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1 Introduction
Compared with R2-1813914, a new option 1B was added.

New Rel-16 WIDs on additional enhancements for NB-IoT and eMTC were approved at RAN#80 [1] and revised at RAN#81 [2]. One of the objectives in these two WIDs is to improve UE power consumption by specifying support for mobile-terminated early data transmission (MT-EDT):

For NB-IoT:

Improved DL transmission efficiency and/or UE power consumption:

· Specify support for mobile-terminated (MT) early data transmission (EDT) [RAN2, RAN3]

· Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]

For eMTC:

Improved DL transmission efficiency and/or UE power consumption:

· Specify support for mobile-terminated (MT) early data transmission (EDT) [RAN2, RAN3]

· Specify quality report in MSG3 at least for EDT [RAN1, RAN2]

· Specify MPDCCH performance improvement by using CRS at least for connected mode [RAN1, RAN2, RAN4]

· Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]

In this document, we will discuss MT-EDT options in general.
2 Discussion
2.1 Background
In Rel-13, CIoT EPS optimizations were introduced for both Control Plane and User Plane [3]. They reduce the signaling overhead and the latency before the actual data transmission by skipping the security activation and setup of the user plane bearers.
In Rel-15, EDT (Early Data Transmission) was introduced for the use case of one UL data transmission optionally followed by a DL data transmission for both CP solution and UP solution [3]. EDT reduces further the signaling overhead and the latency by introducing UL data transmission in MSG3 and DL data transmission in MSG4 and avoiding the full establishment/ resumption of the connection.

MT-EDT was not specified in Rel-15 due to lack of time and postponed to Rel-16. 
In this document, we discuss several options for MT-EDT.
2.2 MT-EDT options
Based on the downlink steps of a DL data transmission procedure, i.e. paging, Msg2, Msg4, we think the following five main options can be considered for MT-EDT:
· Option 1A: DL data after the paging message

· Option 1B: DL data scheduled with pre-configured RNTI in type-1-CSS

· Option 2: DL data with MSG2
· Option 3: DL data with MSG4, reusing the UL-EDT procedure

· Option 4: DL data with MSG4, optimising the UL-EDT procedure
In all the options described hereafter, the data are protected with NAS security for the CP solution and with AS security for the UP solution.

2.2.1 Option 1A: DL data after the Paging message
The earliest message to send DL data is the paging message. However, this will seriously affect the paging capacity and the power consumption of other UEs. The next opportunity is immediately after the paging message. 
In this option, the MME/SGW provides the DL data to the eNB in the paging request message and the eNB provides scheduling information for the DL data in the paging message on the Uu interface. The paging message reception is acknowledged on the Uu and S1 interface. The procedure terminates.
This option is very optimal from the UE power consumption point of view and does not rely on UE internal knowledge. Some issues need to be addressed for this option, e.g. impacts on different nodes, waste of radio resources if the UE is not present in the cell. Thus, we think this option is probably only usable for stationary UEs.
For the user plane solution, it should also be addressed how to identify/retrieve the UE security context in the eNB upon reception of the paging message from the MME. 

2.2.1.1 DL data after the paging message for the CP solution
The principle of DL data transmission with the paging message for the CP solution is depicted below. 
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Figure 1: Example of CP MT-EDT with the Paging message
2.2.1.2 DL data after the paging message for the UP solution

The principle of DL data transmission just after the paging message for the UP solution is depicted below.
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Figure 2: Example of UP MT-EDT with the paging message
2.2.2 Option 1B: DL data scheduled in type1-CSS

This option is a variant of option 1A for paging based solution. In this option, the eNB can pre-configure a UE-specific RNTI to the UE in the previous connection. Upon reception of the DL data from the MME/SGW, the eNB can schedule the DL data directly using the pre-configured RNTI in type1-CSS at the UE’s PO.
Compared to option 1A, this option can save more UE power consumption since the UE does not need to receive paging message. 

The impact of this option is similar to option 1A. 

