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1 Introduction
New WI for further enhancements to NB-IoT [1] was approved in RAN#80. One of the objective of the WI is to support early data transmission in downlink for connectionless small data transmission in downlink.

As per the discussion related to this objective in RAN1-103bis, many company thinks that the possible scenarios for downlink EDT should be identified and the relevance and impact to handle these scenarios need to be analyzed. Based on the analysis, the use cases to be supported for downlink small data transmission in idle mode are agreed. In addition to the applicable use-cases, the evaluation criteria for comparing the candidate also needs to be concluded.

In this document, we discuss the possible scenarios applicable for downlink small data transmission (MT-EDT) to UE in idle mode. We also propose the evaluation criterias for comparison of candidate solutions. 
2 Downlink small data transmission scenarios
The scenarios for small data transmission towards idle mode UE in downlink can be divided into following categories. 
· The IoT application server sending network command which contains the information to execute some specific actions without Application level Ack for the command.
· Both Acknowledgement from NAS level and AS level are possible for this scenario.
· The network command is sent to get the status from the IoT device or requires Acknowledgement at Application level (eg CoAP message as response). 
· In this scenario, the downlink small data transmission is also associated with uplink small data transmission.

· It is possible that the network command requires Application level Ack followed by status report after specific time from the UE.

· The network command is meant to trigger specific long report from the device for detailed analysis.

· Common network command to multiple devices to be sent from application server where no response is expected from the devices immediately to avoid uplink congestion from all the devices. 

All the above cases are possible towards stationary device and non-stationary device (ie tracking devices).

Following table provides mapping of some exemplary scenarios to the above classification. 

	Downlink transmission type
	Mobility Profile
	Scenario 

	Network command with Small uplink data acknowledgment.
	Mobility
	Smart Bicycle Activation 

	Network command triggering transmission of report in uplink
	Stationary
	Fetching of status from sensor from IoT server

	Network command with radio layer acknowledgement /Network command with Ack at NAS level.
	Stationary
	Switching ON/OFF specific IoT device.

	Network command without activation 
	Stationary
	Common Activation command (street light switch ON)

	Network command with larger application payload
	Mobility
	Fetching Location Report including history from Smart bicycle

	Network command with larger application payload
	Mobility
	Fetching Multiple usage report from energy meters


3 Impact Analysis for different Downlink EDT types

For different category of network commands, some system level aspects and core network impacts needs to be considered in addition to the required solution development within RAN2 for the relevant scenarios.

· Network command delivery without any Acknowledgement :  

As per existing specifications, the paging message sent towards UE requires explicit paging response from the UE via secured NAS signaling to consider the paging procedure as successful. This is applicable for any downlink data delivery indication from SGW for initiating the MT data transmissions. For these commands, MME should support sending these commands only to the last connected cell and consider that the command is delivered based on ENB indicating the scheduling of the paging message.
To support the downlink EDT for this type of network commands, the impacts to CN and CN-RAN interface needs to be studied in addition to RAN2 impacts. 

· Network command delivery with NAS/AS level Acknowledgement:  

For these scenarios, instead of NAS paging response message from UE, Acknowledgement from UE at radio layer level should be considered as successful delivery of the payload. The security associated with the acknowledgment delivery from UE requires further investigation for this scenario.

· Network command delivery with Application level Ack 

This scenario can be handled with combination of DL EDT along with UL EDT procedure at RAN2 without any additional impact to core network and security aspects. The uplink Msg3 will include NAS paging-response along with additional payload for application ack and this can be delivered as UL EDT transmission.

· Network command to fetch larger uplink report from UE 
This scenario is similar to network initiated paging followed by both uplink and downlink transmission in connected mode. MT EDT functionality is not required for this scenario.
Additional impacts based on mobility profile
If the above variants of network command to be supported in different way based on the mobility profile of the device, additional analysis will be required to identify the mobility profile (ie subscription based, based on mobility detection at RAN).
4 Analysis of Downlink EDT options
The system level impacts and CN changes required for different network command option are compared in this section.

	Downlink EDT option
	Impact Analysis

	Network command without Any delivery Acknowledgement
	New Procedure needs to be defined between MME and RAN for sending paging with payload. CN should also indicate that paging-response is not expected for these paging messages. There may be changes required interfaces between MME and SGW.
Moreover group paging use cases needs to be treated via separate feature in our view instead of including this functionality as part of downlink EDT feature.
Summary :  MME,SGW. Subscription profile impacted. Requires further discussion with SA2/SA3 for system architecture impacts.

	Network command with RAN Acknowledgement
	The security associated with the RAN level Acknowledgment delivery needs to be further analysed. For example, whether use of dedicated preamble can be considered as Acknowledgement without impacting the overall security aspect associated with use case to be checked.

