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Discussion and decision
1 Introduction

The early data transmission topic is one of the objectives included in eFeMTC and FeNB-IoT WIs [1]

 REF _Ref490120927 \r \h 
[2], as follow:
"Support early data transmission [RAN2 lead, RAN1, RAN3]
Evaluate power consumption/latency gain and specify necessary support for DL/UL data transmission on a dedicated resource during the Random Access procedure (after PRACH transmission and before the RRC connection setup is completed) at least in the RRC Suspend/Resume case."
"Evaluate power consumption/latency gain and specify necessary support for DL/UL data transmission on a dedicated resource during the Random Access procedure after NPRACH transmission and before the RRC connection setup is completed. [RAN2, RAN1, RAN3]"
This contribution discusses the expected work, foreseen impacts taken into consideration RAN1 agreements [3]:
"From RAN1 perspective, it is beneficial to support early data transmission for BL/CE UEs with any CE level or coverage.

From RAN1 perspective, it is beneficial to support early data transmission for NB-IoT UEs with any coverage."
2 Discussion
Firstly it is important to confirm the scope aim by this objective which looks to focus on the potential early data transmission in Msg.3 and/or Msg.4 (as pointed by the WIDs e.g. in "after PRACH transmission and before the RRC connection setup is completed"). Moreover the scope does not mention whether it refers to data sent over control plane (CP) or user plane (UP), however in the eMTC/NB-IoT context, we assume that RAN2 will aim to optimize the transmission of both.

Proposal 1. To confirm that the "early data transmission" topic aims to discuss whether data (over CP or UP) can be sent via Msg.3 and/or Msg.4.

The motivation and benefit to send data upon Msg.3 and/or Msg.4 is a topic also being analysed within NR WI where companies have provided extensible analysis e.g. to reduce UE's power consumption, latency and potential even the time that UE may be in RRC_CONNECTED. Moreover RAN1 also confirmed the benefit of this feature in [3]. On the other hand, it will also be important to understand the corresponding specification and UE impact.
Proposal 2. RAN2 confirms that there is the overall benefit of "early data transmission" feature although the corresponding specification and UE impact needs further evaluation.
When sending data over CP, AS security is not required (i.e. as NAS security could mainly use); therefore early data transmission could be discussed for both scenarios: (a) when establishing a new RRC connection and (b) when resuming a suspended RRC connection. When sending data over UP, AS security is required; therefore early data transmission should only be discussed for case (b) when resuming a suspended RRC connection.
Observation 1. When sending data over CP (AS security is not required), early data transmission could potentially be considered for scenario (a) establishment of a new connection and scenario (b) resumption of a connection.
Observation 2. When sending data over UP (AS security is required), early data transmission could potentially be considered for scenario (b) resumption of a connection.

For legacy eMTC/NB-IoT behavior, the eNB only gets the required CN related information (listed below for reference) via Msg.5. This information is used by eNB for its interaction with the CN e.g. to know towards which CN node the UL NAS PDU sent in Msg.5, i.e. dedicatedInfoNAS, should be forwarded to. 

· Via RRCConnectionSetupComplete(-NB) message: 

· Mandatory: selectedPLMN-Identity and dedicatedInfoNAS.

· Optional: registeredMME (*), gummei-Type, s-TMSI, attachWithoutPDN-Connectivity, up-CIoT-EPS-Optimisation, cp-CIoT-EPS-Optimisation (*), dcn-ID. 
The (*) marks those IEs that are not defined within NB-IoT version of this message. 
· Via RRCConnectionResumeComplete(-NB) message: 

· Optional: selectedPLMN-Identity and dedicatedInfoNAS.
When establishing a new connection, if an UL NAS PDU were to be sent multiplexed with RRCConnectionRequest(-NB), the UE will need to provide redundant information that is already provided via RRCConnectionSetupComplete(-NB), at least the selectedPLMN-Identity and dedicatedInfoNAS, as part of Msg.3. Therefore it is preferable to wait until Msg.5 over sending any early data with additional signaling. Moreover it would not be possible for the network to send a DL NAS PDU to a UE until the RRC/S1 connection were established. Takeing this into consideration, we suggest focus the discussion on the scenario (b) resumption of a connection for both cases (when data is sent over CP or UP).

