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[bookmark: _Ref498618651]Introduction and background
[bookmark: _Ref421460494][bookmark: _GoBack]At RAN#75, it was agreed to start the Release 15 work items on Even further enhanced MTC for LTE and Further NB-IoT enhancements. One of the common objectives for both eMTC and NB-IoT in REL-15 is “Support early data transmission” [1][7]. During RAN2#99bis, a significant progress has been made, and some agreements closely related to the CP solution are listed below:
	Agreements:
· Msg4 decides whether the UE goes to RRC connected mode or RRC idle mode. The content of Msg4 for EDT is FFS.
· The intention to use EDT is data, i.e. not for NAS signaling.
· For CP during the UL EDT procedure, if the UE receives a grant in which does not fit the data, the UE does not send the data in Msg3. For UP solution it is FFS if the EDT grant can be used for UL data if the grant is smaller than the UL data size.
· For CP solution, NAS PDU for data is encapsulated in the RRC message sent in Msg3 and transmitted as CCCH SDU.
· For CP solution, NAS PDU data in the DL can be optionally encapsulated in the RRC message sent in Msg4 and transmitted as CCCH SDU



RAN2 further progresses with three recent email discussions on EDT indication via PRACH[1], RRC messages [2], and AS/NAS interaction [3]. In this contribution, we identify and discuss the remaining issues for support of early data transmission in Msg3 and Msg4 in control plane CIoT EPS optimisation (hereafter referred to as CP EDT solution or early data over NAS or in short eDoNAS). The concepts discussed in this contribution paper are considered in our evaluation for EDT, presented in [5]. Discussions in this work are applicable for both eMTC and NB-IoT.
Early data transmission in Msg3
RRC message
In RRC layer, we do not see benefit of introducing a new RRC message. Instead, RRCConnectionRequest message can be extended to include dedicatedInfoNAS as an optional IE.

[bookmark: _Toc498527518][bookmark: _Toc498531495][bookmark: _Toc498531703][bookmark: _Toc498537980][bookmark: _Toc498538008][bookmark: _Toc498592573][bookmark: _Toc498592600][bookmark: _Toc498593190][bookmark: _Toc498593294][bookmark: _Toc498593459][bookmark: _Toc498593521][bookmark: _Toc498593549][bookmark: _Toc498593675][bookmark: _Toc498593851][bookmark: _Toc498594024][bookmark: _Toc498594046][bookmark: _Toc498595015][bookmark: _Toc498609196][bookmark: _Toc498609223][bookmark: _Toc498618135][bookmark: _Toc498618620][bookmark: _Toc498638592][bookmark: _Toc498638676][bookmark: _Toc498644606][bookmark: _Toc498652181][bookmark: _Toc498661953]Extend the RRCConnectionRequest message with an optional dedicatedInfoNAS IE for EDT in Msg3.
In NAS layer, RAN2 can assume that the CONTROL PLANE SERVICE REQUEST message can be used as the NAS message containing UL user data to be piggybacked to the RRCConnectionRequest in Msg3. Note that this NAS message was introduced to contain UL data to be piggybacked to the RRCConnectionSetupComplete (i.e., in Msg5) in Rel-13 CP CIoT EPS optimization solution.
Building Msg3 
Since Msg3 with the UL NAS-PDU is sent on CCCH logical channel, there is no segmentation support. The recently agreed maximum possible TBS for Msg3 broadcast in system information may help the UE to decide not to use EDT in Msg3, but it cannot ensure that the provided UL grant is sufficient for Msg3. In this case, if there is a single UL grant provided in Msg2, the UE only sends a legacy Msg3 using a large UL grant due to no segmentation support, resulting in a waste of unused UL resources (unnecessary padding).