Summary : Security aspects of the candidate solution needs to be evaluated with SA3.

	Network command with Application level Ack
	This scenario can be handled with combination of DL EDT along with UL EDT as part of paging procedure. In case of UE/ENB supports Preconfigured uplink transmissions, PUR also can be used in these scenarios if the application ack can be sent over PUR.

	Network command for triggering uplink EDT
	This scenario also can be handled with combination of DL EDT along with UL EDT as part of paging procedure. Use of PUR for the uplink transmission instead of EDT also can be considered.


Observation 1: For downlink EDT scenarios related to transmission of network command without acknowledgement from device and also the cases which only require RAN level acknowledgement requires further liasoning with SA2 and SA3 to understand additional impacts on network elements outside RAN.
Observation 2: The downlink small data transmission scenarios which requires application ack or secured NAS level Ack does not have major impacts on other network elements.

Observation 3: Use cases related to Group command or Group paging needs to be considered as separate feature instead of addressing these cases via downlink EDT functionality. 

Proposal 1: RAN2 Agree on downlink small data transmission scenarios to be supported in Rel-16.

In addition to the above options for downlink EDT which are triggered based on network command towards IoT devices, another applicable scenario for downlink EDT is the application level acknowledgement from network for uplink small data transmission via EDT or PUR transmissions where the UE does not enter into idle mode. Forcing the UE to connected mode for receiving application level ack which may be scheduled after certain delay will increase the energy consumption at UE due to connected mode overheads. In these cases, possibility of receiving the application acknowledgement towards these UE in idle mode via paging in DRX configuration should be investigated. Moreover validity of timing advance at UE for these cases will be beneficial to further improve the downlink EDT signaling procedure as RACH access can be avoided in these scenarios.

Observation 4: Sending of Application level Ack from network for the uplink small data transmission completed using EDT or PUR procedure can use downlink EDT signaling procedure with additional enhancements.

Proposal 2:  Application Ack transmission from network for uplink small data transmission sent using signaling procedure without UE entering into connected mode should also be considered as applicable scenario for downlink EDT.
5 Evaluation criterias for analysis of Downlink EDT solutions
The main objective of early data transmission schemes is to reduce the overall energy consumption overhead associated with the procedure. So the first criteria for evaluation of different options should be the energy consumption efficiency. The next criteria should be overall resource overhead associated with the scheme as the network resources are limited for narrowband systems, this should be considered as another criteria for analyzing the EDT options. We have defined energy consumption efficiency and resource usage efficiency in [2] which can be used for such comparision. Signaling overhead is already considered as part of above factors, so need to be considered as additional criteria as the latency associated with the small data transmission is not main KPI for low complexity CIoT system.
Security of the CIoT data transmission is one important factor to be considered in evaluating the procedures if the candidate solution modifies the basic security of the data transmission associated mainly in terms of delivering the packet in secured manner to the authentic UE and also confirmation of receipt of the packet from valid UE. If candidate solution modifies the security aspects of the small data transmission, the impact needs to be evaluated along with co-ordination with other groups (ie SA 3).

Proposal 3 : Energy consumption efficiency and resource overhead associated the EDT procedure should be considered as main evaluation criterias for the solution which does not modify the security aspects of the overall procedure.
Proposal 4 : For candidate solutions that impacts the security aspects of the early data transmission, the security impact should be analysed with SA3 before considering these options further.
6 Summary
We analyse the possible use cases for downlink small data transmission towards UE which should be considered as basis for developing solution for downlink early data transmission. We also analyse the evaluation criterias to be considered for analyzing the candidate solutions.
Observation 1: For downlink EDT scenarios related to transmission of network command without acknowledgement from device and also the cases which only require RAN level acknowledgement requires further liasoning with SA2 and SA3 to understand additional impacts on network elements outside RAN.

Observation 2: The downlink small data transmission scenarios which requires application ack or secured NAS level Ack does not have major impacts on other network elements.

Observation 3: Use cases related to Group command or Group paging needs to be considered as separate feature instead of addressing these cases via downlink EDT functionality. 

Observation 4: Sending of Application level Ack from network for the uplink small data transmission completed using EDT or PUR procedure can use downlink EDT signaling procedure with additional enhancements.
Proposal 1: RAN2 Agree on downlink small data transmission scenarios to be supported in Rel-16

Proposal 2:  Application Ack transmission from network for uplink small data transmission sent using signaling procedure without UE entering into connected mode should also be considered as applicable scenario for downlink EDT.

Proposal 3: Energy consumption efficiency and resource overhead associated the EDT procedure should be considered as main evaluation criterias for the solution which does not modify the security aspects of the overall procedure.
Proposal 4 : For candidate solutions that impacts the security aspects of downlink early data transmission, the security impact should be analysed with SA3 before considering these options further.
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