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Introduction
A new Rel-16 WI revision has been proposed for NB-IoT [1] 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]
The following decisions were also agreed from RAN2 last two meetings:
RAN2#103bis agreements: ​
· RAN2 intends to support MT-initiated EDT for both CP and UP solutions. ​
· The intention to use MT-EDT is for user data, i.e. not for NAS signalling. ​
RAN2#104 agreements: ​
· 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 tx as a response should be supported for MT-EDT.

MT-EDT was discussed from RAN2#103bis, mainly on high-level aspects​. Specifically, it was discussed in which message the DL data should be sent on. Four options were retained: 
· Option 1: MT data in paging message
· Option 2: MT data scheduled in paging message
· Option 3: MT data after paging message and PRACH preamble transmission, i.e., MT data with Msg2
· Option 4: MT data in Msg4
While there are possible other alternatives to NB-IoT MT early data transmission, this contribution discusses general aspects that should be considered in evaluating the four options. Detailed UP and CP solutions for MT data in Msg4, which is the most viable NB-IoT MT EDT option in our view, are discussed in [2].
Discussion
2.1 Evaluation of options
Among the criteria to evaluate the NB-IoT MT EDT options, RAN3 should leave the analysis to RAN2 discussion on the aspects related to battery life, resource efficiency, security, reliability, and focus on the RAN3 impacts on the interface from the core network to the eNB. In fact, it is desirable to have a MT EDT solution that requires reasonably small changes on relevant network nodes (e.g., S1) and not incurring large overhead in paging procedure.
RAN3 should discuss MT EDT options with respect to the impacts on the S1 specs. Other aspects should be up to RAN2 to analyze.

2.2 Description of options
Option 1: MT data in paging message
· In this option, the DL data is included in a NAS PDU and transmitted directly in paging record.
· the MME sends DL user data in the S1 paging request message in a NAS PDU to each of eNBs with cells belonging to the tracking area(s) in which the UE is registered. The eNB(s) then forward this NAS PDU to the UE in the paging message, e.g., in PagingRecord. 
· This option leads to significant changes to different network nodes (MME, eNB, UE) and multiple interfaces (S1, X2, E-UTRA), and is probably the worst in terms of CN impacts. In fact, in order to enable AS security, the CN and the S1 interface need to be updated so that the eNB can get the UE context earlier to protect the DL data.

Option 2: MT data scheduled in paging message
· The network includes RNTI information and a MT-EDT in the paging message instead of transmitting the DL data in paging message. The RNTI is used to schedule DL transmission to the UE on (M)PDCCH. Only the UE with the provided RNTI monitors (M)PDCCH for the PDSCH containing a NAS PDU with DL user data. 
· This option improves option 1 by reduction of the unnecessarily large paging message. However, it has similar impacts on CN and RAN3 specifications as that in option 1.
[bookmark: _Hlk535931669]All paging-based options lead to significant impacts on different network nodes with minimal gain and should thus not be supported for MT EDT.

Option 3: MT data with Msg2
· In this option, dedicated (N)PRACH resource is included in paging message. Upon receiving the dedicated preamble, the eNB can retrieve the DL data from CN using connection establishment or resumption. The eNB then sends the DL data with Msg2 in a PDSCH transmission using the provided UE identity (e.g., RNTI) to the UE. Although the PRACH preamble and UE identity would be reserved in all the eNBs that page the UE, only one eNB needs to get the DL data from CN and send it to the intended UE.
· In this option, it remains open-issue how to develop CP and UP solutions in this case, since more needs to be done for the network to provide the UE time advance (as in legacy Msg2 RAR) UL feedback. Similarly, this option has large impact on different network nodes compared to options 1 and 2. 

Option 4: MT data in Msg4
· Procedure for DL data in Msg4 was described previously in [3]; it is based on the MO EDT framework, which can be taken as baseline with possible enhancements for further optimization. 
· This can be considered as a straightforward way of developing MT EDT solutions, inheriting the security, reliability and resource efficiency characteristics from Rel-15 MO CP- and UP-EDT solutions with minimal changes required. Details about the enhancements for UP and CP solutions are presented in [2].
· In this option, only a MT-EDT indication needs to be added into S1-paging message, making it the option that have least potential impacts on network nodes.

All paging-based options and DL data in Msg2 lead to significant changes to multiple network nodes (MME, eNB, UE) and multiple interfaces (S1, X2, E-UTRA). Meanwhile, the Msg4-based option can reuse the MO-EDT procedures with minimal changes.

2.3 Evaluation from impact on network nodes
Given the descriptions above, from RAN3´s point of view, we rate the MT-EDT transmission options in the context of NB-IoT as following:
1. MT data in Msg4
2. MT data in Msg2
3. MT data scheduled in paging message
4. MT data in paging message

Thus, we think that DL should be transmitted in Msg 4 since it has the minimal changes on S1. We provide in [2] a detailed possible solution for transmission of MT DL data in Msg4 for both UP and CP solutions, as well as the RAN3 requirements of this solution.
From RAN3 view, MT EDT DL data should be transmitted in Msg4 for both UP and CP CIoT Optimizations. DL data transmission before Msg4 is excluded. The decision should be aligned with RAN2 decision.

Conclusion
In the previous sections we made the following observations: 
Observation 1	All paging-based options lead to significant impacts on different network nodes with minimal gain and should thus not be supported for MT EDT.
Observation 2      All paging-based options and DL data in Msg2 lead to significant changes to   multiple network nodes (MME, eNB, UE) and multiple interfaces (S1, X2, E-UTRA). Meanwhile, the Msg4-based option can reuse the MO-EDT procedures with minimal changes.
Based on the discussion in this paper, we propose the following:
1. RAN3 should discuss MT EDT options with respect to the impacts on the S1 specs. Other aspects should be up to RAN2 to analyze.
1. From RAN3 view, MT EDT DL data should be transmitted in Msg4 for both UP and CP CIoT Optimizations. DL data transmission before Msg4 is excluded. The decision should be aligned with RAN2 decision.
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