3GPP TSG-RAN3 Meeting #97bis
R3-173518
Prague, Czech Republic, 09 – 13 Oct, 2017
Title: 
NB-IoT Early Data transmission
Source: 
Huawei
Agenda item:
13.1
Document for:
Discussion
1   Introduction
During RAN3#97 meeting, several contributions on Early Data transmission were discussed and to be continued [1] [2] [3], and there was also some progress in RAN2. 

In this contribution, we provide further analyses of RAN3 impact and take RAN2 progress into account. 
2   Background

During RAN2#99 meeting, and the following was agreed:

	Agreements:

· 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.


There was also a RAN2 email discussion “[99#45][NB-IoT/MTC] Early data transmission (Qualcomm)” before this meeting [4], and get a list of proposals to be further discussed in Oct meeting.

	Proposal 1.
PRACH partitioning is used to indicate the UE’s intention to use early data tx in Msg3. Backward compatibility shall be preserved. FFS details on the PRACH pool, e.g., preamble/time/frequency/carrier domain of PRACH partitioning.

Proposal 2.
The procedure is to be used only when complete UL data can fit in the grant given in the RAR.

Proposal 3.
One payload size for this release with possibility to extend to multiple payload sizes in the future. The payload size may be different for eMTC and NB-IoT.

Proposal 4.
The maximum TBS for Msg3 should be decided by RAN1.

Proposal 5.
UE does not transit to full RRC connected state during early data transmission session unless eNB specifically triggers the UE to establish full RRC connection.
Proposal 6.
FFS whether new RRC messages are defined or existing RRC messages are extended to provide signalling for EDT.

Proposal 7.
Check with SA2/CT1 whether/which of the following info which is sent in Msg5 in Legacy method should be included in Msg3 for EDT: selectedPLMN-Identity, registeredMME, gummei-Type, s-TMSI, attachWithoutPDN-Connectivity, up-CIoT-EPS-Optimisation, cp-CIoT-EPS-Optimisation, dcn-ID.

Proposal 8.
RAN2 does not intend to change Msg2 format unless asked by RAN1.

Proposal 9.
Maximum grant size should be same as one of the already supported TBS(s) for the relevant mode (eMTC or NB-IoT).

Proposal 10.
No new procedure is defined for the differentiation of UL grant for early data vs legacy procedure. Use of the grant by EDT-enabled UE is left upto implementation.

Proposal 11.
For CP solution, append the NAS PDU in the same RRC message sent in Msg3 and transmit as CCCH SDU. FFS for UP solution.

Proposal 12.
Discuss how to handle retransmission in case of Msg3 tx failure.

Proposal 13.
For CP, the DL data can be optionally included as NAS PDU. For UP, DL data can be optionally MAC-multiplexed with RRC message and Contention Resolution ID.

Proposal 14.
Msg4 can serve as success/failure confirmation of EDT in Msg3.

Proposal 15.
Msg4 can indicate whether the UE should transit to full RRC connection.

Proposal 16.
Successful EDT procedure in Msg3 and/or Msg4 ends with Msg4, i.e., there is no need of Msg5.

Proposal 17.
No change in legacy Msg5 is anticipated for fallback from EDT.

Proposal 18.
NAS security is used for UL data in CP case pending confirmation from SA3 that it is sufficient.

Proposal 19.
NCC is provided at the time of suspension pending confirmation from SA3 that it is ok.

Proposal 20.
NAS security is used for DL data in CP case pending confirmation from SA3 that it is sufficient.

Proposal 21.
NCC is provided at the time of suspension pending confirmation from SA3 that it is ok.

Proposal 22.
RAN2 understands S-TMSI for CP, and resumeID and shortResumeMAC-I for UP modes are sufficient to identify UE at the MME and eNB respectively. Confirm with SA2, SA3, CT1.


Note: based on our understanding, the proposals which may have relationship with RAN3 discussion are highlighted in the table above.

3   Discussion
Based on the RAN2 discussion, several observations could be found:
Observation 1: A UE does not transit to full RRC connected state during early data transmission session unless eNB specifically triggers the UE to establish full RRC connection.
Observation 2: For CP solution, the UL/DL data will be included in Msg3/4 as NAS PDU.

Observation 3: It is FFS how to carry the UL Data in Msg3 and DL data in Msg4, but they will be available at eNB, i.e. eNB will get the UL data after receiving Msg3, and get the DL data (if any) before sending Msg4.