2.2.2.1 DL data scheduled in type1-CSS for the CP solution
The principle of DL data scheduled in type1-CSS for the CP solution is depicted below. 
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Figure 3: Example of CP MT-EDT scheduled in type1-CSS
2.2.2.2 DL data with the paging message for the UP solution

The principle of DL data scheduled in type1-CSS for the UP solution is depicted below.
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Figure 4: Example of UP MT-EDT scheduled in type1-CSS
2.2.3 Option 2: DL data with MSG2
The next opportunity to send the DL data is MSG2. 
In this option, the MME indicates single DL data to the eNB in the paging request message. the eNB provides a dedicated RACH preamble to the UE in the paging message on the Uu interface. Upon Msg1 reception, the eNB sends a message to the MME in the S1 interface to establish / resume the S1 interface and obtain the DL data. The DL data are then either scheduled or directly sent in MSG2. The DL reception is acknowledged on the Uu, after which the procedure terminates.

Compared to options 1A and 1B, this option is less optimal from the UE power consumption point of view but has the benefit that the DL data are only sent after the UE has responded, avoiding waste of radio resources on the Uu when the UE is not present in the cell, so is more appropriate for mobile UEs.

This option has similar impacts on the different nodes and interfaces to the options 1A and 1B.
2.2.3.1 DL data with MSG2 for the CP solution
The principle of DL data with MSG2 for the CP solution is depicted below. 
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Figure 5: Example of CP MT-EDT with MSG2
2.2.3.2 DL data with MSG2 for the UP solution
The principle of DL data transmission with MSG2 for the UP solution is depicted below. 
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Figure 6: Example of UP MT-EDT with MSG2
2.2.4 Option 3: DL data with MSG4, reusing the UL-EDT procedure 
For DL-initiated early data transmission, one proposed option was to reuse the UL-EDT procedure. 

This has the benefit of limiting the impact on the specification, and this assumes that the UE can be aware of the possibility of using early data transmission according to the service/ application characteristics. This option has some drawbacks, e.g. use of reserved preambles and unnecessary padding in MSG3 transmission.

2.2.4.1 DL data with MSG4, reusing UP-EDT for the CP solution
The DL-initiated data transmission for the CP solution is depicted below.
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Figure 7: Example of CP MT-EDT in Msg4

2.2.4.2 DL data with MSG4, reusing UP-EDT for the UP solution
The DL-initiated early data transmission for the UP solution is depicted below.
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 Figure 8: Example of UP MT-EDT in Msg4

2.2.5 Option 4: DL data with MSG4 optimising the UL-EDT procedure
This option is a variant of option 3 that attempts to address the two issues of the use of reserved preambles and the unnecessary padding in MSG3. The eNB should be aware of the DL data prior to transmitting MSG4, so that the eNB can determine using MSG4 to carry the DL data. 
In this option, the MME indicates single DL data to the eNB in the paging request message and the eNB forwards the indication to the UE in the paging message on the air interface. The UE initiates DL-EDT in a similar way to UL EDT but the legacy preambles and legacy UL grant are used, i.e. without including any UL data. Upon MSG3 reception, the eNB requests the MME to establish/ resume the S1 connection. For the CP solution, this implies a change on the S1 interface as there is no NAS PDU. The following steps are the same as UP-EDT.

Compared to the options 1A and 1B, this option is more optimal from the UE power consumption point of view and the radio resource usage, as legacy preambles and legacy grant for MSG3 are used. The option has impact on the eNB/MME and S1 interface.
2.2.5.1 DL data with MSG4 optimising the UL-EDT procedure for the CP solution
The principle of DL-initiated data transmission in MSG4 for the CP solution is depicted below.
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Figure 9: Example of CP MT-EDT in MSG4
2.2.5.2 DL data with MSG4 optimising the UL-EDT procedure for the UP solution
The principle of DL-initiated early data transmission for the UP solution is depicted below.
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 Figure 10: Example of UP MT-EDT in MSG4
3 Conclusion 
In this paper, we have presented several options for MT-EDT. We propose to discuss the different options and identify candidate solutions for further work.
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