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1 Introduction
Compared with R2-1906152, the changes are:

· WID descriptions and RAN2 progress are updated.

· The proposals are updated based on the two email discussions on MT-EDT.

Rel-16 WIDs item on additional enhancements for NB-IoT and eMTC were approved at RAN#80 and revised at RAN#81, RAN#82, RAN#83 and RAN#84 [1], [2]. One of the objectives in these two WIDs is to support MT-EDT:

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]

Several options for MT-EDT were proposed in the previous RAN2 meeting. Only two options were still on the table, i.e. Msg2 based option and Msg2 based option. In the previous RAN2 meetings, the following agreements on MT-EDT for both Msg2 based option and Msg4 based option were made for both NB-IoT and eMTC [3]:

	Agreements of RAN2#103bis
· Transmission in dedicated preconfigured uplink resources in IDLE mode is supported for UEs with a valid timing advance.

· Initially we will focus on dedicated preconfigured uplink resources in idle mode

· Shared resources can also be discussed

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 transmission as a response should be supported for MT-EDT.

RAN2#105 agreements:

· DL data in paging message is excluded (Opt A).

· RNTI in paging message to schedule the DL data is excluded (Opt B).

· Working assumption: DL data scheduled, i.e. DL grant, in paging message is excluded (Opt C).

· Working assumption: DL data scheduled in paging occasion is excluded (Opt D).

RAN2#105bis agreements:

· For both UP and CP solutions, an MT-EDT indication is needed in the S1 paging message to eNB. It is up to RAN3 to decide how such indication is provided to the eNB.

· RAN2 assumes that MME initiates MT-EDT.

· It is up to eNB to use MT-EDT based on e.g., UE capability.

· RAN2 assumes that DL data information is needed from S-GW/SCEF to the MME to assist MME to initiate MT-EDT.

· For the UP solution, the DL data are ciphered and sent over DTCH.

· For both UP and CP solutions eNB sends MT EDT indication to the UE via paging.

For Msg-2 based solution (if agreed):

· A CF RACH resource is provided in the paging message to page the UE for MT-EDT. FFS whether/how security related concerns are addressed and how number of repetitions required and RNTI are provided.

For Msg-4 based solution (if agreed):

· For UP solution, RRCConnectionResume is used in Msg4 in case UL transmission is expected in response.

RAN2#106 agreements:

· DL data scheduled, i.e. DL grant, in paging message is excluded (Opt C).

· DL data scheduled in paging occasion is excluded (Opt D).

· DL data transmitted in Msg4 option B is excluded (Msg4-B).

For Msg2-based solution (if agreed):

· No need to cipher the dedicated RACH resource provided in the paging message.

· RAN2 intends to introduce a mechanism to acknowledge that Msg2 was received by the intended UE.

· At least one dedicated RACH resource is provided in the paging message for MT-EDT. FFS what other parameters, e.g., CE level, subcarrier index, are needed to be provided.

· FFS: whether RNTI is provided in the paging message.

For Msg4-based solution (if agreed):

· Working assumption: UE should be able to indicate in Msg3 if it intends to send data in the UL.




This document further analyses the two remaining MT-EDT options, i.e. Msg2 based option and Msg4 based option.
2 Discussion
2.1 Msg4 based option

The pros. and cons. of Msg4 based option can be summarized as follows:

· Pros.

Compared to Msg2 based option, Msg4 based option can reuse the MO-EDT procedure to a large extent, e.g. RRC messages, security for UP solution, etc. Thus, Msg4 based option for MT-EDT may cause less changes in the specification and can be easily supported.
· Cons.
Compared to Msg2 based option, Msg4 based option have very limited benefits on UE power consumption and latency since more steps are needed in the whole procedure. Especially for the agreed use case that the UE needs to send RLC ACK or uplink application layer feedback, an uplink transmission following downlink data is needed. 
For the UP solution, it was agreed in RAN2#105bis that RRCConnectionResume is used in Msg4 when an UL transmission is expected in response. We think the same scheme also applies for the CP solution when there is UL transmission. Thus the eNB has to move the UE to RRC connected mode, which involves additional signalling. Then there will be no benefit on UE power consumption any more. Another limitation is that Msg4 based option can only work in the case that MO-EDT is supported/configured by the eNB, which puts restrictions on the eNB implementation.
Based on the above, we think the use case of Msg4-based solution is quite limited and there is almost no benefit with Msg4-based solution for power saving.
 Thus it is not worth to support.
Observation 1: The use case of Msg4-based solution is quite limited and there is almost no benefit with Msg4-based solution for power saving.
Proposal 1: Msg4 based solution is not supported for MT-EDT.
2.2 Msg2 based option
This option is more power efficient than Msg4 based solution. As the downlink data are only sent after receiving the assigned preamble, there is no need to restrict the usage to stationary UEs or rely on subscription parameters, so it is flexible. The only downside is the need to reserve dedicated RACH preambles for this purpose, which is acceptable since it is similar to the preamble reservation in handover procedure.
Proposal 2:  Msg2 based solution is supported for MT-EDT.
3 Conclusion

This paper focused on the two remaining MT-EDT options. Corresponding observation and down selection proposals are listed as below:
Observation 1: The use case of Msg4-based solution is quite limited and there is almost no benefit with Msg4-based solution for power saving.
Proposal 1: Msg4 based solution is not supported for MT-EDT.
Proposal 2: Msg2 based solution is supported for MT-EDT.
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