[bookmark: _Toc497684184][bookmark: _Toc497684218][bookmark: _Toc497685408][bookmark: _Toc497686792][bookmark: _Toc497687698][bookmark: _Toc497688957][bookmark: _Toc497689766][bookmark: _Toc497689803][bookmark: _Toc497743791][bookmark: _Toc497743822][bookmark: _Toc497743846][bookmark: _Toc497743901][bookmark: _Toc497744534][bookmark: _Toc498527515][bookmark: _Toc498531492][bookmark: _Toc498531700][bookmark: _Toc498537974][bookmark: _Toc498538002][bookmark: _Toc498592567][bookmark: _Toc498592594][bookmark: _Toc498593184][bookmark: _Toc498593315][bookmark: _Toc498593453][bookmark: _Toc498593696][bookmark: _Toc498595009][bookmark: _Toc498609190][bookmark: _Toc498609217][bookmark: _Toc498618129][bookmark: _Toc498618614][bookmark: _Toc498638586][bookmark: _Toc498638670][bookmark: _Toc498644623][bookmark: _Toc498652177][bookmark: _Toc498661967]If a single grant is provided in Msg2, there is a waste of UL resources when there is insufficient UL grant for Msg3.
[bookmark: _Hlk497682211]Currently the RRCConnectionRequest is built before the RA procedure starts, i.e., also before the UE knows the UL grant for Msg3, which is provided in Msg2. However, in CP solution, the content of RRCConnectionSetup is dependent on the actual UL grant for Msg3. It is therefore proposed that the RRC layer should include the dedicatedInfoNAS in the RRCConnectionRequest only if the TBS for Msg3 indicated by lower layers is sufficient for Msg3 PDU. One of possible ways is the MAC indicates the TBS for Msg3 to upper layers and then in case the TBS is smaller than required for including dedicatedInfoNAS IE, the RRC replaces the RRCConnectionRequest PDU with a legacy/small RRCConnectionRequest (i.e., without dedicatedInfoNAS). 

[bookmark: _Toc498527519][bookmark: _Toc498531496][bookmark: _Toc498531704][bookmark: _Toc498537981][bookmark: _Toc498538009][bookmark: _Toc498592574][bookmark: _Toc498592601][bookmark: _Toc498593191][bookmark: _Toc498593295][bookmark: _Toc498593460][bookmark: _Toc498593522][bookmark: _Toc498593550][bookmark: _Toc498593676][bookmark: _Toc498593852][bookmark: _Toc498594025][bookmark: _Toc498594047][bookmark: _Toc498595016][bookmark: _Toc498527520][bookmark: _Toc498531497][bookmark: _Toc498531705][bookmark: _Toc498537982][bookmark: _Toc498538010][bookmark: _Toc498592575][bookmark: _Toc498592602][bookmark: _Toc498593192][bookmark: _Toc498593296][bookmark: _Toc498593461][bookmark: _Toc498593523][bookmark: _Toc498593551][bookmark: _Toc498593677][bookmark: _Toc498593853][bookmark: _Toc498594026][bookmark: _Toc498594048][bookmark: _Toc498595017][bookmark: _Toc498644607][bookmark: _Toc498652182][bookmark: _Toc498661954]The dedicatedInfoNAS IE is included in the RRCConnectionRequest if the TBS permits and omitted otherwise.
[bookmark: _Ref498530821]Content of Msg3
Figure 1 shows an example of Msg3 content with details about IEs and information both at NAS and RRC layers. Note that, the CONTROL PLANE SERVICE REQUEST message includes the ESM DATA TRANSPORT message in its ESM message container IE in which the actual user data is contained. In addition, the optional Release assistance indication (RAI) IE can be used for the UE to indicate to the MME that no more UL and DL transmission is expected. This helps the eNB in the decision to allow the UE to go back to idle mode after Msg4 to reduce UE power consumption.