Observation 4: the eNB can route the UL data to the CN based S-TMSI/Resume id included in Msg3.

Observation 5: the S1 UE Context will be released after sending the DL data to the UE via msg4 unless of fallback scenario.
3.1   Early Data transmission for CP solution

Based on the current discussion especially observation 1, the S1AP: INITIAL UE MESSAGE message will be used to provide the UL Data received in Msg3 towards the MME. Upon receiving msg3, the RRC connection is actually not established yet, current S1 specification stated this message is used to forward the first UL NAS message transmitted on an RRC connection, hence it will be needed to update that description.
	TS36.413:

When the eNB has received from the radio interface the first UL NAS message transmitted via RRC message on an RRC connection to be forwarded to an MME, the eNB shall invoke the NAS Transport procedure and send the INITIAL UE MESSAGE message to the MME including the NAS message as a NAS-PDU IE.


Proposal 1: for CP solution, transmit the UL Data received in Msg3 towards the MME via S1AP: Initial UE Message, update the text description part of the procedure.
Based on observation 1 and observation 5, after receiving the INITIAL UE MESSAGE, the MME may need to provide a DL NAS PDU towards the eNB, and the S1 connection will be released, to support this, there are several options:
CP-Option 1: DL NAS TRANSPORT + MME triggered S1 UE context release
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Figure 1 CP-Option 1
In this option, the MME will trigger UE Context Release procedure, and if there is DL NAS PDU to transmit, the DL NAS Transport procedure will be triggered before release.

In case there is DL NAS PDU to be transmitted, the eNB need to wait for a while after receiving DL NAS TRANSPORT from MME, in case UE Context release is triggered by the MME, the eNB will perform early data transmission specific Msg4.

Observation 6: in CP-Option 1, the eNB need to wait for a while after receiving DL NAS TRANSPORT from MME, in case UE Context release is triggered by the MME, the eNB will perform early data transmission specific Msg4.

Note that Step 4 will not impact Step 5 Msg4 transmission, as it was specified in TS23.401 that:

12.
The eNB sends a RRC Downlink data message including the Downlink data encapsulated in NAS PDU. If in step 11 the S1-AP message with the NAS DATA PDU was followed by an S1 UE Context Release Command, step 15 is completed promptly after the Downlink Data transmission of the NAS PDU to the UE and the acknowledgement to MME in step 13 have been completed at the eNB, and the eNB does not need to enter step 14. If header compression was applied to the PDN, the UE would perform header decompression to rebuild the IP header.

On the other hand, the MME initiated UE Context Release currently is only be triggered in some specific cases, a new S1AP Cause Value e.g. “early data transmission” or  “no further data” may be needed.

Observation 7: in CP-Option 1, a new S1AP Cause Value may be needed to be provided in the MME initiated UE Context Release.
CP-Option 2: MME triggered S1 UE Context Release with DL NAS PDU
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Figure 2 CP-Option 2
In this option, the eNB will use INITIAL UE MESSAGE to carry the UL NAS PDU received in Msg3 towards the MME, and MME triggers the S1 UE Context release procedure with optional DL NAS PDU if any.

Besides the impact as elaborated in proposal 1, this solution also need to change the S1 UE Context release procedure, not only to carry NAS PDU, but also the concept of the release procedure, as currently the procedure is defined to release the context and resource of the UE, not to trigger the delivery of a DL NAS PDU.
Observation 8: in CP-Option 2, it is needed to change the S1 UE Context release procedure, not only to carry NAS PDU, but also the concept of the UE Context release procedure.
CP-Option 3: DL NAS TRANSPORT message + eNB triggered S1 UE context release

[image: image3.emf]eNB UE MME

1. Msg3 + NAS PDU

2. INITIAL UE MESSAGE + NAS PDU

3. DL NAS TRANSPORT + End indicator

4. Msg4 + NAS PDU(if any)

6. UE CONTEXT RELEASE COMMAND


Figure 3 CP-Option 3
In this option, the eNB will trigger the UE Context release after sending the DL NAS PDU to the UE via msg4. 
Note that if there is no DL PDU to be transmit, the step3 will be UE Context Establishment Indication instead of DL NAS Transport. 

