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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."
In the RAN2 # 99 meeting, following agreements were made.

-  We intend to support early UL data transmission in Msg3 for control plane and user plane CIoT EPS optimisation.

-  We intend to support early DL data transmission in Msg4 for control plane and user plane CIoT EPS optimisation.

-  Early data transmission feature is considered when AS security was not established for only transmitting data using CP.

-  Early data transmission feature is considered when AS security was established for transmitting data using CP and/or UP.
In this document, we further discuss the details on realizing the early UL and DL data transmission in msg3 and msg4 respectively via CP C-IoT and UP C-IoT aiming to complement few points that in our understanding, were not clear from the related RAN2 email discussion [99#45]. 
2 Discussion
2.1 Early data transmission indication 

Based on RAN2#99 agreements, it is understood that there are following cases to consider for the early data transmission in UL and/or DL: 1) Early data transmission over CP when AS security was not established, 2) Early data transmission over UP when AS security was established, 3) Early data transmission over CP when AS security was established and 4) Early data transmission over CP with pinned PDN connection and UP when AS security was established. 

In all cases, it is preferable that eNB receives some form of indication that early data transmission will occur in DL or UL. In the case of UL early data transmission, the motivation is not to force eNB to always or blindly provide larger UL grants in Msg.3 when this may not be required. In the case of DL early data transmission, the motivation is to let MME know upon Msg.3 when a UE is establishing or resuming a connection for early data transmission operation. This may be important for the MME to send the DL data to eNB before Msg.4 were to be sent to the UE.
For the early UL data transmission indication, eNB can be able to know from the msg1. For the indication in msg1, a PRACH resource partitioning (time, frequency and preambles) can be used, however, RAN1 input is required if there is any RACH performance and system capacity impact. The RAR may also support multiple payload sizes but it depends on the use-cases of early data transmission how the payload size varies, however, this may have trade-offs between the scheduling flexibility and the UL grant sizes.
Proposal 1. The design of early data indication in msg1 and RAR format is up to RAN1.  
In the use case 4) when AS security is enabled, UE has short CP data to transmit via pinned PDN connection and UP data via UP C-IoT, UE may need to multiplex both CP and UP PDUs in msg3 which would require larger UL grant. To reduce the standardization/UE complexity of supporting variable payload sizes for msg3 and multiple PDN connections at the same time, this use case can be further discussed in future. 
2.2 Early data transmission over CP when AS security was not established
2.2.1 UL data

When AS security is not established, the UE is in IDLE mode and no UE AS context is stored in UE and eNB side. However, when a NAS security has already been established between UE and MME (upon attached), UE NAS can transmit securely a control plane service request NAS PDU between UE and MME. In legacy behaviour, the NAS PDU is encapsulated in the Msg5 which is sent over SRB1. 
For early UL CP data transmission, the NAS PDU needs to be transmitted together with RRC connection request message in msg3. This can be achieved in different ways as the current RRC connection request message does not support the encapsulation of the NAS PDU.
Option 1: A critical extension of legacy RRCConnectionRequest 

In this option, the existing RRCConnectionRequest message is critically extended to include NAS Data PDU. If the critical extension is used, then the eNB knows the UE is performing early data transmission and behave accordingly.

Option 2: A new RRC message
This option is similar to option 1 as this will be an introduction of new RRC message which can carry the NAS PDU. This option requires a message class extension to the UL-CCCH message structure.
Option 3: Multiplexing of RRCConnectionRequest message and NAS PDU

In this option the CCCH of the RRCConnectionRequest message over SRB0 and the DCCH of the CONTROL PLANE SERVICE REQUEST message over SRB1 are multiplexed at MAC. It is assumed that UE can use the default/known SRB1 configuration.
On summary, based on the complexity of the SRB1 configuration before Msg3, option # 3 is not the preferred solution. Also, the existing RRC connection request message can be critical extended, there is no need to introduce new RRC message. 

The main use case of early data transmission may be for a single UL packet. However we think that it can also be used for short UL burst consisting of 2 or more UL packets. It may be beneficial to indicate to the eNB whether there is any follow-up UL packets.
Proposal 2. Critical extension of the legacy RRCConnectionRequest message is supported to encapsulate the NAS PDU for early UL data transmission in Msg3 via CP C-IoT optimization. 