[bookmark: _Toc497686798][bookmark: _Toc497687704][bookmark: _Toc497688963][bookmark: _Toc497689772][bookmark: _Toc497689809][bookmark: _Toc497743797][bookmark: _Toc497743828][bookmark: _Toc497743852][bookmark: _Toc497743907][bookmark: _Toc497744540][bookmark: _Toc498092219][bookmark: _Toc498095741][bookmark: _Toc498096056][bookmark: _Toc498096121][bookmark: _Toc498096183][bookmark: _Toc498096859][bookmark: _Toc498096977][bookmark: _Toc498097238][bookmark: _Toc498351206][bookmark: _Toc498352241][bookmark: _Toc498527522][bookmark: _Toc498531499][bookmark: _Toc498531707][bookmark: _Toc498537984][bookmark: _Toc498538012][bookmark: _Toc498592577][bookmark: _Toc498592604][bookmark: _Toc498593194][bookmark: _Toc498593298][bookmark: _Toc498593463][bookmark: _Toc498593525][bookmark: _Toc498593553][bookmark: _Toc498593679][bookmark: _Toc498593855][bookmark: _Toc498594028][bookmark: _Toc498594050][bookmark: _Toc498595019][bookmark: _Toc498609198][bookmark: _Toc498609225][bookmark: _Toc498618137][bookmark: _Toc498618622][bookmark: _Toc498638594][bookmark: _Toc498638678][bookmark: _Toc498644608][bookmark: _Toc498652183][bookmark: _Toc498661955]Support the use of NAS RAI in Msg3 to indicate its intention to return idle after receiving Msg4.
[bookmark: _Ref498621279]Early data transmission in Msg4
[bookmark: _Ref498533339]RRC message
We assume the ESM DATA TRANSPORT message can be used as a NAS message containing DL user data in Msg4, in a similar way as in Rel-13 CP solution.
In RRC layer, there are two cases for the UE reception of Msg4: The UE can be indicated to go back to idle mode or to continue with connection setup. In our view, it should be possible to have early DL data in Msg4 in case the connection setup continues, irrespective of if there were early data in Msg3 or not.

[bookmark: _Toc498531500][bookmark: _Toc498531708][bookmark: _Toc498537985][bookmark: _Toc498538013][bookmark: _Toc498592578][bookmark: _Toc498592605][bookmark: _Toc498593195][bookmark: _Toc498593299][bookmark: _Toc498593464][bookmark: _Toc498593526][bookmark: _Toc498593554][bookmark: _Toc498593680][bookmark: _Toc498593856][bookmark: _Toc498594029][bookmark: _Toc498594051][bookmark: _Toc498595020][bookmark: _Toc498609199][bookmark: _Toc498609226][bookmark: _Toc498618138][bookmark: _Toc498618623][bookmark: _Toc498638595][bookmark: _Toc498638679][bookmark: _Toc498644609][bookmark: _Toc498652184][bookmark: _Toc498661956]DL data in Msg4 is possible in case UE is indicated to enter RRC_CONNECTED mode.
In case the UE is indicated to continue connection setup, the RRCConnectionSetup message can be used with an extension to include the dedicatedInfoNAS as an optional IE.

[bookmark: _Toc498531501][bookmark: _Toc498531709][bookmark: _Toc498537986][bookmark: _Toc498538014][bookmark: _Toc498592579][bookmark: _Toc498592606][bookmark: _Toc498593196][bookmark: _Toc498593300][bookmark: _Toc498593465][bookmark: _Toc498593527][bookmark: _Toc498593555][bookmark: _Toc498593681][bookmark: _Toc498593857][bookmark: _Toc498594030][bookmark: _Toc498594052][bookmark: _Toc498595021][bookmark: _Toc498531502][bookmark: _Toc498531710][bookmark: _Toc498537987][bookmark: _Toc498538015][bookmark: _Toc498592580][bookmark: _Toc498592607][bookmark: _Toc498593197][bookmark: _Toc498593301][bookmark: _Toc498593466][bookmark: _Toc498593528][bookmark: _Toc498593556][bookmark: _Toc498593682][bookmark: _Toc498593858][bookmark: _Toc498594031][bookmark: _Toc498594053][bookmark: _Toc498595022][bookmark: _Toc498609200][bookmark: _Toc498609227][bookmark: _Toc498618139][bookmark: _Toc498618624][bookmark: _Toc498638596][bookmark: _Toc498638680][bookmark: _Toc498644610][bookmark: _Toc498652185][bookmark: _Toc498661957]Extend RRCConnectionSetup message with an optional dedicatedInfoNAS IE for DL EDT in case UE is indicated to enter RRC_CONNECTED mode.

