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1 Introduction
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.

In the last RAN2#104 meeting, several MT-EDT options were proposed and the use cases/criteria to choose MT-EDT options were agreed [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.


Following are the agreements from RAN2#105

· DL data in paging message is excluded (Opt A).

· RNTI in paging message to schedule the DL data is excluded (Opt B).

· Working assumption: DL data scheduled, i.e. DL grant, in paging message is excluded (Opt C).

· Working assumption: DL data scheduled in paging occasion is excluded (Opt D).
2 Analysis of Paging based MT-EDT options
As per 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
	28

	MT-EDT-Paging-Option D
	28

	MT-EDT-Paging-Msg2
	85

	MT-EDT-Paging-Msg4
	121


Based on the above analysis, Paging based option C and option D shows better energy efficiency compared to other options. For the above metric for paging based options, the acknowledgement to the MT-EDT via PUSCH is considered. This also means that the above energy efficiency is applicable only if Paging based options are used towards stationary devices. For these options to work for devices without valid timing advance, the options need to be enhanced to include preamble related information and use of the preamble in uplink. When NPRACH Preamble is used in the uplink instead of NPUSCH-ACK/NACK the energy consumption also increases significantly.
Observation 1: The remaining paging based options are only suitable for stationary devices. The energy consumption increases significantly when the RACH Response to be considered as response to the MT-EDT in paging.
The security issues related to the possibility of fake UE sending PUSCH-ACK/NACK for the MT-EDT received in the paging message is not yet addressed for these options. These options can be considered only if the security related issues and feasibility of solutions are concluded in coordination with SA3.
Observation 2: The security related issues for paging based options requires further analysis with coordination with SA3.
In Paging based option C, the RRC Paging message is modified to include downlink grant and C-RNTI for the paging record of the UE for which MT-EDT is scheduled. In this case, for other UE receiving the RRC Paging message on the paging occasion, those UE needs to decode bigger size RRC paging message due to inclusion of few more parameters. The additional downlink reception due to above minor size increase is very less.
For paging based option D, the MT-EDT is scheduled directly using UE specific RNTI on paging occasion. When this option is used, it will not be possible to schedule the paging for other UE on the paging occasion as the NPDCCH with only one RNTI can be sent on paging occasion. Possible delay in reception of paging message for other UE is the impact for this option. Considering the nominal paging load scenario, the probability of scheduling more than one UE in paging occasion is not frequent scenario. Based on the above analysis the impact to other UE for this option is comparatively low against Option C.

Observation 3: The paging reception impact on other UE for the remaining paging based option is very less. Option D having lesser impact to other UE compared to Option C.

Based on the above analysis, the energy efficiency of the remaining paging based option is better only for stationary scenarios. The solution descriptions need to be updated to address the security related issues of these solutions. The security related issues and solutions should be analyzed in co-ordination with SA3.
Proposal 1: Security related issues needs to further be analyzed before considering the paging-based solutions for MT-EDT.

3 MT-EDT For UE configured with D-PUR
Rel-16 WI for NB-IoT/eMTC enhancements also includes objective to support small data transmission via preconfigured uplink resources in idle mode. This functionality is applicable for the devices in possession of valid timing advance (e.g. stationary devices or devices which can maintain valid timing advance). As per latest RAN2 agreements some minimum RRC signaling aspects related to D-PUR configuration were agreed. One of the RAN2 agreements indicates that single D-PUR configuration (one-shot) should also be supported.

For UE configured with D-PUR in idle mode the downlink small data transmission triggered via paging can be optimised with reduces signaling procedure. 

As the ENB maintains the UE context for D-PUR related resource configuration for idle mode UE, this context can also be utilized for optimised MT-EDT transmission. At high level the following signaling steps to be followed for secured MT-EDT transmission towards UE configured with D-PUR.
· When ENB receives the S1-Paging message with MT-EDT indication along with its D-PUR capability, ENB checks its UE context for the presence of the UE-ID. 

· If the UE have valid D-PUR context at ENB and if there is upcoming D-PUR occasion for this UE, the ENB can retrieve the MT-EDT payload from MME and sends the MT-EDT via paging using the paging option D.

· On receiving the MT-EDT paging message, UE can send the secured paging response message (msg3) via the next D-PUR opportunity.
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ENB can also configure one-shot D-PUR towards the UE having valid D-PUR context to receive the paging response via the one-shot D-PUR in case if the D-PUR occasion occurs after longer delay than the paging response timer value.
The estimated energy consumption metric for this option is better than Msg2 and Msg4 based options. The security of this option related to ensuring secured response from the valid UE is same as normal paging procedure.

Observation 4: Energy efficiency of paging-based option for MT-EDT towards UE configured with D-PUR is better than other options for MT-EDT with the security aspects like existing paging procedure.
Proposal 2: RAN2 should further consider MT-EDT transmission in paging for UE configured with D-PUR resources. 
4 Analysis of Msg2 based MT-EDT

Msg2 based MT-EDT option at high level consists of the following signaling steps.

