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1	Introduction
In the Rel-16 WIDs for both LTE-M [1] and NB-IoT [2], one of the objectives is to specify support for MT EDT:
Improved DL transmission efficiency and/or UE power consumption:
· Specify support for mobile-terminated (MT) early data transmission (EDT) [RAN2, RAN3]
MT EDT was discussed in the RAN2#103bis meeting with the following agreements [3]:
· 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 signaling.
In addition, the companies list (at least) the possible MT EDT options below for discussion in the next meeting:
· 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, i.e., MT data with Msg2
· Option 4.  MT data in Msg4
While there are possible other alternatives to MT early data transmission, this contribution discusses general aspects that should be considered in evaluating the four options. Detailed UP and CP solutions for MT data in Msg4, which is the most viable MT EDT option in our view, are discussed in [4].
[bookmark: _Ref178064866]2	Discussion
2.1	Evaluation Criteria
In our view, among the criteria to evaluate the MT EDT options, RAN2 should discuss at least the following aspects: battery life, resource efficiency, security, reliability, and impact on core network.
[bookmark: _Toc528898595]RAN2 should discuss MT EDT options considering at least battery life, resource efficiency, security, reliability, impact on core network aspects.

Security and reliability
First, it should be possible that the user data is confidentially protected to avoid unauthorized use. Thus, RAN2 should discuss options that allow for ciphering of DL data. For example, a straightforward way is to reuse MO CP-EDT and UP-EDT frameworks with the security architecture at NAS and AS layers, respectively.
The MT EDT solution should also be able to provide reliable delivery/transport of user data, i.e., the network should be able to know whether its DL user data was successfully delivered to the intended UE. Thus, a solution that cannot ensure that only the intended UE could receive DL data should be down-prioritized. Data should only be considered successfully delivered if the network has received a security protected response from the UE whose authenticity is successfully verified by the network. An acknowledgement mechanism such as RLC or HARQ ACK without security protection may not be considered sufficient for reliable delivery/transport.
[bookmark: _Ref528575768][bookmark: _Toc528898596]MT EDT should support security and reliability for DL data transmission.

UE battery life 
One of the main purposes of early MT data transmission is to further improve UE battery life. Battery life improvements may be directly related to the reduction of signaling for an UE. It is worth considering also impact on battery life of other UEs, which are not intended for receiving DL data but may need to be involved in the MT EDT procedure resulting in negative impact on their battery life.
Resource efficiency
As much as the MT EDT solution targets the battery life of the UE, it must not come at a negative impact to the network resource efficiency. The MT EDT solution must not require a large amount of network resources and/or unnecessary signaling overhead across multiple network nodes.
Impact on core network
It is also important to consider the impact on core network and paging procedure to have a better view on the trade-off between the possible gains and required changes in different network nodes and procedures. It is desirable to have a MT EDT solution that requires reasonably small changes on relevant network nodes (e.g. eNB and MME) and it should not incur large overhead in paging procedure.
Other criteria
Furthermore, we think other criteria can be considered such as applicable use cases, e.g., whether it is applicable to stationary or mobile UEs. In addition, similar to MO EDT, it would be good to have a MT EDT solution that can be developed with both CP and UP CIoT EPS optimizations.
In the following section, we describe the four options in the RAN2 agreement and analyze them in terms of the criteria above. A brief comparison is summarized in Table 1.
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Option 1: MT data in paging message
In this option, the MME sends DL user data in the S1 paging request message in a NAS PDU to each of eNBs with cells belonging to the tracking area(s) in which the UE is registered. The eNB(s) then forward this NAS PDU to the UE in the paging message, e.g., in PagingRecord. In addition, the eNBs determine and indicate a PRACH resource for contention-free random access together with the UE identity, e.g., S-TMSI in the paging message to the UE. The UE that identifies itself (with ID in the paging) acknowledges the reception of paging message with DL data by the transmission of Msg1 using the reserved preamble.
This option may be the best regarding battery life of the intended UE. However, it can incur a large waste of resources due to unnecessary large paging load in all the cells belonging to the tracking area(s). Other UEs including those not intended to connect to the network may also need to decode the large paging. This is also not a secure nor reliable way of data delivery with only Msg1 being considered as ACK, i.e., unintended UEs may receive DL data and respond the network with Msg1. In addition, it largely impacts different network nodes and is probably only suitable for stationary UEs [6].