In case UE is indicated to return idle, however, we do not see benefits in reusing existing messages. For example, the RRCConnectionRelease is sent over SRB1, which is not available at the transmission of Msg4, and thus is not suitable. Furthermore, the RRCConnectionSetup has the mandatory RadioResourceConfigDedidate IE, which requires unnecessary optionality bits in this case. Thus, it would be beneficial to define a new RRC message that includes dedicatedInfoNAS as an optional IE. The parameters to be included can be the ones currently in RRCConnectionRelease.

[bookmark: _Toc498531503][bookmark: _Toc498531711][bookmark: _Toc498537988][bookmark: _Toc498538016][bookmark: _Toc498592581][bookmark: _Toc498592608][bookmark: _Toc498593198][bookmark: _Toc498593302][bookmark: _Toc498593467][bookmark: _Toc498593529][bookmark: _Toc498593557][bookmark: _Toc498593683][bookmark: _Toc498593859][bookmark: _Toc498594032][bookmark: _Toc498594054][bookmark: _Toc498595023][bookmark: _Toc498609201][bookmark: _Toc498609228][bookmark: _Toc498618140][bookmark: _Toc498618625][bookmark: _Toc498638597][bookmark: _Toc498638681][bookmark: _Toc498644611][bookmark: _Toc498652186][bookmark: _Toc498661958]Define a new RRC message carrying DL NAS-PDU for the case UE is indicated to return Idle upon receipt of Msg4.

However, defining a new DL RRC message on CCCH requires an extension of the message class DL-CCCH-Message (TS36.331, section 6.2.1) since the message class has no spare bit.

[bookmark: _Toc498531504][bookmark: _Toc498531712][bookmark: _Toc498537989][bookmark: _Toc498538017][bookmark: _Toc498592582][bookmark: _Toc498592609][bookmark: _Toc498593199][bookmark: _Toc498593303][bookmark: _Toc498593468][bookmark: _Toc498593530][bookmark: _Toc498593558][bookmark: _Toc498593684][bookmark: _Toc498593860][bookmark: _Toc498594033][bookmark: _Toc498594055][bookmark: _Toc498595024][bookmark: _Toc498609202][bookmark: _Toc498609229][bookmark: _Toc498618141][bookmark: _Toc498618626][bookmark: _Toc498638598][bookmark: _Toc498638682][bookmark: _Toc498644612][bookmark: _Toc498652187][bookmark: _Toc498661959]Extend the DL-CCCH-Message class to accommodate the new RRC message for EDT in Msg4.

Details about content of Msg4 including all IEs and size information both at NAS and RRC layers are provide in Figure 2 in Appendix. In addition, Figure 3 shows an example of call flow for eDoNAS in a MO call.
MT case 
EDT should also be considered for the mobile-terminated scenario, in which the network pages a UE for data transmission in the DL. First, to facilitate EDT-related operations in general and in the MT case, UE capability should include also the EDT capability so that the MME would be able to know the capability of a UE based on its S-TMSI.

