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1. Introduction
New Rel-16 WIDs item on additional enhancements for NB-IoT and eMTC were revised at RAN#82 [1], [2]. One of the objectives in these two WIDs is to improve UE power consumption by specifying support for mobile-terminated (MT) early data transmission (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]
…


As highlighted one above, the RAN3 also needs to support MT EDT for NB-IoT and eMTC. In this contribution, we will discuss several open issues related to MT EDT and provide our view on it.
2. Discussion
2.1. DL data buffering
In the previous RAN2 meetings, several MT-EDT options were proposed and the email discussion was then triggered to evaluate the solution options based on the criteria [3]. From S1 interface point of view, there are two kinds of options based on the step in which the DL data is transmitted to eNB:

· Option 1: S1AP Paging with DL data

· Option 2: DL transmission after paging response from the UE (e.g., DL data after preamble and DL data in Msg4 in [3])
In Option 1, the MME sends to the eNB the S1AP Paging message including the DL data. This seems to be applicable to the Control Plane CIoT EPS optimizations only. Since the MME supporting CP CIoT EPS optimizations can receive the DL data from the S-GW or the SCEF, it can decide whether to forward the NAS-PDU including the DL data to eNB by using S1AP message. However, in User Plane CIoT EPS optimizations, there is no user plane interface between the MME and S-GW. Before triggering the UE Context Resume procedure, there is no S1-U interface as well. This means that Option 1 cannot be applicable to UP CIoT EPS optimizations. 
Observation 1: Option 1 seems to be applicable to the Control Plane CIoT EPS optimizations only.
However, there is a critical problem in Option 1. When the UE does not respond to the eNB with the pending NAS-PDU, the eNB should trigger the NAS Non Delivery Indication procedure to report the non-delivery of this NAS message. Specifically, since the MME sends the S1AP Paging message to each eNB belonging to the tracking area(s) in which the UE is registered, many eNBs fail to deliver the NAS-PDU received in the S1AP Paging message. Therefore, this causes unnecessary S1 signaling.
Observation 2: Option 1 causes unnecessary S1 signaling for paging failure case in CP CIoT EPS optimizations.
In Option 2, the MME or S-GW holds the DL data until the UE accesses to the network due to the paging. Therefore, this option can be applied to the both optimizations. In addition, the same data is not transmitted in more than one eNB belonging to the tracking area(s) in which the UE is registered. Hence, the efficient network resource efficiency can be achieved in S1 interface. For the paging failure, since the core network still buffers the DL data, there is no unnecessary S1 signaling between the MME and eNB. 
Observation 3: Option 2 seems to be resource efficient option in S1 interface.
Option 2 has a delay to deliver the DL data to the UE compared to Option 1. However, it seems to be non-critical in NB-IoT and eMTC.
With the observations above, the following proposal is suggested to RAN3.
Proposal 1: For efficient MT EDT, the MME or S-GW should hold the DL data until the UE responds to the network due to the paging.
2.2. UE mobility
In mobile-originated (MO) early data transmission (EDT), the UE mobility can be supported by using the existing procedure (e.g., X2 Retrieve UE Context procedure). However, there is no decision on whether to support the UE mobility for MT EDT.
According to several MT EDT options proposed in [3], the MME triggers the Paging procedure to find the UE within eNB(s) belonging to the tracking area(s). Then, the UE responds to the network due to the paging. In CP CIoT EPS optimizations, the eNB needs not to have any specific context for the UE to support the MT EDT. This is because it is possible for the MME to cipher DL transmission with NAS security. Therefore, as long as the UE and MME keep the NAS security, the UE mobility can be naturally supported in CP CIoT EPS optimizations.
However, in UP CIoT EPS optimizations, the DL transmission should be ciphered with AS security. This means that the eNB needs to reactivate the AS security before the DL transmission. Therefore, when UE moves to a new cell, a new eNB should fetch the UE context from the old eNB in order to support the MT EDT. If the RAN2 selects 4-step approach (i.e., DL data in Msg4), the existing X2 Retrieve UE Context procedure can be easily reused. However, if the RAN2 selects 2-step approach (i.e., paging based option) for MT EDT, the UE does not send the Msg3 including the Resume ID. Since a new eNB does not store the Resume ID in its UE context, it is difficult to locate the old eNB. Therefore, the new eNB fails to reactivate the AS security before the DL transmission. Since it would to be unfair if the MT EDT for UP CIoT EPS optimizations is not supported for non-stationary UE, the context fetch procedure should be also updated for the MT EDT for UP CIoT EPS optimizations.
Proposal 2: For non-stationary UE, the MT EDT should be supported in both optimizations
Proposal 3: For 2-step approach, the context fetch procedure should be updated for the MT EDT for UP CIoT EPS optimizations.
3. Conclusion
In this contribution, we focused on several open issues related to MT EDT based on the RAN2 study and provided our view on it. The following proposals are kindly suggested to RAN3:

Proposal 1: For efficient MT EDT, the MME or S-GW should hold the DL data until the UE responds to the network due to the paging.
Proposal 2: For non-stationary UE, the MT EDT should be supported in both optimizations
Proposal 3: For 2-step approach, the context fetch procedure should be updated for the MT EDT for UP CIoT EPS optimizations.
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