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1. Introduction
In a Reply LS [1], the SA2 raised several open issues for MT-EDT. In this contribution, we examine these open issues and then provide our views on it.
2. Discussion
2.1 DL data size in S1 PAGING message
In last meeting, the RAN3 agreed that the MT-EDT indication needs to be included into the S1 PAGING. However, it was not concluded whether the inclusion of the DL data size in S1 PAGING message is feasible or not. Therefore, the RAN3 asked the other WGs about the benefit of the DL data size in S1 PAGING message [2]. In a reply LS [1], the SA2 mentioned that it is feasible for the MME to include both the MT-EDT indication and DL data size in the S1 PAGING message as follows:

	Reply LS from SA2 [1]:

…
1. MT-EDT indication and DL data size

SA2 has agreed that for both CP CIoT EPS Optimisation and UP CIoT EPS Optimisation, if the MME decides to initiate MT-EDT, it is feasible for the MME to include both the MT-EDT indication and DL data size in the S1 paging message to assist RAN to invoke the MT-EDT procedures.
SA2 discussed how the MME can decide to initiate the MT-EDT procedure. MME may consider the traffic pattern that is received as part of the subscription information. 

SA2 also discussed how to provide the DL data size in the S1 paging message. For CP CIoT EPS Optimisation with MME buffering, the MME can know the DL data size, so it is feasible for MME to provide the DL data size in S1 paging message. For UP CIoT EPS Optimisation and CP CIoT EPS Optimisation with SGW buffering, only the SGW knows the DL data size. SA2 will further discuss how SGW knows whether to send the MT-EDT data size to the MME.

Furthermore, SA2 understands that if the DL data size is provided in the S1 paging message, it is not necessary to also include the MT-EDT indication. The MME includes DL data size only if MME decides that the traffic is of MT-EDT type.
…


Observation 1: From SA2 point of view, it is feasible for MME to include the DL data size in S1 PAGING message.
From signalling point of view, there seem to be some advantages to include the DL data size in the S1 PAGING message. Basically, the RAN2 considers that MT-EDT is intended for DL data which can be transmitted in one transport block. This means that the eNB needs to know the DL data size to finally decide whether to use MT-EDT. If the DL data size is provided in S1 PAGING message, the eNB is able to be aware of this information before the actual reception of DL data from MME, and then check whether the MT-EDT can be triggered or not. For example, the TB size for the selected enhanced coverage level for EDT may be changed during Random Access procedure [3]. For the case where the DL data size is larger than the TB size and the DL data size is not provided to the eNB in S1 PAGING message, the eNB knows the actual DL data size from the MME after receiving the RRC Connection Resume Request message from the UE. Therefore, since the eNB is difficult to perform the MT-EDT, it initiates the legacy resume procedure to send the UE back to the RRC_CONNECTED state by using the RRC Connection Resume message. In this case, although there is no further data from or to the UE, the UE should enter into the RRC_CONNECTED.
However, if the DL data size is provided to the eNB in S1 PAGING message, the eNB can check whether the DL data size is larger than the TB size. If yes, the eNB can cancel the MT-EDT and decide to trigger a legacy resume procedure before sending the RANDOM ACCESS RESPONSE message, thus avoiding the unnecessary signalling between the UE and eNB. 
Therefore, the MME may be beneficial to include into the S1 PAGING message this information instead of the MT-EDT indication in some cases [4].
Observation 2: Unnecessary signaling between the UE and the gNB can be avoided by the inclusion of the DL data size in S1 PAGING message.
However, there are two remaining issues for the inclusion of the DL data size in S1 PAGING message. First issue is how the MME provides to the eNB the DL data size in the S1 paging message. For CP CIoT EPS Optimisation, the MME can know the DL data size because it buffers the DL data. However, for UP CIoT EPS Optimisation, only the SGW knows the DL data size. Therefore, the SGW needs to indicate the DL data size to the MME for the MT-EDT. Basically, this is pending to SA2’s decision. 
Observation 3: It is up to SA2 to solve the issue on how the SGW provides the DL data size to the MME.
Second issue is whether the DL data size is provided with the MT-EDT indication in the S1 PAGING message. To our understanding, if the DL data size is included for the MT-EDT in S1 PAGING message, it is not needed to also provide the MT-EDT indication. Based on the DL data size, the eNB can know the MT-EDT is triggered. 
Observation 4: Based on the DL data size, the eNB can know the MT-EDT is triggered.
With the observations above, the following proposal is suggested to RAN3.
Proposal 1: DL data size should be provided in S1 PAGING message.

2.2 Security issue for Msg2-based solution
For the CP CIoT EPS Optimisation and UP CIoT EPS Optimisation, the RAN2 has separate email discussions to identify the several issues for MT-EDT [5], [6].
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Figure 1. Example of signaling flow for Msg2-based MT CP-EDT [5]
An example signaling flow for Msg2-based MT CP-EDT is provided in Figure 1 [5]. In this scenario, since the eNB does not have any mechanism to verify the UE in step 3, it cannot guarantee whether the preamble in Step 3 is sent by the intended UE or not. In addition, the MME is not able to receive the Control Plane Service Request (CPSR) NAS message before sending the DL data to the UE via the eNB in steps 5-6. Therefore, if the unintended UE (or fake UE) receives the Paging message and responds with the same preamble indicated by the Paging message to the eNB whereas the intended UE may miss the Paging message, e.g., because of out of coverage or bad radio condition, the DL data may be sent to the fake UE instead of the intended UE. Hence, it is needed for the eNB or MME to know that the DL data is successfully sent to the intended UE. To this end, the RAN2 had a following agreement in last meeting:

