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

At the last RAN2#104 meeting, several MT-EDT options were proposed and the use cases/criteria to choose MT-EDT options were agreed in [3]:

	· 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.


At last RAN3#103, discussions started as well presenting several solutions.
In this document we further analyse the mapping of the solutions for different use-cases relevant for downlink EDT and show that different solutions are needed to match these different use-cases.
2 Downlink small data transmission use cases
The scenarios for small data transmission towards idle mode UE in downlink can be divided into the 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. 
· 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).

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

	Downlink transmission type
	Mobility Profile
	Example Scenario 

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

	Network command with Small uplink data application acknowledgement.
	Mobility
	Smart Bicycle Activation 

	
	Stationary
	Switching ON/OFF specific IoT device with activation response from device.

	Network command triggering single application packet as response
	Stationary
	Fetching of status from sensor from IoT server

	Network command with larger application payload as response


	Mobility
	Fetching Location Report including history from Smart bicycle

	
	Stationary
	Fetching Multiple usage report from energy meters


Proposal 1: RAN3 to discuss and acknowledge the applicable scenarios for MT-EDT which forms the basis for analyzing the different solutions.
3 Mapping of proposed solutions to EDT use cases
As per recent RAN2 discussions the following solution options are still being analysed.
Option 1 MT EDT as part of Paging (Before Msg1) 

Based on last RAN2 meeting which excluded options 1A and 1B, the following options remain:

· 1C : In this option, RRC Paging message includes the downlink grant for small data transmission instead of RNTI allocation.

· 1D : In this option UE is assigned with different RNTI to be monitored in the PO. Whenever downlink small data needs to be sent for UE on the PO, the ENB sends the DCI with this new RNTI. 

  Option 2 : MT EDT after Msg1 
· In this option, the downlink transmission towards UE is scheduled on reception of the dedicated preamble as Acknowledgment from UE.
  Option 3 : MT EDT in Msg4

· 3A : In this option, the UE sends MO-EDT in response to the RRC Paging and the downlink EDT is sent in Msg4.
· 3B : In this option, UE uses NPUSCH for sending response to paging and also Msg3 without RACH Preamble. Applicable for stationary UE.
In the below table we provide the mapping of these solutions to the downlink EDT scenarios listed in section 2.
	Downlink EDT Scenario
	Mobility type
	Solution Option

	Network command without Application level Acknowledgment
	Mobile Devices
	Option 1.
Option 2 is also applicable for this scenario where the downlink transmission is initiated only after confirming the response from the UE.

	
	Stationary Devices
	Option 1.
Option 2 is also applicable for this scenario where the downlink transmission is initiated only after confirming the response from the UE.

	Network command with Application Ack
	Mobile
	Option 3A. The signaling procedure requires further enhancements for sending application-ack from UE without RRC connection establishment.

	
	Stationary 
	Option 3B. The signaling procedure requires further enhancements for sending the application-ack from UE without RRC connection establishment.

	Network command to Fetch larger payload
	Mobile
	Existing Signaling procedure for paging followed by RRC connection setup can be used as more downlink packet needs to be scheduled towards the UE.

	
	Stationary
	Paging message followed by use of PUR resources can be considered as mechanism for this scenario.


Besides, for the MT EDT scenarios where the application acknowledgement is not required but the secured delivery of the payload is needed, the downlink small data needs to be delivered only when the UE confirms its presence to CN via secured message. Existing paging procedures ensures this security aspect and the downlink data is only delivered to the UE which has sent NAS paging response secured based on NAS security keys. Option 1 solutions needs further security work to avoid that fake UE can send the preamble on behalf of the actual UE and blocks the reception of the command to the devices.

On the other hand, options 1 and 2 provide much more gain that RAN2 need to further analyse according to the energy consumption analysis included in [4]. The energy consumption metric calculated considering the consumption for Active reception for single subframe as 1 unit is given below.

	MT-EDT Options
	Energy Consumption Metric

	MT-EDT-Paging -Option C (option 1C)
	28

	MT-EDT-Paging-Option D (Option 1D)
	28

	MT-EDT-Paging-Msg2 (Option 2)
	85

	MT-EDT-Paging-Msg4 (Option 3)
	121


Based on the above mapping of downlink EDT scenario against different solutions it is obvious that for downlink early data transmission more than one solution needs to be specified depending on the device type and also the purpose of the downlink small data transmission.
Proposal 2: More than one solution is required to address all possible scenarios related to Downlink EDT. 

Proposal 3: Solutions 1 or 2 are beneficial for downlink EDT scenario without application level acknowledgement. Solution 3 is beneficial to address the scenario related to network command with application level acknowledgement/ small status-report in response to the network command. RAN2 should decide which solutions to continue in coordination with SA3 for security aspects.
4 Summary
In this discussion paper we have reviewed the various MT-EDT solutions and their mapping to the relevant use-cases and made following conclusions: 
Proposal 1: RAN3 to discuss and acknowledge the applicable scenarios for MT-EDT which forms the basis for analyzing of the different solutions.
Proposal 2: More than one solution is required to address all possible scenarios related to Downlink EDT.

Proposal 3: Solutions 1 or 2 are beneficial for downlink EDT scenario without application level acknowledgement. Solution 3 is beneficial to address the scenario related to network command with application level acknowledgement/ small status-report in response to the network command. RAN2 should decide which solutions to continue in coordination with SA3 for security aspects.
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