Observation 3. To enable early data transmission feature, when establishing a new connection, Msg.3 would require carrying some of the information currently sent in Msg.5, at least the mandatory ones (i.e. selectedPLMN-Identity and dedicatedInfoNAS) and, when applicable, the optional ones (i.e. registeredMME, gummei-Type, s-TMSI, attachWithoutPDN-Connectivity, up-CIoT-EPS-Optimisation, cp-CIoT-EPS-Optimisation , dcn-ID). 
When resuming a new connection, a UE may or may not need to provide selectedPLMN-Identity and dedicatedInfoNAS information. For the case when the UE does not need to send them (e.g. if the selected PLMN and the TAU are the same as the one that it had when it was previously connected, in which case the eNB already has the up to date information as part of the stored UE AS Context), it should be possible to send and route the corresponding early data.
Proposal 3. Early data transmission feature is only considered when resuming a connection (i.e. the establishment of a new connection is out of WI scope) for both cases - data over CP (AS security is not required) or over UP (AS security is required).
Proposal 4. To enable early data transmission feature during the resume procedure, RAN2 should discuss whether (1) selectedPLMN-Identity and dedicatedInfoNAS information needs to optionally be sent within Msg.3 or (2) early data transmission feature is only used when UE does not need to provide selectedPLMN-Identity and dedicatedInfoNAS information to the network.
It would be important to further clarify few points in relation to resumption procedure:

· Legacy behavior only defines resumption procedure where UE AS Context is kept in the eNB but S1-U connection is released (as specified for Rel-13 UP CIoT optimization).
· During Rel-14/15 Light Connection WI, another optimization is under consideration where resumption procedure where UE AS Context is kept in the eNB, as well as, S1-U connection. However the status of this ongoing RAN work is on hold until SA2 concludes on the corresponding study phase.
Taken these points into consideration, we suggest that RAN2 focus the analyses on resumption procedure as it is specified for Rel-13 UP CIoT optimization at least until RAN2 concludes on whether the solution discussed in Rel-14/15 Light Connection WI is specified or not. 

Proposal 5. Early data transmission support can only be considered for Rel-13 UP CIoT optimization (i.e. resume/suspend procedures where eNB keeps UE AS Context but releases S1-U connection).
Proposal 5.1. The resumption procedure where eNB keeps the UE AS Context, as well as, S1-U connection should not be considered, at least until light connection like feature is specified.
Taken into consideration the points highlighted above in proposals 1 to 5, the following sections analyse the applicability and foreseen impact of enabling early data transmission (sent over CP or UP) when resuming a connection via the solution specified in Rel-13 UP CIoT Optimization.
In order to enable the early data transmission feature, it would be necessary that the specification allows the following aspects:

1. Providing larger UL grant for Msg.3, for which (a) network could blindly provide larger UL grants (which may result in a waste of resources when UE does not have UL to be sent in Msg.3), or (b) network needs to be indicated via Msg.1 that there is UL data that could be sent directly upon Msg.3. The main concern is the potential RACH impact considering that RACH can be portioned in groups A and B for eMTC and up to 4 CE levels for eMTC and NB-IoT. On this regard, RAN1 would also need to analyse the RACH performance impacts taken into account that more than one size may want to also be allowed for the UE to notify the eNB.

2. Multiplexing of data (sent over UP or data sent over CP) in Msg.3 and Msg.4. For the case when data is sent over CP, this could be enabled via an extension of current RRC Msg.3 and Msg.4, or multiplexing the RRC messages with the ULInformationTransfer or DLInformationTransfer.
3. Msg.3 might need to optionally convey selectedPLMN-Identity and dedicatedInfoNAS information, as it is explained in proposal 4. When this information were required, it could be added extending legacy Msg.3 or could be multiplexed using ULInformationTransfer. 
Proposal 6. To discuss how to inform eNB via Msg.1 of UE's request to use early data transmission feature (indicating a corresponding size) without impacting negatively the RACH performance. RAN1 input is required.