[bookmark: _Toc497687707][bookmark: _Toc497688966][bookmark: _Toc497689775][bookmark: _Toc497689812][bookmark: _Toc497743800][bookmark: _Toc497743831][bookmark: _Toc497743855][bookmark: _Toc497743910][bookmark: _Toc497744543][bookmark: _Toc498092225][bookmark: _Toc498095747][bookmark: _Toc498096062][bookmark: _Toc498096127][bookmark: _Toc498096189][bookmark: _Toc498096865][bookmark: _Toc498096983][bookmark: _Toc498097244][bookmark: _Toc498351212][bookmark: _Toc498352247][bookmark: _Toc498527527][bookmark: _Toc498531505][bookmark: _Toc498531713][bookmark: _Toc498537990][bookmark: _Toc498538018][bookmark: _Toc498592583][bookmark: _Toc498592610][bookmark: _Toc498593200][bookmark: _Toc498593304][bookmark: _Toc498593469][bookmark: _Toc498593531][bookmark: _Toc498593559][bookmark: _Toc498593685][bookmark: _Toc498593861][bookmark: _Toc498594034][bookmark: _Toc498594056][bookmark: _Toc498595025][bookmark: _Toc498609203][bookmark: _Toc498609230][bookmark: _Toc498618142][bookmark: _Toc498618627][bookmark: _Toc498638599][bookmark: _Toc498638683][bookmark: _Toc498644613][bookmark: _Toc498652188][bookmark: _Toc498661960]Extend UE capability to include EDT capability to facilitate EDT-related operations.

In case a EDT capable UE decides not to transmit UL data in Msg3, for example, due to no UL data in buffer, there is no need to indicate to the network in Msg1 its intention of using EDT. Instead, the eNB can retrieve the UE EDT capability from the MME. This way, the system operates as per legacy in Msg1 and thus in Msg2 the network does not need to provide unnecessary large grant for Msg3. Note that this is applicable to early data transmission in both CP and UP solutions [1].

[bookmark: _Toc497687708][bookmark: _Toc497688967][bookmark: _Toc497689776][bookmark: _Toc497689813][bookmark: _Toc497743801][bookmark: _Toc497743832][bookmark: _Toc497743856][bookmark: _Toc497743911][bookmark: _Toc497744544][bookmark: _Ref498092161][bookmark: _Toc498092226][bookmark: _Toc498095748][bookmark: _Toc498096063][bookmark: _Toc498096128][bookmark: _Toc498096190][bookmark: _Toc498096866][bookmark: _Toc498096984][bookmark: _Toc498097245][bookmark: _Toc498351213][bookmark: _Toc498352248][bookmark: _Toc498527528][bookmark: _Toc498531506][bookmark: _Toc498531714][bookmark: _Toc498537991][bookmark: _Toc498538019][bookmark: _Toc498592584][bookmark: _Toc498592611][bookmark: _Toc498593201][bookmark: _Toc498593305][bookmark: _Toc498593470][bookmark: _Toc498593532][bookmark: _Toc498593560][bookmark: _Toc498593686][bookmark: _Toc498593862][bookmark: _Toc498594035][bookmark: _Toc498594057][bookmark: _Toc498595026][bookmark: _Toc498609204][bookmark: _Toc498609231][bookmark: _Toc498618143][bookmark: _Toc498618628][bookmark: _Toc498638600][bookmark: _Toc498638684][bookmark: _Toc498644614][bookmark: _Toc498652189][bookmark: _Toc498661961]For MT traffic (both CP and UE solutions), UE shall not indicate an intention for EDT if there is no early UL data to transmit in Msg3.
[bookmark: _Toc498092214][bookmark: _Toc498095736][bookmark: _Toc498096051][bookmark: _Toc498096116][bookmark: _Toc498096178][bookmark: _Toc498351201][bookmark: _Toc498352236][bookmark: _Toc498527516][bookmark: _Toc498531493][bookmark: _Toc498531701][bookmark: _Toc498537975][bookmark: _Toc498538003][bookmark: _Toc498592568][bookmark: _Toc498592595][bookmark: _Toc498593185][bookmark: _Toc498593316][bookmark: _Toc498593454][bookmark: _Toc498593697][bookmark: _Toc498595010][bookmark: _Toc498609191][bookmark: _Toc498609218][bookmark: _Toc498618130][bookmark: _Toc498618615][bookmark: _Toc498638587][bookmark: _Toc498638671][bookmark: _Toc498644624][bookmark: _Toc498652178][bookmark: _Toc498661968]For MT traffic, the eNB retrieves UE EDT capability from the MME before sending DL data in Msg4.
[bookmark: _Toc498531715][bookmark: _Toc498537993]
In addition, in CP solution, it is possible for the EDT-capable UE to decode a Msg4 with DL data without sending a EDT-type of Msg3 to avoid unnecessary waste of resources.

