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1 Introduction
A new WID on further NB IoT enhancements and a new WID on ever further enhanced MTC were approved at RAN#75 and revised at RAN#76 and RAN#77[1][2]. 
One of the objective is for further latency and power consumption reduction as follows for NB-IoT and efeMTC:

A-1. Further latency and power consumption reduction

· (NB-IoT) 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] 
· (efeMTC) 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. [RAN2, RAN1, RAN3]

Early data transmission was discussed in the last three meetings and significant progress was achieved.
The overall framework is in place and captured in the RRC running CR [3].  However, there are still a number of FFSs remaining. 
	Agreements
For CP solution
- None of the parameters currently provided in Msg5 are included in Msg3 for EDT.
- UE is in RRC_IDLE when transmitting Msg3 for EDT, same as legacy.
- UE shall perform access barring check before initiating EDT.
- FFS whether changes to T300 and mac-contentionResolutionTimer are needed.
- New RRC message is introduced for Msg3.

- New RRC message is introduced for Msg4 in case network sends the UE to idle mode.

- UE supporting EDT shall support both UL and DL EDT.

- Msg4, which is agreed to be introduced as the new RRC message, optionally includes a NAS PDU, extendedWaitTime, redirectedCarrierInfo and for eMTC idleModeMobilityControlInfo. No need to include extendedWaitTime-CPdata in this case.
- FFS whether releaseCause is included in the new Msg4.

- UE is in RRC_IDLE when receiving the new Msg4 and it does not transit to RRC_CONNECTED.

- When the UE receives the new Msg4, the UE forwards the DL NAS PDU, if any, to upper layers, follows the legacy behavior based on included IEs, and indicates the completion of the procedure to the upper layers.
- Legacy RRCConnectionSetup message is used when the network wants the UE to move to RRC_CONNECTED. The UE assumes that UL data transmission was succesful, i.e. up to MME.

- In EDT, it is possible for the UE to receive RRCConnectionReject message in response to the new Msg3.

- Legacy RRCConnectionSetupComplete is used when the network wants the UE to move to RRC_CONNECTED. NAS container in RRCConnectionSetupComplete message may be sent empty. FFS if this is possible from ASN.1 standpoint.
For UP solution

- UE supporting EDT shall support both UL and DL EDT.

- The UE shall have NCC prior ro indicating EDT.

- resumeID, shortResumeMAC-I, and resumeCause are included in Msg3 for EDT.
- None of the parameters currently provided in MSG5 are included in Msg3 for EDT.
- UE is in RRC_IDLE when transmitting Msg3 for EDT, same as legacy.
- UE shall perform access barring check before initiating EDT.
- UE shall restore the UE context, reactivate security, and re-establish/resume all SRBs/DRBs. The UE shall derive new keys based on the NCC provided in the previous connection. It is FFS in which message NCC is provided in the previous connection. The FFS is pending SA3 feedback.

- Legacy RRCConnectionResumeRequest message is used in Msg3.

- Legacy RRCConnectionRelease message with suspend is extended to include NCC in Msg4 when the network wants the UE to move to RRC_IDLE.


In this document, we address issues related to the CP solution or common to both CP and UP solutions.

2 Discussion 
2.1 EDT message names for the CP solution

In the RRC running CR [3], the EDT message names for the CP solution, RRCEarlyDataRequest/ RRCEarlyDataResponse, are marked as FFS.

On our view, these message names do not reflect the purpose of the procedure which is the transmission of one UL data packet optionally followed by a DL data packet without transition to RRC_Connected mode. Thus we would prefer to change them to something more explicit, e.g. ConnectionLessDataRequest/ ConnectionLessDataResponse or OneShotDataRequest/ OneShotDataResponse.
Proposal 1: RAN2 to consider naming the EDT messages for the CP solution so the names reflect better the purpose of the procedure.

2.2 DedicatedInfoNAS in RRCConnectionSetupComplete in fallback scenario

In the CP solution, the NAS PDU containing the Initial UE message is sent in MSG3. Thus, when the eNB decide to fallback to the legacy procedure by sending RRCConnectionSetup in MSG4, RRC has no NAS PDU to include in RRCConnectionSetupComplete message, while the field dedicatedInfoNAS is mandatory in the message. See extract from RRC below for NB-IoT.
RRCConnectionSetupComplete-NB-r13-IEs ::= SEQUENCE {


