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1 Introduction

The WID of Rel-16 enhancements for NB-IoT and the WID of Rel-16 MTC enhancements for LTE were approved in RAN#80 [1][2]. The following objective is included in both of these WIDs:
	Improved DL transmission efficiency and/or UE power consumption:

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


In R15 EDT, the specification already supports early DL data transmission in Msg4 but the main use case is that EDT is triggered by UL data and then a followed DL data (maybe the application ACK for the UL data) is transmitted. 
In R15 EDT topic discussion, some contributions about pure mobile-terminated (MT) early data transmission were also submitted but RAN2 had not much discussion and also no agreements. In this contribution, we list some possible use cases related to MT EDT and provide some initial proposals.
2 Discussion
2.1 Early DL data transmission for UE in RRC_IDLE 
In the legacy system, for UE in RRC_IDLE, the MME would trigger paging procedure whenever there is DL data for a UE. When the UE receives the paging message, it will perform random access procedure to establish RRC connection for receiving the DL data. After early DL data transmission in Msg4 is supported in EDT, more possible way for DL data transmission could be considered, especially if only one DL packet would be transmitted. In contribution [3] [4], the following possible options have been mentioned:
· Option 1: a new DL EDT indication would be introduced into RRC paging message. If UE receives DL EDT indication in the RRC paging message, UE follows the EDT procedure by indicating EDT in Msg1 but without UL data in msg3.

· Option 2: the UE could be aware of the possibility of DL data transmission according to the service/application characteristics. If a UE receives legacy RRC paging message and it assumes only a single DL packet is expected, the UE would trigger an UL-initiated early data transmission procedure and the DL packet can be transmitted through Msg4.
· Option 3: UE receives legacy RRC paging message (without EDT indication) and follows the legacy procedure. For EDT enabled UE with UP solution, it could always resumes AS security using the stored NCC and DRBs before transmitting the legacy RRC connection resume request message in Msg3 to be prepared to receive DL data over DRB in Msg4.
In option 1 and option 2, UL-initiated early data transmission are reused as much as possible. But an issue of unnecessary large grant in RAR are mentioned in both [3] and [4]. The reason is that EDT Msg1 would trigger large grant in RAR but no UL data need to be transmitted in Msg3. If the UE is in good coverage and the configured maximum TBS for this CE level is large, this issue may be more serious. Because of this issue, in [3], they think option 1 is not preferred while option 3 would be considered. In [4], even they preferred option 2, as UL data transmission would be main use case for EDT, they still think there has no strong motivation to optimize the DL EDT. 
We also prefer to try to reuse the existing EDT procedure, but we think issue of unnecessary large grant in RAR still needs to be resolved. One possible way is to let UE send legacy Msg1. When the UE gets legacy UL grant and if it can assume there has no UL data and only one DL data, the UE could send EDT Msg3 (without UL data) by using the legacy UL grant. Such EDT Msg3 would trigger earlier S1 interface establishment/resumption and make it possible to carry DL data in Msg4.
Proposal 1: It’s suggested to allow the UE using legacy UL grant for transmitting EDT Msg3 without data.
Another difference between option 1 and option 2 is whether or not an explicit indication would be introduced in RRC paging message. We think an explicit indication about the information of coming DL data may be better as it may be more accurate for indicating the existence of DL data than the assumption made by UE itself.
Proposal 2: To introduce an explicit indication in RRC paging message would be beneficial.
For option 3, as legacy Msg3 would be used and it cannot trigger S1 interface establishment/resumption, we think it’s not so useful to resume AS security before legacy Msg3. 
2.2 Early DL data transmission through Msg2 for UE in RRC_CONNECT
In R14 NB-IoT, the contention free random access triggered by PDCCH order has been supported. PDCCH order is usually triggered by the eNB in the case that DL data arrives during RRC_CONNECTED but UL synchronization status is "non-synchronized". That means eNB has pending DL data when the eNB sends a PDCCH order. 

In such random access procedure, the UE uses the dedicated resource indicated by PDCCH order to send Msg1. The eNB could figure out from which UE the preamble comes and no contention resolution is needed. Based on such understanding, it can be considered to include the pending DL data in the RAR message in order to send the DL data to the UE as soon as possible. Before further discussion on details, we need to confirm with RAN1 whether the physical layer would have size limitation for Msg2, or whether it could support larger size for Msg2.
An example for early DL data transmission through contention-free random access procedure in RRC_CONNECTED state is given in Figure 1:
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Figure 1: DL Data along with contention free random Access procedure in RRC_CONNECTED
Proposal 3: It’s suggested to support early DL data transmission in Msg2 during random access procedure triggered by PDCCH order in RRC_CONNECTED.  

Proposal 3a: A LS needs to be sent to RAN1 to confirm whether the physical layer would have size limitation of Msg2, or whether it could support larger size for Msg2.

3 Conclusions

In this contribution, we make the following observations and proposals:
Proposal 1: It’s suggested to allow the UE using legacy UL grant for transmitting EDT Msg3 without data.
Proposal 2: To introduce an explicit indication in RRC paging message would be beneficial.
Proposal 3: It’s suggested to support early DL data transmission in Msg2 during random access procedure triggered by PDCCH order in RRC_CONNECTED.  

Proposal 3a: A LS needs to be sent to RAN1 to confirm whether the physical layer would have size limitation of Msg2, or whether it could support larger size for Msg2.
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