And there is no need for the eNB to wait a while before sending msg4 as in option1: the eNB will be able to trigger msg4 immediately when it gets the DL NAS TRANSPORT message with the End indicator (which means “early data transmission” or “no further data”).

Besides the change in Proposal 1, this option requires the MME to provide End Indicator in DL NAS TRANSPORT and UE CONNECTION ESTABLISHMENT INDICATION messages.

Observation 9: in CP-Option 3, it is needed to introduce End Indicator in DL NAS TRANSPORT and UE CONNECTION ESTABLISHMENT INDICATION messages.
In CP-Option 3 the eNB does not need to wait a while to decide whether Early Data Transmission specific Msg4 could be sent or not, hence it is more efficient than the CP-Option 1. In addition, considering the change of UE Context release procedure in CP-Option 2, it is preferred to select CP-Option 3 to support early data.
Proposal 2: for CP CIoT EPS optimisation, select CP-Option 3 to support early data transmission, by introducing an End Indicator in the DL NAS TRANSPORT and UE CONNECTION ESTABLISHMENT INDICATION messages.

3.2   Early Data transmission for UP solution

From our view, the S1AP UE Context Resume and Suspend procedure will still be used for UP solution in case of early data transmission, as shown in Figure 4 below:
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Figure 4 Early data transmission in UP solution 
The current UE Context Resume procedure is performed only in case the UE has resumed the suspended RRC connection: this is not the case for early data transmission. It is also needed to update the description of the UE Context Resume procedure.
	TS36.413:

The purpose of the UE Context Resume procedure is to indicate to the MME that the UE has resumed the suspended RRC connection or accesses for early data transmission and to request the MME to resume the UE context, UE-associated logical S1-connection and the related bearer contexts in the EPC.


Proposal 3: for UP CIoT EPS optimisation, update the description of the UE Context Resume procedure, not only to be used in case the UE has resumed the suspended RRC connection, but also when the UE accesses for early data transmission.
In order to decide whether the Early Data transmission specific Msg4 could be sent or not, i.e. not only the intention of early data transmission from UE, but also the no further data indication from CN, it is needed to further consider how to provide such information from CN to the eNB, one potential solution is to reuse the end marker from SGW to the eNB, and there is no RAN3 impact for that, FFS for SA2 impact.
4   Observations and Proposals
In this contribution, we analysed the early data transmission for CP and UP solutions. Get the following observations:
Observation 1: UE does not transit to full RRC connected state during early data transmission session unless eNB specifically triggers the UE to establish full RRC connection.
Observation 2: For CP solution, the UL/DL data will be included in Msg3/4 as NAS PDU.

Observation 3: It is FFS how to carry the UL Data in Msg3 and DL data in Msg4, but they will be available at eNB, i.e. eNB will get the UL data after receiving Msg3, and get the DL data (if any) before sending Msg4.

Observation 4: the eNB can route the UL data to the CN based S-TMSI/Resume id included in Msg3.

Observation 5: the S1 UE Context will be released after sending the DL data to the UE via msg4 unless of fallback scenario.

Observation 6: in CP-Option 1, the eNB need to wait for a while after receiving DL NAS TRANSPORT from MME, in case UE Context release is triggered by the MME, the eNB will perform early data transmission specific Msg4.

Observation 7: in CP-Option 1, a new S1AP Cause Value may be needed to be provided in the MME initiated UE Context Release.
Observation 8: in CP-Option 2, it is needed to change the S1 UE Context release procedure, not only to carry NAS PDU, but also the concept of the UE Context release procedure
Observation 9: in CP-Option 3, it is needed to introduce End Indicator in DL NAS TRANSPORT and UE CONNECTION ESTABLISHMENT INDICATION messages.

Based on all of these observations, we further get the following proposals:

Proposal 1: for CP solution, transmit the UL Data received in Msg3 towards the MME via S1AP: Initial UE Message, update the text description part of the procedure.
Proposal 2: for CP CIoT EPS optimisation, select CP-Option 3 to support early data transmission, by introducing an End Indicator in the DL NAS TRANSPORT and UE CONNECTION ESTABLISHMENT INDICATION messages.

Proposal 3: for UP CIoT EPS optimisation, update the description of the UE Context Resume procedure, not only to be used in case the UE has resumed the suspended RRC connection, but also when the UE access for early data transmission.

It is also proposed to endorse the CR in [5] as the baseline CR.
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