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Introduction
In this document, we present our preference on how to do early data transmission (EDT) over User Plane (UP) solution, i.e., when AS security has been enabled using RRC resume and suspend procedures. 
The general aspects of EDT are discussed in [3] and the corresponding paper for Control Plane solution is [2].
In particular, as we discuss in [3], we would like to see “soft partitioning” of preambles if RAN2 decides that UE indication of EDT is needed. Also, we would like to see the existing RRC messages and procedures to be used as a baseline, on top which any required changes would be implemented to enable EDT. We think this results in minimal specification impact and results in use of existing and well-working procedures. This approach would also ensure different kinds of traffic patterns to be supported, as the procedure would follow the principles of legacy RRC Resume procedure in the UP solution.
[bookmark: _Ref178064866]Discussion
Transmission of Msg3
We think for EDT in Msg3, the legacy RRC message RRCConnectionResumeRequest should be used. We don’t currently see any compelling reasons to define a new RRC message for this purpose, especially if no additional information is needed on top of what is currently included in this message. 

[bookmark: _Toc494187798][bookmark: _Toc494187864][bookmark: _Toc494187877][bookmark: _Toc494288569][bookmark: _Toc494416463][bookmark: _Toc494416477][bookmark: _Toc494413780]RRCConnectionResumeRequest is used in UP solution in Msg3 for early data transmission.

In order to send data in Msg3 as agreed, and to have the AS security enabled, the UE needs to derive AS keys and restore DRBs and the respective PDCP states before sending the RRCConnectionResumeRequest to lower layers. This can be done when the UE NCC has been provided in an earlier RRC suspend message.

[bookmark: _Toc494061350][bookmark: _Toc494062239][bookmark: _Toc494058745][bookmark: _Toc494062645][bookmark: _Toc494187799][bookmark: _Toc494187865][bookmark: _Toc494187878][bookmark: _Toc494288570][bookmark: _Toc494416464][bookmark: _Toc494416478][bookmark: _Toc494413781]UE derives AS keys and resumes DRBs and PDCP states before submitting RRCConnectionResumeRequest to lower layers. 

For the UP solution, the user plane data (over DRB, DTCH logical channel) should be multiplexed together with RRCConnectionResumeRequest in MAC layer. We think the best solution would be to use SRB1 and DCCH to transmit the RRCConnectionResumeRequest, as SRB1 would be available for Msg3 transmission. This would require some specification changes, but the additional benefit would be integrity protection provided by PDCP layer.

[bookmark: _Toc494416465][bookmark: _Toc494416479][bookmark: _Toc494413782][bookmark: _Toc494061351][bookmark: _Toc494062240][bookmark: _Toc494058746][bookmark: _Toc494062646][bookmark: _Toc494187800][bookmark: _Toc494187866][bookmark: _Toc494187879][bookmark: _Toc494288571]The RRC message in Msg3 is transmitted over SRB1 and DCCH. 

If SRB0 (and CCCH) would be used instead, change in the specifications is needed so that CCCH and DTCH logical channels can be multiplexed in MAC. In this case, multiplexing of DTCH and CCCH should be done in MAC layer.

[bookmark: _Toc494416466][bookmark: _Toc494416480][bookmark: _Toc494413783]Support multiplexing DTCH and CCCH logical channels in MAC when a large enough grant is provided to the UE.

[bookmark: _Toc494187801]Additionally, the UE should include Release Assistance Indicator (RAI) in Msg3 provided the grant is large enough, and all data fit into the granted TB and no further data is expected. RAI would help the eNB to decide whether the UE should be released to idle mode after Msg4, or in case connected mode is established, the eNB would release the UE as soon as possible. 
[bookmark: _Toc494187802]Moreover, in case of early data transmission, we think a buffer status report (BSR) included in Msg3 is helpful. eNB knowledge of UE data size at this stage would help in decision making regarding UE state transition, and in case more than one uplink transmission is required, the size of following uplink grant(s).
[bookmark: _Hlk494413774]
[bookmark: _Toc494187803][bookmark: _Toc494187867][bookmark: _Toc494187880][bookmark: _Toc494288577][bookmark: _Toc494416462][bookmark: _Toc494413775]BSR is included in Msg3 when the provided grant is large enough. If all data fit into the TB, BSR = 0 can be indicated (i.e., RAI).

Note that an NB-IoT UE never sends a padding BSR = 0 unless it is a RAI. Currently RAI has not been specified for eMTC, but given that it would be helpful for the UE to achieve lower power consumption for early data, and in general, we think introducing such is warranted, and should not require much extra work or significant specification changes from RAN2 side.
[bookmark: _GoBack]
[bookmark: _Toc494187804][bookmark: _Toc494187868][bookmark: _Toc494187881][bookmark: _Toc494288572][bookmark: _Toc494416467][bookmark: _Toc494416481][bookmark: _Toc494413784]Introduce RAI for eMTC.

[bookmark: _Toc494187805][bookmark: _Toc494187869]If the RRC message would be sent over SRB0, only RLC TM would be applicable, and with SRB1 RLC AM would be used. For the DRB it would be possible to use RLC AM, but for early data transmission we think it is enough when only HARQ feedback used for Msg3 and Msg4 would act as a higher layer ACK in the end. Note that in Rel-15 we are most likely introducing possibility for HARQ ACKs for uplink transmissions.