· ENB receives the S1 Paging message with MT-EDT indication.

· ENB sends the RRC paging message containing the UE-ID along with dedicated preamble which should be used for Msg1 transmission.

· UE sends the dedicated preamble as Msg1 for sending the paging response.

· ENB sends modified Random-Access Response (RAR) which contains timing advance and DL grant along with the uplink grant for transmission of HARQ-Ack/NACK for the downlink transmission. This uplink grant is different from the uplink grant contained in the existing RAR message which is meant for transmission of Msg3.
The message sequence illustrating the above signaling steps is given in below Figure.
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Msg2 based MT-EDT option will require a larger number of preambles to be allocated for CFRA pool considering the maximum possible duration for which the dedicated preamble for given paging transmission needs to be maintained and the maximum possible MT-EDT transmission in the system. The resources can not be reconfigured for CBRA without modification of system information in case of no MT-EDT transmissions during specific period. Moreover, ENB needs to maintain the binding between the paging identifier and dedicated preamble for releasing the preamble in case if the UE fallback to legacy preamble transmissions.
Observation 5: Msg2 based MT-EDT option requires considerable increase in the CFRA NRPACH resources to ensure that enough number of CFRA preambles are available for the reservation during paging.
The security risk associated with fake UE sending paging response is associated with the NPUSCH transmission for sending HARQ-ACK. Because the contents of RAR message including the uplink grant for NPUSCH resources are sent without any security mechanism. Further analysis for secured solution to this step of Msg2-basd EDT option is required in co-ordination with SA3.
Proposal 3: The security aspects of Msg2 based MT EDT should be analysed with SA3 for suitable solution.
The resource efficiency issues associated with dedicated preamble allocation in paging message for Msg2 based MT EDT can be mitigated if single preamble is reserved for all the Msg2 based MT-EDT transmissions with the following changes in the signaling steps explained above.

· When ENB sends dedicated preamble for UE-ID in the RRC Paging message, ENB also allocates additional index for NPUSCH transmission to be used when the UE receives RAR.
· When the ENB sends the modified RAR on reception of the dedicated preamble, the RAR includes first uplink-grant and timing advance followed by downlink grant and its associated NPUSCH resource for HARQ-ACK.

· The first uplink grant indicates NPUSCH resource location without specific subcarrier indication. The UE can derive the subcarrier to be used for single tone NPUSCH transmission in the first uplink grant based on the index given in the paging message.

· ENB further selects the downlink transmission on the uplink grant based on the NPUSCH detected in the first uplink grant.

With the above mechanism it is possible to assign single dedicated preamble across multiple UE in contention free manner. 

Proposal 4: For Msg2 based MT-EDT use of common preamble from CFRA for multiple UE can be considered for improved RACH Resource efficiency.
In case of MT-EDT scenarios where the UE may need to send report in response to the MT-EDT, the MT-EDT solution described above can be enhanced further with some minor changes in the signaling procedure. MME can indicate that MO-EDT is required as response from UE in the S1-Paging message which can also be included in the RRC paging message. In this case, the RAR from ENB will include uplink grant associated with the TBS size associated with the expected uplink data. The message sequence can further complete with Msg4 from ENB completing the MO-EDT.
Proposal 5: Signaling procedure for Msg2 based MT-EDT option should support MO-EDT as paging response. 

5 Summary

We analyse the different solutions for MT-EDT in this discussion paper and make following observations and proposals.

Observation 1: The remaining paging based options are only suitable for stationary devices. The energy consumption increases significantly when the RACH Response to be considered as response to the MT-EDT in paging.
Observation 2: The security related issues for paging based options requires further analysis with coordination with SA3.

Observation 3: The paging reception impact on other UE for the remaining paging based option is very less. Option D having lesser impact to other UE compared to Option C.

Observation 4: Energy efficiency of paging-based option for MT-EDT towards UE configured with D-PUR is better than other options for MT-EDT with the security aspects similar to existing paging procedure.

Observation 5: Msg2 based MT-EDT option requires considerable increase in the CFRA NRPACH resources to ensure that enough number of CFRA preambles are available for the reservation during paging.
Proposal 1: Security related issues needs to further be analyzed before considering the paging-based solutions for MT-EDT.

Proposal 2: RAN2 further consider MT-EDT transmission in paging for UE configured with D-PUR resources. 
Proposal 3: The security aspects of Msg2 based MT EDT should be analysed with SA3 for suitable solution.
Proposal 4: For Msg2 based MT-EDT use of common preamble from CFRA for multiple UE can be considered for improved RACH Resource efficiency.

Proposal 5: Signaling procedure for Msg2 based MT-EDT option should support MO-EDT as paging response. 
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