Proposal 7. If early data transmission feature were supported, LTE specification needs to allow multiplexing of data and RRC messages in the same TB for RRCConnectionResumeRequest(-NB) Msg.3 and in RRCConnectionResume(-NB) Msg.4. 

2.1 Early data transmission sent over control plane (CP)
As it is previously explain, when a UE does not need to provide the selectedPLMN-Identity during the resumption procedure, it is possible to send and route the corresponding UL NAS PDU.
For the DL NAS PDU, there are two possible cases:

a) If the MME knows in which eNB the UE is resuming the connection (e.g. if an UL NAS PDU would have been sent in Msg.3 and forwarded it to MME), it may be possible that at that point the MME sends the NAS PDU to eNB and eNB forwards it to the UE via Msg.4. On other hand, there might be cases where Msg.4 may have sent to a UE even before the DL NAS PDU reaches the eNB as the first priority is not to delay the RRC state transition. 
b) If the MME does not know in which eNB the UE is resuming the connection. For this case, two options are possible (b.1) MME does not send DL NAS PDU to RAN until it hears from the UE, or (b.2) MME sends the DL data to the eNB that has the UE AS Context stored (as S1-C is maintained for UEs in RRC_IDLE with suspend indication). The main disadvantage of (b.1) is that if the UE resumes in a different eNB_2 and the UE AS Context needs to be fetched, this DL NAS PDU would need to be forward (which would end up in a waste of resources and time as the DL NAS PDU needs to be sent back to the MME).
On summary, early DL CP data transmission is allowed after previous early UL CP data transmission. 
Proposal 8. When resuming a connection, UL CP data can be sent in Msg.3 e.g. multiplexing ULInformationTransfer with RRCConnectionResumeRequest(-NB) or extending the definition of RRCConnectionResumeRequest(-NB).
Proposal 9. When resuming a connection and UL CP data was sent in Msg.3, DL CP data can be sent in Msg.4 e.g. multiplexing DLInformationTransfer with RRCConnectionResume(-NB) or extending the definition of RRCConnectionResume(-NB).

2.2 Early data transmission sent over user plane (UP)

The immediate impacts identified to enable early data transmission over UP when resuming a connection are explained below. Note that as explained in proposal 5 and 6, the baseline assumption is legacy resume procedure (as specified for Rel-13 UP CIoT optimization).
(1) To send early UP data, the S1-U bearers need to be activated, as it is explained in proposal 5. 

· From the legacy UP CIoT optimization (i.e. resume/suspend), it is important to highlight:

· When eNB decides to suspend the RRC connection, eNB and MME exchange "S1-AP UE Context Suspend Request/Response" which trigger the MME to release all the S1-U bearers with the S-GW.

· When eNB receives RRCConnectionResumeComplete(-NB), eNB and MME exchange "S1-AP UE Context Resume Request/Response" or, if UE AS Context were retrieve from the old eNB, "S1-AP Path Switching Request/request ACK", which trigger the MME to activate the S1-U Bearers and update the DL path with the S-GW.
· Potential solutions:

· If eNB has the required information upon Msg.3 (which was previously discussed), eNB could trigger the activation of S1-U bearers. SA2/CT1 would need to be involved to check on feasibility and whether Msg.4 should or not be delayed until the S1-U bearers are activated. 

· This involves the eNB and MME to exchange "S1-AP UE Context Resume Request/Response" or, if UE AS Context were retrieve from the old eNB, "S1-AP Path Switching Request/request ACK", which trigger the MME to activate the S1-U Bearers and update the DL path with the S-GW. 

· If transmission of Msg.4 needs to be delayed until the S1-U bearers are active, RAN2 should analyze the impact on the time to resume the connection.
· It is to note that Re-14/15 light connection WI, as well as, Rel-15 NR are discussing the specification of a new sub-state or state that allows keeping the S1-U path, in which case the changes described above would not be required. 
(2) To send early UP data, the UE and eNB requires to have both the updated Next hop Chaining Count, NCC (in order to generate the new AS security key). 

· Legacy LTE resume procedure only provides this information via RRCConnectionResume(-NB) Msg.4. Therefore it cannot be used to cipher the data until Msg.5.
· In Rel-13 UP CIoT, the new NCC is provided via Msg.4; therefore sending early UL data is not possible, however it would be possible to enable sending DL data with Msg.4 if S1-U were active at this point.