2.2.2 DL data

The MME starts the paging procedure whenever there is DL data for a UE. When the UE receives the paging message, it transmits the msg3. Then the eNB transmits the msg4 which can carry the DL data for the UE. For this purpose, the RRC connection setup message can be extended to carry the DL NAS PDU in msg4.
Proposal 3. The RRC connection setup message is extended to carry the DL NAS PDU for early data transmission in msg4 via CP C-IoT.

If early DL CP data transmission follows early UL CP data transmission, the proposal 3 would work. However, when no UL CP data is sent before, the MME would not know when or where to send the DL data until the 1st NAS PDU gets sent by the UE (currently this is done in msg.5). Different options are described below that could help solving the issue: 
Option 1: MME transmits the DL data together with S1-AP paging message to the eNBs within the TA.
In this option, every eNB in the TA of the UE has to store the early DL packet and associated UE ID (S-TMSI). But the benefit of this approach is that there will be minimum latency between the msg3 and msg4. It is to note that CN signaling might not be major as CN paging optimizations are in place not to send S1-AP paging messages to all eNBs within a configured TA.
Option 2: MME indicates in the S1-AP paging message that it is for early DL data transmission in msg4.

If UE receives this indication (e.g. via paging or RAR), it can follow the option 3 or option 4 described below.

Option 3: UE transmits a 1st NAS PDU (e.g. service request) in the Msg3.

In this option, the eNB would send the 1st NAS PDU earlier which would let the MME know when/where the UE is available and ready to receive the early DL CP data transmission (which could be sent in or with msg4). In addition, this option may not be efficient as eNB has to allocate larger UL grant for msg3 if UE always transmits the service request message in msg3, although this may be avoided if msg.1 indicates to eNB the need for larger grant in msg.3.

Option 4: After eNB receives msg3, eNB requests MME for any early DL CP data transmission to transmit in msg4 for the given UE.
eNB does not know the UE capability as it has no the context of the UE in idle mode. So after every msg3, the eNB has to request or check with MME for early DL CP data transmission before transmitting msg4. However, an indication bit for early data transmission capability in msg3 can be introduced so that the eNB does not have to request or check with MME for UEs not supporting the early data transmission.
Note that all the solutions would have impact to other working group SA2/CT1. Moreover after sending the DL data in msg4, UE can send response to the MME that the DL data has been delivered to UE.
Observation 1. When no early UL CP data is sent in msg.3, some optimization needs to be defined for the MME to know when and where to send the early DL CP data.
Proposal 4. RAN2 discuss the options 1 to 4 that enable early DL CP data transmission in msg4 when no UL CP data is sent. SA2/CT1 input is required to conclude on preferred solution. 

Option 1: MME transmits the DL data together with S1-AP paging message to the eNBs within the TA
Option 2: MME indicates in the S1-AP paging message that it is for early DL data transmission in msg4
Option 3: UE transmits a 1st NAS PDU (e.g. service request) in the Msg3
Option 4: After eNB receives msg3, eNB requests MME for any early DL CP data transmission to transmit in msg4 for the given UE.
2.3 Early data transmission over UP when AS security was established
2.3.1 UL data

When a UE is in RRC IDLE with suspend indication, its UE AS security/context has already been established but remains suspended or inactive in UE and eNB side. The user plane data uses the DTCH so it is important that the UE resumes the DRBs, PDCP, RLC and AS security for early transmission of the UP data by Msg3. To protect the user’s data, UE and eNB require to have the next hop chaining count (NCC) in order to generate the new security key. The updated NCC can be available to UE from the previous RRC connection or from previous RRC suspend procedure. The UP data in DTCH and RRC connection resume message in CCCH can be multiplexed at MAC.

Observation 2. UE/eNB needs to have updated new NCC value before Msg3 to protect the UP data and the UP data can be multiplexed with RRC connection resume request message at MAC.