[bookmark: _Toc498537994][bookmark: _Toc498538021][bookmark: _Toc498592586][bookmark: _Toc498592613][bookmark: _Toc498593203][bookmark: _Toc498593307][bookmark: _Toc498593472][bookmark: _Toc498593534][bookmark: _Toc498593562][bookmark: _Toc498593688][bookmark: _Toc498593864][bookmark: _Toc498594037][bookmark: _Toc498594059][bookmark: _Toc498595028][bookmark: _Toc498609206][bookmark: _Toc498609233][bookmark: _Toc498618145][bookmark: _Toc498618630][bookmark: _Toc498638601][bookmark: _Toc498638685][bookmark: _Toc498644615][bookmark: _Toc498652190][bookmark: _Toc498661962]For CP EDT in MT traffic, the UE shall send a legacy Msg3.
Other issues
Role of Msg5
If Msg3 with EDT is successfully received, it is important to understand the need for Msg5. For EDT, the main functionality of Msg3 is to carry the UL NAS PDU but, if needed, it is used to request a RRC connection. In case there is no further data transmission (neither in the UL nor the DL), the network can send the UE back to idle mode via Msg4, as discussed earlier. In this case, Msg5 can be skipped.

[bookmark: _Toc497689778][bookmark: _Toc497689815][bookmark: _Toc497743806][bookmark: _Toc497743836][bookmark: _Toc497743859][bookmark: _Toc497743914][bookmark: _Toc497744547][bookmark: _Toc498092229][bookmark: _Toc498095750][bookmark: _Toc498096065][bookmark: _Toc498096130][bookmark: _Toc498096192][bookmark: _Toc498096868][bookmark: _Toc498096986][bookmark: _Toc498097247][bookmark: _Toc498351215][bookmark: _Toc498352250][bookmark: _Toc498527530][bookmark: _Toc498531508][bookmark: _Toc498531717][bookmark: _Toc498537978][bookmark: _Toc498538006][bookmark: _Toc498592571][bookmark: _Toc498592598][bookmark: _Toc498593188][bookmark: _Toc498593319][bookmark: _Toc498593457][bookmark: _Toc498593700][bookmark: _Toc498595013][bookmark: _Toc498609194][bookmark: _Toc498609221][bookmark: _Toc498618133][bookmark: _Toc498618618][bookmark: _Toc498638590][bookmark: _Toc498638674][bookmark: _Toc498644627][bookmark: _Toc498652179][bookmark: _Toc498661969]In case UE is indicated to return to RRC_IDLE upon receipt of Msg4, Msg5 can be skipped.
However, if the network decided to establish the connection, the UE should send a RRC message in Msg5 to confirm that the connection setup is completed. In our view, a feedback of Msg4, e.g., RLC ACK and/or HARQ ACK from the UE cannot reliably be considered a confirmation for the UE radio resource configuration, i.e., SRB1/SRB1bis establishment, DRX configuration.

