB transmits Msg4.
Observation 4	“End indication” from MME to eNB introduced for MO CP-EDT can also be used to facilitate immediate release in MT CP-EDT
Observation 5	In MT CP-EDT, it is beneficial if the MME can be aware of DL data size before Msg4 to determine whether to send the UE back to RRC idle.

Based on the discussion in this paper, we propose the following:
1. For MT UP-EDT solution, DL data size is included in S1 paging message to inform eNB on MT EDT initiation
1. MME sends to eNB an MT UP-EDT DL data size IE via UE CONTEXT RESUME, so that eNB can quickly decide whether to send the UE to IDLE mode.
1. MME sends to eNB an MT CP-EDT indication via Paging
1. RAN3 needs to investigate how to inform the MME about DL data size before it sends Msg4 for MT CP-EDT.
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