Upon receiving the msg3 with UP data,  the eNB and MME to exchange "S1-AP UE Context Resume Request/Response" or, if UE AS Context were retrieved from the old eNB, "S1-AP Path Switching Request/request ACK", which triggers 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.
Observation 3. To enable early UP data transmission, the S1-U bearers associated with a given UE need to be activated after processing the RRC connection resume request message and any impact to delay msg4 needs to be further considered with SA2/CT1 input.

Proposal 5. The DTCH of the User plane data over DRB and the CCCH of the RRC connection resume request message over SRB0 are multiplexed at MAC for early data transmission in msg3 via UP C-IoT.

Proposal 6. The UE gets the updated NCC value before msg3 to protect the UP data.

2.3.2 DL data

When UE receives paging for DL data, it resumes from the RRC idle with suspend indication with RRC connection resume request in msg3. The DRBs and AS security can be activated by UE and eNB when the eNB is ready to transmit the msg4 similar to early UL data transmission procedure in msg3. The user plane data in DTCH can be ciphered and multiplexed with the RRC connection resume message in DCCH at MAC.
Proposal 7. DTCH of the DL user plane data over DRB and DCCH of the RRC connection resume message over SRB1 are multiplexed at MAC for early DL data transmission in msg4 via UP C-IoT.

In this case also, the UE or eNB needs to know whether the paging message received for the DL data is for early data transmission in msg4 or not otherwise eNB may not wait for DL data before sending the msg4 to UE. Since the eNB has stored the context of the UE or fetched UE context from the source eNB, if the UE is capable of the early data transmission or it receives the notification of early DL data in S1-AP paging message, the eNB may request the MME to trigger the S1-U bearer activation and to send the any early DL data before sending the msg4. Note that the proposal 4 is also applicable in this case.
Observation 4. After receiving msg3 from the early data transmission capable UE, eNB requests MME for any early DL data transmission in msg4 via UP C-IoT.
2.4 Early data transmission over CP when AS security was established
2.4.1 UL non-IP data

Currently a UE supports the CP C-IoT with pinned PDN connection and UP C-IoT simultaneously. When a UE is in RRC IDLE with suspend indication, UE may have a small NAS PDU to transmit via pinned PDN connection. In this case, UE can resume the SRB1 before the msg3 or follow the same procedure of transmitting user plane data in the msg3. The NAS PDU in ULInformationTransfer message in DCCH can be multiplexed with the RRC connection resume request message in CCCH for early data transmission in msg3. In this case, eNB forwards the NAS PDU in SRB1 to MME.

Proposal 8. The DCCH of the Control plane data over SRB1 and the CCCH of the RRC connection resume request message over SRB0 are multiplexed at MAC for early data transmission in msg3 via CP C-IoT pinned PDN connection when the AS security has been established.
2.4.2 DL non-IP data
Similarly, there can be small non-IP DL NAS PDU arrival from SCEF for a UE in idle mode with suspend indication, then the MME needs to page the UE to transmit the DL NAS PDU. When eNB receives the legacy RRC connection resume request message in msg3 as response to paging message from the UE, it makes sure that it has the UE context. Similar to the proposal 4, it may know from an indication in the paging message that there is DL non-IP data for the UE, the eNB requests the MME for the early non-IP DL data before sending the msg4. After sending the DL non-IP data in msg4, the eNB can provide the response to MME that the DL data has been transmitted to the UE. For this purpose, the RRC connection resume message over SRB1 can be extended to encapsulate the DL non-IP NAS PDU.
Proposal 9. The RRC connection resume message is extended to carry the DL non-IP NAS PDU over SRB1 for early DL data transmission in msg4 via CP C-IoT pinned PDN connection when the AS security has been established.
2.5 UE release procedure

It is possible that the early data transmission can be used for multiple short data transmission. We assume that the use case of the early data transmission is to transmit just a single short user data. It is also possible that a UL early data transmission follows the DL data transmission or early DL data transmission follows the UL data transmission.  This would mean that a UE is ready to go to idle mode after transmission or reception of the early data transmission and msg4 would need to be optimized for the UE release procedure from eNB. When the eNB determines the end of early data transmission, it can initiate the RRC connection release procedure and trigger the release of S1-UP bearers with MME.
Observation 5. eNB needs to know the use-case whether or not the early UL data transmission follows the DL data transmission and vice versa.