[bookmark: _Toc497743807][bookmark: _Toc497743837][bookmark: _Toc497743860][bookmark: _Toc497743915][bookmark: _Toc497744548][bookmark: _Toc498092230][bookmark: _Toc498095751][bookmark: _Toc498096066][bookmark: _Toc498096131][bookmark: _Toc498096193][bookmark: _Toc498096869][bookmark: _Toc498096987][bookmark: _Toc498097248][bookmark: _Toc498351216][bookmark: _Toc498352251][bookmark: _Toc498527531][bookmark: _Toc498531509][bookmark: _Toc498531718][bookmark: _Toc498537998][bookmark: _Toc498538025][bookmark: _Toc498592590][bookmark: _Toc498592617][bookmark: _Toc498593207][bookmark: _Toc498593311][bookmark: _Toc498593476][bookmark: _Toc498593538][bookmark: _Toc498593566][bookmark: _Toc498593692][bookmark: _Toc498593868][bookmark: _Toc498594042][bookmark: _Toc498594063][bookmark: _Toc498595032][bookmark: _Toc498609210][bookmark: _Toc498609237][bookmark: _Toc498618149][bookmark: _Toc498618634][bookmark: _Toc498638605][bookmark: _Toc498638689][bookmark: _Toc498644619][bookmark: _Toc498652191][bookmark: _Toc498661963]If the UE is indicated in Msg4 to continue the connection setup, Msg5 shall be transmitted to confirm the connection setup completion.
The role of Msg5 now is to confirm the setup completion and carry possible further UL user data, i.e., UL NAS-PDU, rather than to carry the initial NAS message for establishment of the NAS signalling connection, as per legacy. Since there may be no more UL user data, the RRC message in Msg5 should have all possible IEs including dedicatedInfoNAS as optional IEs. The RRCConnectionSetupComplete could be used for this purpose. However, it includes mandatory IEs such as dedicatedInfoNAS and selectedPLMN-Identity, which are not always required in this case. Thus, it is preferred to define a new RRC message to be sent in Msg5 to confirm connection setup completion in case the UE is indicated to continue connection setup. The content of this message would include an optional dedicatedInfoNAS IE for possible further UL data transmission in Msg5.
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Note that in case of a large NAS-PDU that does not fit the TB of Msg3, Msg5 will help deliver this, as in Rel-13 CP solution.
Security aspects
Regarding security, NAS-PDUs are protected with NAS security function, i.e., ciphering of the data part and integrity protection of the whole message, i.e., the CONTROL PLANE SERVICE REQUEST and the ESM DATA TRANSPORT. Note that, SRB0 does not have PDCP support and thus no AS security protection. However, the NAS layer at receiving side would detect possible attacks and in the worst case, retransmissions are needed.
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Conclusion
In this contribution paper, we made the following observations:
Observation 1	If a single grant is provided in Msg2, there is a waste of UL resources when there is insufficient UL grant for Msg3.
Observation 2	For MT traffic, the eNB retrieves UE EDT capability from the MME before sending DL data in Msg4.
Observation 3	In case UE is indicated to return to RRC_IDLE upon receipt of Msg4, Msg5 can be skipped.
Observation 4	Since RRC message carrying NAS-PDU (both UL and DL) is transmitted over SRB0, CP EDT solution does not have AS security support.