Transmission of Msg4
As for Msg3, for Msg4 we think the legacy RRC message can be used, that is, RRCConnectionResume in normal case. 

[bookmark: _Toc494187806][bookmark: _Toc494187870][bookmark: _Toc494187882][bookmark: _Toc494288573][bookmark: _Toc494416468][bookmark: _Toc494416482][bookmark: _Toc494413785]RRCConnectionResume is used in UP solution for early data transmission in Msg4.

Any possible downlink data can be multiplexed in MAC layer with the RRC message given that the downlink allocation will be large enough. Note that there may be cases where the eNB sends the RRC message separately from possible downlink user data: For some application, this may for example take some time to answer the initial message from the application in UE, thus eNB may need to wait for arriving downlink data. This depends on the location of the application server, and is not always a factor the network operator can control. 
Separately sending the RRC message and the data should not be an issue for the eNB or the UE, but may require UE to complete the state transition to RRC_CONNECTED. 
If contention resolution is needed and the UE doesn’t have C-RNTI, Msg4 should include the UE Contention Resolution ID. 

[bookmark: _Toc494187807][bookmark: _Toc494187871][bookmark: _Toc494187883][bookmark: _Toc494288574][bookmark: _Toc494416469][bookmark: _Toc494416483][bookmark: _Toc494413786]Msg4 for early data transmission contains UE Contention Resolution ID together with data from DCCH and DTCH, if available. 

[bookmark: _Toc494187808]If the early data transmission is successful and the eNB allows the UE to be released to idle as soon as possible after the UE receives Msg4, and this should be done with the RRC Release procedure. We propose to multiplex RRCConnectionRelease in Msg4 together with the data and RRCConnectionResume in this case. The benefit of this is that the NCC and resumeID required for suspension and later resume would be included like in the legacy procedure. Moreover, there should be minimal specification impact in doing this, as such multiplexing in Msg4 should be possible from specification point of view. 
Additional benefit in the multiplexing approach is that if for some reason the release is not yet sent in Msg4, e.g. due to more data, or too small downlink allocation, then the same procedure would apply for a later RRCConnectionRelease transmission. This approach would be most flexible and apply to all use cases. Moreover, the UE can use connected mode DRX while waiting for the release if such is configured. 

[bookmark: _Toc494288575][bookmark: _Toc494416470][bookmark: _Toc494416484][bookmark: _Toc494413787]RRCConnectionRelease is included in Msg4 when the UE is allowed to go back to idle after EDT. 

If the NCC for the next suspension is included in RRCConnectionRelease then the NCC field in RRCConnectionResume should not be used in the procedure. 
Transmission of Msg5
If the EDT completes after Msg4, and the UE moves back to idle, Msg5 transmission might not be needed. In [3] we propose that Msg4 (RRCConnectionResume) includes a 1-bit field which indicates if the network does not expect RRCConnetionResumeComplete, thus Msg5 could be avoided in this case. 
RRC Connection Release
In case no NCC is provided beforehand, early data transmission for UP solution cannot be made and the legacy RRC Resume where UL data is transmitted starting in Msg5 will be used. 
Note that in case transition to connected mode is made, at least for NB-IoT, it would still be possible to use the mechanisms specified for early RRC connection release for Rel-15, thus reducing the power consumption required compared to legacy RRC release procedure. 

[bookmark: _Toc494062241][bookmark: _Toc494058747][bookmark: _Toc494062647][bookmark: _Toc494187809][bookmark: _Toc494187872][bookmark: _Toc494187884][bookmark: _Toc494288576][bookmark: _Toc494416471][bookmark: _Toc494416485][bookmark: _Toc494413788]NCC for the next RRC Resume procedure is included in RRCConnectionRelease message, with releaseCause = suspend. In this case NCC in RRCConnectionResume is not used by the UE.
Messaging sequence for UP solution


Figure 1. Messaging sequence proposed for EDT over UP.



Conclusion
In section 2 we made the following observations:
Observation 1	BSR is included in Msg3 when the provided grant is large enough. If all data fit into the TB, BSR = 0 can be indicated (i.e., RAI).

Based on the discussion in section 2 we propose the following:
Proposal 1	RRCConnectionResumeRequest is used in UP solution in Msg3 for early data transmission.
Proposal 2	UE derives AS keys and resumes DRBs and PDCP states before submitting RRCConnectionResumeRequest to lower layers.
Proposal 3	The RRC message in Msg3 is transmitted over SRB1 and DCCH.
Proposal 4	Support multiplexing DTCH and CCCH logical channels in MAC when a large enough grant is provided to the UE.
Proposal 5	Introduce RAI for eMTC.
Proposal 6	RRCConnectionResume is used in UP solution for early data transmission in Msg4.
Proposal 7	Msg4 for early data transmission contains UE Contention Resolution ID together with data from DCCH and DTCH, if available.
Proposal 8	RRCConnectionRelease is included in Msg4 when the UE is allowed to go back to idle after EDT.
Proposal 9	NCC for the next RRC Resume procedure is included in RRCConnectionRelease message, with releaseCause = suspend. In this case NCC in RRCConnectionResume is not used by the UE.
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