Observation 6. When the eNB determines the end of early data transmission, it can initiate the RRC connection release procedure and trigger the release of S1-UP bearers with MME.

In case the UL data transmission (e.g., application ACK) is required after the DL data transmission, UE is allowed to transmit the UL data in the msg5. After receiving the msg5, the eNB can transmit the RRC connection release message to UE. In other cases, the early data transmission ends with the msg4 which can be optimized to release the UE in idle or idle with suspend indication mode.
Observation 7. When the early DL data transmission is followed by the UL data transmission, the eNB can initiate the RRC connection release procedure after receiving the msg5.

Proposal 10. If the UL data transmission (e.g., application ACK) is required after the early DL data transmission, the eNB initiates the RRC connection release procedure after receiving the msg5 otherwise after receiving msg3.

3 Conclusion

The observations captured are the following:
Observation 1.
When no early UL CP data is sent in msg.3, some optimization needs to be defined for the MME to know when and where to send the early DL CP data.
Observation 2.
UE/eNB needs to have updated new NCC value before Msg3 to protect the UP data and the UP data can be multiplexed with RRC connection resume request message at MAC.
Observation 3.
To enable early UP data transmission, the S1-U bearers associated with a given UE need to be activated after processing the RRC connection resume request message and any impact to delay msg4 needs to be further considered with SA2/CT1 input.
Observation 4.
After receiving msg3 from the early data transmission capable UE, eNB requests MME for any early DL data transmission in msg4 via UP C-IoT.
Observation 5.
eNB needs to know the use-case whether or not the early UL data transmission follows the DL data transmission and vice versa.
Observation 6.
When the eNB determines the end of early data transmission, it can initiate the RRC connection release procedure and trigger the release of S1-UP bearers with MME.
Observation 7.
When the early DL data transmission is followed by the UL data transmission, the eNB can initiate the RRC connection release procedure after receiving the msg5.

The proposal captured are the following:
Proposal 1.
The design of early data indication in msg1 and RAR format is up to RAN1.
Proposal 2.
Critical extension of the legacy RRCConnectionRequest message is supported to encapsulate the NAS PDU for early UL data transmission in Msg3 via CP C-IoT optimization.
Proposal 3.
The RRC connection setup message is extended to carry the DL NAS PDU for early data transmission in msg4 via CP C-IoT.
Proposal 4.
RAN2 discuss the options 1 to 4 that enable early DL CP data transmission in msg4 when no UL CP data is sent. SA2/CT1 input is required to conclude on preferred solution.
Option 1: MME transmits the DL data together with S1-AP paging message to the eNBs within the TA
Option 2: MME indicates in the S1-AP paging message that it is for early DL data transmission in msg4
Option 3: UE transmits a 1st NAS PDU (e.g. service request) in the Msg3
Option 4: After eNB receives msg3, eNB requests MME for any early DL CP data transmission to transmit in msg4 for the given UE.
Proposal 5.
The DTCH of the User plane data over DRB and the CCCH of the RRC connection resume request message over SRB0 are multiplexed at MAC for early data transmission in msg3 via UP C-IoT.
Proposal 6.
The UE gets the updated NCC value before msg3 to protect the UP data.
Proposal 7.
DTCH of the DL user plane data over DRB and DCCH of the RRC connection resume message over SRB1 are multiplexed at MAC for early DL data transmission in msg4 via UP C-IoT.
Proposal 8.
The DCCH of the Control plane data over SRB1 and the CCCH of the RRC connection resume request message over SRB0 are multiplexed at MAC for early data transmission in msg3 via CP C-IoT pinned PDN connection when the AS security has been established.
Proposal 9.
The RRC connection resume message is extended to carry the DL non-IP NAS PDU over SRB1 for early DL data transmission in msg4 via CP C-IoT pinned PDN connection when the AS security has been established.
Proposal 10.
If the UL data transmission (e.g., application ACK) is required after the early DL data transmission, the eNB initiates the RRC connection release procedure after receiving the msg5 otherwise after receiving msg3.
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