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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.
2. RAN2 Status

In RAN2#103bis, several options were identified for MT EDT, specifically

· 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

· Option 4.  MT data in Msg4
No agreement has been reached yet on which scheme to adopt. 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.

which provides a framework for further discussions in RAN2.
3. S1 Requirements for mobile-terminated EDT
The message flows for (mobile-originated) EDT have been captured in TS 36.300, clause 7.3b. For both control plane and user plane optimizations, the common characteristic is that uplink data is provided in msg3, and the decision to trigger EDT procedures is initially taken by the UE (although the network may eventually trigger a fall back to a normal RRC connection).
For MT, the main differences from a message flow perspective are obviously due to the fact that the normal MT network procedures, including paging, will precede UE access procedures. Since the UE still retains the decision to use EDT procedures, a key question is when will the UE take the decision to use EDT.
Note that RAN agreed the following:

· MT-EDT is intended for DL data which can be transmitted in one transport block

But the UE does not know this, and if the UE always initiates EDT in response to paging, it could lead to overuse of EDT resources if MT traffic cannot be transmitted in one transport block, i.e. UE initiates EDT in response to every page and eNB triggers fallback via msg4 as described above.

Observation 1: Unlike MO EDT, the network should make the UE (and eNB) aware that downlink data is MT-EDT compatible (i.e. the network has a small data block to send that can fit into one TBS).

Therefore, the network provides an indication of MT EDT in paging. All options discussed by RAN2 rely on such an explicit or implicit indication e.g.:

· For options 1 and 2, this is obvious as the RRC paging message either carries the MT data, or carries an indication of the resources to be used for reception of MT data. Therefore, in both cases, the NAS message encapsulating the MT data (for CP) needs to be carried in the S1 Paging message, in order to trigger the necessary actions by the eNB on the Uu interface. Note also that both options require all paged eNBs to transmit the MT data, because there is no UE feedback.
· Option 3 differs from option 2 mainly in the fact that the eNB only transmits the MT data after receiving PRACH from the UE. This reduces resource consumption (only one eNB transmits the data block), but in any case, still needs the eNB/UE to be aware of MT EDT at paging, even if the NAS message is not sent in the S1 paging message.
· Option 4 seems similar to MO EDT, except that as discussed above, the UE anyway should be aware of the need to trigger EDT procedures over Uu.
Observation 2: All options considered by RAN2 require changes to the paging message (both over S1 and Uu), so that the UE and eNB will trigger EDT procedures: the paging message includes either a paging indication regarding small volume of pending data in the network (i.e. indication or resource allocation), or the actual transport block (in the case of CP-CIoT).
A pre-requisite is that the SGW would advise the MME of this possibility; some form of data volume threshold would have to be configured in the SGW. For CP-CIoT, some further changes might be envisaged in CN procedures in case of option 1, since the data would need to be sent to the MME before the paging message is triggered. Obviously, the exact impact on S1 signalling is going to be dependent on the solution selected by RAN2.

Observation 3: The S1 impact of MT EDT depends on the solution chosen by RAN2. From the current options, solution based on option 1 has most impact and solution based on option 4 the least. 
In our view, it makes sense to wait for RAN2 to analyze this and express a preference, as at least in principle the required impact on S1 (and CN functions) do not appear to be prohibitive. However, it is useful to start considering possible implications of the options on the S1 signalling flows, as discussed in the next section.

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

4.1 Options 1 and 2
Since options 1 and 2 only seem to differ in terms of UE procedures, from S1 perspective they can be treated jointly. Figure 1 shows a generic flow for these two options.
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Figure 1: MT data flow for options 1 and 2

The main difference between the two concerns Uu procedures. It should be noted that no UE-associated S1 connection needs to be established, i.e. step 6 could also be connection-less. Note also that the ACK in step 5 is application level i.e. the message in step 6 may need to carry a NAS PDU (using e.g. S-TMSI).

Therefore, the eNB must retain a micro-context after receipt of S1 paging, in order to provide the message in step 6 (e.g. UE paging identity, or some other ID sent in the paging message). In conclusion, the S1 paging procedure needs to be enhanced (or a new procedure defined), and a new class 2 procedure would need to be defined for step 6.
4.2 Option 3

A possible flow for option 3 is shown below.
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Figure 2: MT data flow for option 3

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.
4.3 Option 4

A possible flow for option 4 is shown below.
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Figure 3: MT data flow for option 4

The flow as shown assumes reuse of existing messages (unlike that shown for option 3). 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)
4.4 Observations
As mentioned above, the main discussion should now take place in RAN2 regarding which option to take forward. From the flows shown in this section, we can envisage some possible S1 impacts:

· In all cases, the paging message will need to be enhanced with MT-EDT indicator, which can either be a flag or actual NAS data to be sent to the UE

· In all cases, some form of acknowledgement seems to be required in S1AP, but it is not clear if this acknowledgement is optional or mandatory.
· In options 3 and 4, 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).
Note: With all 4 options, and regardless of S1 signalling, it is yet to be decided how the UE returns to idle after it has delivered application level ACK to eNB. 

Overall it is proposed to take the above observations and analysis into account, but wait for RAN2 to express a preference, or initiate discussions with RAN3 if needed from their perspective.

Proposal: RAN3 to wait for further RAN2 input on MT-EDT.
5. Conclusions
Observation 1: Unlike MO EDT, the network should make the UE (and eNB) aware that downlink data is MT-EDT compatible (i.e. the network has a small data block to send that can fit into one TBS).

Observation 2: All options considered by RAN2 require changes to the paging message (both over S1 and Uu), so that the UE and eNB will trigger EDT procedures: the paging message includes either a paging indication regarding small volume of pending data in the network (i.e. indication or resource allocation), or the actual transport block (in the case of CP-CIoT).

Observation 3: The S1 impact of MT EDT depends on the solution chosen by RAN2. From the current options, solution based on option 1 has most impact and solution based on option 4 the least. 
This paper has also considered the 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 wait for RAN2 to express a preference, or initiate discussions with RAN3 if needed from their perspective.

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