Based on the discussion and observations, we propose the following:
Proposal 1	Extend the RRCConnectionRequest message with an optional dedicatedInfoNAS IE for EDT in Msg3.
Proposal 2	The dedicatedInfoNAS IE is included in the RRCConnectionRequest if the TBS permits and omitted otherwise.
Proposal 3	Support the use of NAS RAI in Msg3 to indicate its intention to return idle after receiving Msg4.
Proposal 4	DL data in Msg4 is possible in case UE is indicated to enter RRC_CONNECTED mode.
Proposal 5	Extend RRCConnectionSetup message with an optional dedicatedInfoNAS IE for DL EDT in case UE is indicated to enter RRC_CONNECTED mode.
Proposal 6	Define a new RRC message carrying DL NAS-PDU for the case UE is indicated to return Idle upon receipt of Msg4.
Proposal 7	Extend the DL-CCCH-Message class to accommodate the new RRC message for EDT in Msg4.
Proposal 8	Extend UE capability to include EDT capability to facilitate EDT-related operations.
Proposal 9	For MT traffic (both CP and UE solutions), UE shall not indicate an intention for EDT if there is no early UL data to transmit in Msg3.
Proposal 10	For CP EDT in MT traffic, the UE shall send a legacy Msg3.
Proposal 11	If the UE is indicated in Msg4 to continue the connection setup, Msg5 shall be transmitted to confirm the connection setup completion.
Proposal 12	Define a new RRC message for Msg5 in case network commands the UE in Msg4 to complete the connection setup.
Proposal 13	For EDT in Msg3, UL NAS message is sent integrity protected and the data part is ciphered.
Proposal 14	For EDT in Msg4, DL NAS message is sent integrity protected and ciphered.
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Appendix: Content of Msg3/Msg4 and signaling flow

Sub-header2
dedicatedInfoNAS
(CP SERVICE REQUEST)
S-TMSI 
CCCH SDU
Sub-header1
Protocol discriminator
16bits
8bits
40bits
EstCause
8bits
Security header type
CPSR Identity
CPS type
ESM message container
(ESM DATA TRANSPORT)
4bits
4bits
8bits
4bits
NAS key set identifier
4bits
Protocol discriminator
EPS bearer Identity
Procedure transaction Identity
ESM Data Transport Identity
4bits
4bits
8bits
8bits
User data container
(ciphered)
N bits
Release assistance indication
8bits
NAS-MAC for integrity protection
32bits

[bookmark: _Ref497685422]Figure 1: Example of Msg3 content


S-HD 1
S-HD 0
8bits
16bis
48bits
56bits+ DL data size
Cont. Res. MAC CE
16bits
S-HD 2
8bits
MAC header
releaseCause
dedicatedInfoNAS
(ESM DATA TRANSPORT)
CCCH SDU
Protocol discriminator
EPS bearer Identity
Procedure transaction Identity
ESM Data Transport Identity
4bits
4bits
8bits
8bits
User data container
(ciphered)
N bits
NAS-MAC for integrity protection
32bits
MAC CE

[bookmark: _Ref497686623]Figure 2: Example of Msg4 content in CP solution. The new RRC message is assumed to include only releaseCause and dedicatedInfoNAS IEs.

UE
MME
eNB
S-GW
NAS-PDU arrives at RRC
1.Random Access Preamble
2.Random Access Response
3.Msg3 = RRCConnectionRequest 
(S-TMSI, estCause, NAS-PDU with EBI, RAI)
 
4.Initial UE Message
(NAS-PDU with EBI and RAI)
5.Check integrity and decipher data
9.Msg4 = New message/RRCConn.Setup 
(releaseCause/RadioRsrConfDedicated, NAS-PDU)
11.Msg5 = RRCConnectionSetupComplete
(optional NAS-PDU)
6.Modify bearers
UL/DL data
7.Data encryption and integrity protection
8.DOWNLINK NAS transport or
UE Context Release Command
(optional NAS PDU with EBI)
UL and DL data
12.RRCConnectionRelease
 
10.UE returns IDLE if indicated
4.RandomConnectionResume
(DL data)
2.RRCConnectionResumeRequest
(resumeID, resumeCause, shortResumeMAC-I, UL data)
3.AS security fully active
5.RRCConnectionResumeComplete
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Figure 3 shows an example of call flow for eDoNAS in a MO call. In this example, the RRCConnectionRequest message is used in Msg3, whereas both the RRCConnectionSetup and the new RRC message are shown in Msg4 to cover the two cases discussed in section 3. The UE may go back to idle mode after Msg4 (step 10) or continue to setup connection with Msg5 and later on release the connection (steps 11 and 12).
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