Option 2: MT data scheduled in paging message
As described in [5], this option improves option 1 by reduction of the unnecessarily large paging message. The network includes RNTI information in the paging record instead of the actual data payload. The RNTI is used to schedule DL transmission to the UE on (M)PDCCH. Only the UE with the provided RNTI monitors (M)PDCCH for the PDSCH containing a NAS PDU with DL user data.
This is less efficient for UE battery life compared to option 1. However, it shares similar drawbacks in terms of resource efficiency, security, and reliability as in option 1.

Option 3: MT data with Msg2
Instead of sending DL data before the random access, the UE is paged with a dedicated contention free preamble included in paging record and a UE identity, e.g., RNTI. The UE will send Msg1 using the preamble to one of eNBs in the TA(s). The eNB upon reception of the preamble retrieves the DL data from MME/SCEF/S-GW, i.e., using connection establishment or resumption. The eNB then sends the DL data with Msg2 in a PDSCH transmission using the provided UE identity (e.g., RNTI) to the UE. Although the PRACH preamble and UE identity would be reserved in all the eNBs that page the UE, only one eNB needs to get the DL data from MME/ SCEF/S-GW and send it to the intended UE [5].
This option may offer less efficient UE battery life than the two options above. It has similar impact on different network nodes compared to options 1 and 2. However, it is better than the previous options 1 and 2 in terms of resource efficiency due to not wasting resources by transmitting the DL payload in other cells than where the UE is located. It, however, remains open how to develop CP and UP solutions in this case. Examples of signaling flows for the CP and UP solutions are provided in e.g., [6]. In terms of security and reliability, it may be that the UE is required to transmit a security protected response to the network either before or after the DL data transmission [8].

Option 3: MT data in Msg4
This is a straightforward way of developing MT EDT solutions. This is based on the MO EDT framework with possible enhancements for further optimization. This could inherit the security, reliability and resource efficiency characteristics from Rel-15 MO CP- and UP-EDT solutions with minimal changes required and thus minimal impact on network nodes. Details about the enhancements for UP and CP solutions are presented in e.g., [4].
2.1	Evaluation of MT EDT options
It is then possible to compare the options based on criteria discussed above for the purposes of narrowing down the scope of the MT EDT work.
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	Criteria
	Option 1: Paging message
	Option 2: Scheduling in Paging  
	Option 3: Msg2
	Option 4: Msg4

	Security
	NAS protection
	NAS protection
	To be decided depending on exact UP or CP solution
	As good as in Rel-15 MO EDT

	Reliability (ACK/NACK)
	Not reliable with Msg1 as ACK
	Similar to option 1
	To be decided, fake UE with the reserved preamble can receive DL data
	Similar to MO EDT

	UE battery life
	Best [6]
	Second
	Third
	Comparable with MO EDT

	Resource efficiency
	Large resource wastes with paging overhead, preamble reservation in all cells of TA(s), unintended UEs also decode large paging message
	Large resource wastes with paging overhead, preamble reservation in all cells of TA(s).
	No waste of resources in paging
	Minimal waste of resources

	Impact on core network
	Large changes in nodes (MME, eNB)
	More impact than option 1, how eNB converts NAS PDU to a PDSCH transmission?
	Similar impact to option 1, 2 (on different nodes) [6]
	Minimal impact compared to options 1-3

	Applicable to both CP and UP?
	CP since data in DL NAS PDU in paging [5], unclear how this can be done for UP
	It seems a CP solution, unclear how this can be done for UP
	Both CP and UP
	Both CP and UP

	Suitable use case
	Stationary UEs [6]
	Stationary UEs
	Both mobile and stationary UEs
	Both mobile and stationary UEs


 
Given the evaluation above, in our view, similar to the MO EDT, the scope of MT EDT should be transmission of DL data in Msg4, i.e., DL data in paging and DL data in/with Msg2 should not be considered.
[bookmark: _Toc525888985][bookmark: _Toc528898597]For MT EDT, DL data are transmitted in in Msg4 for both UP and CP CIoT Optimizations. DL data transmission before Msg4 is excluded.
Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 should discuss MT EDT options considering at least battery life, resource efficiency, security, reliability, impact on core network aspects.
Proposal 2	MT EDT should support security and reliability for DL data transmission.
Proposal 3	For MT EDT, DL data are transmitted in in Msg4 for both UP and CP CIoT Optimizations. DL data transmission before Msg4 is excluded.
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