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1. Introduction
The Work Items on “Additional enhancements for NB-IoT” [1] and “Additional MTC enhancements for LTE” [2] both include the following objective:
· Specify support for mobile-terminated (MT) early data transmission (EDT)
which is expected to have RAN3 impact. This document summarizes some of the RAN2 progress and considers potential impacts for RAN3, focusing on CP-CIoT.
2. RAN2 Status

In RAN2#103bis, four options were identified for MT EDT, and later the number grew, as follows [3]:
· Paging based options:

· Option A: DL data transmitted in paging message

· 
Option B: RNTI transmitted in paging message

· Option C: DL grant scheduled in paging message

· Option D: DL data scheduled in paging occasion
· DL data after preamble
· DL data in Msg4
· Option A: based on MO-EDT

· Option B: “with procedure enhancement”

Then, as of RAN2#104, the following was agreed:

- 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.

Further, in the RAN2#105 meeting, some of the MT-EDT solution options were excluded from further consideration:

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

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

Additionally, two other solutions may be excluded, depending on whether the following working assumptions are confirmed

-
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)
In our view, it still makes sense to wait for RAN2 to reduce further the options and express a preference, as at least in principle the required impact on S1 (and CN functions) do not appear to be prohibitive. However, we consider here the impacts of the non-paging-based solutions since these seem to have the highest probability to be adopted.

3. Flow for mobile-terminated EDT with CP-CIoT

3.1 DL data after preamble
A possible flow for this shown below.
[image: image1.emf]UE eNB MME S-GW

PRACH Preamble

8. ACK

7.MT Data

5. S1-AP: MT-EDT Data Request

1. Downlink data Notification 

(small data block)

2. Downlink data Notification ACK

3. S1AP: Paging (MT-EDT indicator)

4. RRC Paging (MT-EDT indicator)

6. S1-AP: MT-EDT NAS TRANSPORT

9. S1AP: MT-EDT ACK


Figure 1: MT data flow for DL Data after preamble
From an S1 perspective, there are some aspects to study:

· In step 3, it would be possible to send the data as part of the paging message, which could obviate the need for steps 5 and 6 (in which case step 9 would be a connection-less message e.g. using the paging ID)

· If used, steps 5 and 6 could be achieved by defining a new procedure (which could be UE-associated), or alternatively existing messages with some additional messages (e.g. INITIAL UE MESSAGE, and DL NAS TRANSPORT)

· In case steps 5 and 6 set up a S1 logical connection, then a release procedure would still be required in S1AP (with no impact on the Uu interface). In this case, step 9 would be a S1AP: UPLINK NAS TRANSPORT message.
4.2 DL data in msg4
A possible flow for this option is shown below. Note that both options A and B within the msg4-based solutions are expected to have similar RAN3 impacts as the “procedure enhancement” seems to be limited within the air interface, although no details are available.
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Figure 3: MT data flow for DL data in msg4
The flow as shown assumes reuse of existing messages (unlike DL data after preamble). As can be seen, the main differences between options 3 and 4 are in the Uu procedures. For S1, the impacts are similar and discussion topics are as follows:
· In step 3, it would be possible to send the data as part of the paging message, which could obviate the need for steps 6-9 (in which case step 12 would be a connection-less message e.g. using the paging ID)

· Steps 6 and 9 could be achieved by defining a new procedure (which could be UE-associated); steps 7 and 8 could be avoided in any case if the data block is provided to the MME in step 1

· A release procedure may not be required if steps 6, 9 and 12 are redesigned to be non-UE associated (as opposed to the messages shown)
4.3 Observations
As mentioned above, the main discussion should continue in RAN2 regarding which option to take forward. From the flows shown in this section, we can envisage some possible S1 impacts:

· The paging message will need to be enhanced with MT-EDT indicator

· Some form of acknowledgement seems to be required in S1AP, but it is not clear if this acknowledgement is optional or mandatory.
· If it is assumed that the data block is not sent in the paging message from CN, there is a requirement to fetch this once the initial exchange with the UE is completed. This S1 exchange can be carried out using a new procedure, or reusing e.g. INITIAL UE MESSAGE, and DL NAS TRANSPORT)
· This choice is related to whether a UE-associated S1 logical connection is created in this flow. If indeed it is created (i.e. legacy messages are used), then a release procedure is also required. If not, there is a need to define a connectionless upstream message to transport a response from the UE (NAS PDU).
While there are differences between the options analyzed, most of the observations made (e.g. in terms of obvious impacts or use of existing messages or potential S1 optimizations) apply equally to both. At this point there do not seem to be critical factors that would lead to a strong preference for one or the other option, from RAN3 point of view.

Overall it is proposed to take the above observations and analysis into account and continue to monitor the RAN2 progress.

Proposal: RAN3 to wait for further RAN2 input on MT-EDT.
5. Conclusions
This paper has further considered the RAN2 progress, and possible impacts and some of the issues that RAN3 will need to discuss. Overall it is proposed to take the above observations and analysis into account, but continue to monitor RAN2 progress, as there do not seem to be critical factors that would lead to a strong preference for one or the other option, from RAN3 point of view.

Proposal: RAN3 to wait for further RAN2 input on MT-EDT.
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