· RAN2 intends to introduce a mechanism to acknowledge that Msg2 was received by the intended UE.
In step 6, therefore, the Msg 2 needs to be provided to the UE with the TA and UL grant. The RAN2 has also a discussion on whether a new integrity protected RRC message in Msg2 is required or not for UE verification. Based on these values in step 6, the UE can send the integrity protected RRC message as feedback. However, the detailed solution for this issue is FFS. It is up to RAN2 to introduce a mechanism to acknowledge that Msg2 was received by the intended UE. So, the RAN3 waits for the RAN2 progress.
Observation 5: It is up to RAN2 to introduce a mechanism to acknowledge that Msg2 was received by the intended UE in Msg2-based solution.
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Figure 2. Example of signaling flow for Msg2-based MT UP-EDT [6]
This issue is also applicable to the Msg2-based MT UP-EDT. In Figure 2, the eNB needs to resume the S1 connection before sending the DL data in Msg2. However, it is difficult for the network to successfully authenticate the UE with information received in Msg1. Therefore, a similar mechanism to acknowledge that Msg2 was received by the intended UE should be introduced in Msg2-based MT UP-EDT as well.
Proposal 2: RAN3 to wait for the RAN2 progress for acknowledgement for unintended UE in Msg2-based solution.

There is another issue in the Msg2-based MT UP-EDT. In order for the eNB to initiate the S1 Resume procedure and re-activate the AS security prior to Msg2, the eNB needs to have the UE context for the intended UE. Hence, when the UE responds to another eNB (the new eNB) different from the one where the connection was suspended (the old eNB), the new eNB should initiate the X2 Context fetch procedure to retrieve the UE context from the old eNB. However, there is no relevant information to find the old eNB (e.g., Resume ID) in the Preamble message of step 7. Therefore, the eNB is not able to initiate the X2 Context fetch procedure towards the old eNB. 
To avoid this problem, the old eNB needs to send the Resume ID to the MME during the S1 Suspend procedure. The MME just stores this information and then forwards it to the eNB when the S1AP Paging is triggered for the MT EDT. This information enables the new eNB to locate the old eNB and retrieve the UE context by means of the X2 Context fetch procedure.
Proposal 3: Resume ID should be provided in S1 PAGING message for Msg2-based MT UP-EDT if Msg2-based solution is agreed in RAN2.

Also, there is no authentication means such as shortResumeMAC-I in Preamble message of Msg1. Therefore, even if the new eNB sends to the old eNB the X2 Context Fetch Request message including the Resume ID, the old eNB is not able to verify the UE without the authentication means. Therefore, RAN3 needs to wait for the SA3 feedback for context fetch with no authentication in Msg2-based MT UP-EDT.
Proposal 4: RAN3 to wait for the SA3 feedback for context fetch with no authentication in Msg2-based MT UP-EDT.
2.3 End Indication from MME
In MO-EDT, the eNB needs to know there are no further NAS PDUs to be transmitted for this UE. This information can be provided in the AS-RAI from the UE and/or the End Indication from the MME. The UE may provide AS-RAI indicating one of the following: no further Uplink or Downlink Data transmissions are expected; or only a single Downlink data transmission after this Uplink Data transmission is expected. The End Indication is decided based on the NAS-RAI from the UE, and/or MME awareness of the pending MT traffic. In addition, the traffic profile in the Communication Pattern parameters may be used if the RAI from the UE is not provided. Based on this information, the eNB decides which RRC message will be used in Msg4: RRCEarlyDataComplete message to send back to RRC_IDLE state or RRCConnectionSetup message to enter into the RRC_CONNECTED.
A similar mechanism is required to efficiently support MT-EDT. For example, in Msg2-based solution, there may be no additional information such as RAI in the Preamble message of Msg1. Without any additional information, it is difficult for the eNB to know whether there is UL data transmission as a response to MT-EDT. Therefore, the End Indication is reused for the MT-EDT to indicate to the eNB that there is no subsequent UL data transmission as a response.
Instead of the End indication, the MME may provide to the eNB the information related to the traffic profile in the Communication Pattern parameters. Since the Subscription Based UE Differentiation Information including the traffic profile is already defined in Rel-15 MO-EDT, it can be also used for MT-EDT. However, since the MME can easily know whether there is a pending DL data and whether there is UL data transmission as a response to MT-EDT, the End Indication from the MME is more preferred.

Proposal 5: The End Indication should be reused for MT-EDT.

Proposal 6: It is proposed to agree the corresponding CR in [7].
3. Conclusion
In this contribution, we focused on open issues for MT-EDT and provided our views on it. The following proposals are kindly suggested to RAN3.
Proposal 1: DL data size should be provided in S1 PAGING message.
Proposal 2: RAN3 to wait for the RAN2 progress for acknowledgement for unintended UE in Msg2-based solution.

Proposal 3: Resume ID should be provided in S1 PAGING message for Msg2-based MT UP-EDT if Msg2-based solution is agreed in RAN2.
Proposal 4: RAN3 to wait for the SA3 feedback for context fetch with no authentication in Msg2-based MT UP-EDT.
Proposal 5: The End Indication should be reused for MT-EDT.
Proposal 6: It is proposed to agree the corresponding CR in [7].
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