· Potential solutions:

· In Rel-15 NR, related security optimizations are discussed for a UE and eNB to have an updated NCC before resuming the connection (e.g. from previous RRC connection or via previous suspend procedure as it is explained in [4]). Moreover similar proposal were also brought up during LTE light connection discussion and were foreseen feasible.
RAN2 usually avoids having duplicate discussions in same mechanisms across different WIs/topics, therefore we suggest to wait at least until NR progress on security related optimization.
Observation 4. To enable early UP data transmission, the S1-U bearers associated with a given UE needs to be activated, as explained in point (1), and UE/eNB needs to have updated new NCC value before resuming the connection, as explained in point (2).

Proposal 10. It is proposed to postpone RAN2 discussion on the enabling of early UP data transmission until NR further progresses on the related security topic.
3 Conclusion

The observations captured are the following:
Observation 1.
When sending data over CP (AS security is not required), early data transmission could potentially be considered for scenario (a) establishment of a new connection and scenario (b) resumption of a connection.
Observation 2.
When sending data over UP (AS security is required), early data transmission could potentially be considered for scenario (b) resumption of a connection.
Observation 3.
To enable early data transmission feature, when establishing a new connection, Msg.3 would require carrying some of the information currently sent in Msg.5, at least the mandatory ones (i.e. selectedPLMN-Identity and dedicatedInfoNAS) and, when applicable, the optional ones (i.e. registeredMME, gummei-Type, s-TMSI, attachWithoutPDN-Connectivity, up-CIoT-EPS-Optimisation, cp-CIoT-EPS-Optimisation , dcn-ID).
Observation 4.
To enable early UP data transmission, the S1-U bearers associated with a given UE needs to be activated, as explained in point (1), and UE/eNB needs to have updated new NCC value before resuming the connection, as explained in point (2).

The proposal captured are the following:
Proposal 1.
To confirm that the "early data transmission" topic aims to discuss whether data (over CP or UP) can be sent via Msg.3 and/or Msg.4.
Proposal 2.
RAN2 confirms that there is the overall benefit of "early data transmission" feature although the corresponding specification and UE impact needs further evaluation.
Proposal 3.
Early data transmission feature is only considered when resuming a connection (i.e. the establishment of a new connection is out of WI scope) for both cases - data over CP (AS security is not required) or over UP (AS security is required).
Proposal 4.
To enable early data transmission feature during the resume procedure, RAN2 should discuss whether (1) selectedPLMN-Identity and dedicatedInfoNAS information needs to optionally be sent within Msg.3 or (2) early data transmission feature is only used when UE does not need to provide selectedPLMN-Identity and dedicatedInfoNAS information to the network.
Proposal 5.
Early data transmission support can only be considered for Rel-13 UP CIoT optimization (i.e. resume/suspend procedures where eNB keeps UE AS Context but releases S1-U connection).
Proposal 5.1.
The resumption procedure where eNB keeps the UE AS Context, as well as, S1-U connection should not be considered, at least until light connection like feature is specified.
Proposal 6.
To discuss how to inform eNB via Msg.1 of UE's request to use early data transmission feature (indicating a corresponding size) without impacting negatively the RACH performance. RAN1 input is required.
Proposal 7.
If early data transmission feature were supported, LTE specification needs to allow multiplexing of data and RRC messages in the same TB for RRCConnectionResumeRequest(-NB) Msg.3 and in RRCConnectionResume(-NB) Msg.4.
Proposal 8.
When resuming a connection, UL CP data can be sent in Msg.3 e.g. multiplexing ULInformationTransfer with RRCConnectionResumeRequest(-NB) or extending the definition of RRCConnectionResumeRequest(-NB).
Proposal 9.
When resuming a connection and UL CP data was sent in Msg.3, DL CP data can be sent in Msg.4 e.g. multiplexing DLInformationTransfer with RRCConnectionResume(-NB) or extending the definition of RRCConnectionResume(-NB).
Proposal 10.
It is proposed to postpone RAN2 discussion on the enabling of early UP data transmission until NR further progresses on the related security topic.
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