selectedPLMN-Identity-r13



INTEGER (1..maxPLMN-r11),


s-TMSI-r13







S-TMSI






OPTIONAL,


registeredMME-r13





RegisteredMME




OPTIONAL,


dedicatedInfoNAS-r13




DedicatedInfoNAS,

attachWithoutPDN-Connectivity-r13

ENUMERATED {true}



OPTIONAL,


up-CIoT-EPS-Optimisation-r13


ENUMERATED {true} 



OPTIONAL,


lateNonCriticalExtension



OCTET STRING




OPTIONAL,


nonCriticalExtension




RRCConnectionSetupComplete-NB-v1430-IEs
OPTIONAL

}

DedicatedInfoNAS ::=

OCTET STRING

As can be seen, the type DedicatedInfoNAS is defined as an OCTET STRING, thus there is no problem for RRC to set the field to a zero-length octet string. 
On the hand, the running CR indicates to set the dedicatedInfoNAS to an empty container, which is ambiguous as the first octet should be the length. So it is proposed to change the wording from ‘an empty container’ to ‘a zero-length octet string’.
In addition, in the running CR, the setting of DedicatedInfoNAS for EDT is clarified in a NOTE. We think it should be a requirement as this is a new behaviour in the UE. Without any clarification, the UE will send again the NAS PDU sent in MSG3 as this is what has been provided by the upon layers when triggering the establishment procedure and that the procedure is still ongoing.
Proposal 2: Change NOTE2 to a requirement and refer to a zero-length octet string rather than an empty container.

	2>
if RRCConnectionSetup is received in response to an RRCEarlyDataRequest:

3>
set the dedicatedInfoNAS to a zero-length octet string;

2>
else:


32>
set the dedicatedInfoNAS to include the information received from upper layers;

NOTE 2:
If the RRCConnectionSetup is received in response to an RRCEarlyDataRequest, the dedicatedInfoNAS is set to an empty container.


2.3 MAC-ContentionResolutionTimer & T300
During the e-mail discussion preceding RAN2#100 [7], there were questions whether mac-ContentionResolution timer should be extended for EDT, the reasoning being that data was sent in MSG3 and MSG4 over the air interface and the network interfaces, adding delays to the overall procedure. 
Note that RAN2 has asked SA2, CT1 and RAN3 in [3] about the timings over the network interfaces, but no feedback has not been received yet. 

Currently, following values are specified for MAC-ContentionResolutionTimer for NB-IoT and eMTC:
· NB-IoT

ENUMERATED {pp1, pp2, pp3, pp4, pp8, pp16, pp32, pp64} with a maximum of 10.24s
· eMTC

ENUMERATED {sf80, sf100, sf120, sf160, sf200, sf240, sf480, sf960}

In the legacy procedure, the MAC entity starts mac-ContentionResolutionTimer after completing transmission of MSG3 and stops the timer upon successful reception of the PDCCH scheduling MSG4 transmission (see [8]), thus there is no impact incurred by the actual transmission of the data over the air interface.  
The transmission delays over the network interfaces are negligible in comparison to those over the air interface. Also, there is no big difference in terms of amount of signalling exchanged over the network interfaces compared to the legacy procedure where the eNB retrieves the UE context from the MME or the eNB before MSG4. So the motivation to increase the timer would be the response time of the application server, when there is a response.
Note that SA2 has indicated in [6] that any pending data in the MME or the SGW will be sent immediately to the eNB when S1-U is resumed so this should not incur significant delay. For any response data, SA2 has assumed that eNB will run a guard timer and move the UE to RRC_Connected mode if no response is received in time while recommending to make usage of any potential information from the UE (e.g. RAI) to minimise the time in connected mode. Finally it is already possible for eMTC and could be possible for NB-IoT if needed to use early contention resolution when a response message is expected but not received yet and the coverage conditions, i.e. extended coverage, require a large number of repetitions for PDCCH, although this is not preferred as it adds to the power consumption. 
Based on the above analysis, we propose to wait for an answer from CT1/RAN3 on the timings on the network interface before deciding to extend the timer.

Proposal 3: Wait for an answer from CT1/RAN3 on the timings on the network interface before deciding to extend mac-ContentionResolutionTimer.
During the e-mail discussion, there were questions whether T300 timer was needed at all, should be replaced with another timer or should be extended for EDT. The motivation is that the EDT procedure will take a longer time as data are transmitted in MSG3 and MSG4.
Currently, following values are defined for T300 for NB-IoT and eMTC:

· NB-IoT

ENUMERATED {ms2500, ms4000, ms6000, ms10000, ms15000, ms25000, ms40000, ms60000}

· eMTC

ENUMERATED {ms100, ms200, ms300, ms400, ms600, ms1000, ms1500, ms2000, m2500, ms3000, ms3500, ms4000, ms5000, ms6000, ms8000, ms10000}

Based on the discussion above for mac-ContentionResolutionTimer, it seems quite clear that the EDT procedure will be significantly longer than the RRC connection establishment / resume procedure so T300 is not long enough. 
On the other hand, we think that having a guard timer similar to T300 timer is necessary to allow for multiple RACH attempts, potential collisions and retransmissions but still stop at some point, e.g. if contention resolution has failed multiple times or if MSG4 is not received. 
We do not see any problem with extending the value of T300 as there is no NAS procedure timer associated to the Service Request procedure. However, we need to consider the case where the UE falls back to the legacy RRCConnectionRequest message as an extended T300 timer may cause the UE to be hanging in RRC waiting for T300 to expire while all RACH attempts have been exhausted in MAC.
Proposal 4: Introduce a ‘T300-EDT’ timer for EDT with an extended range compared to T300 which is used instead of T300 when EDT is initiated. The UE switches to T300 when it falls back to the legacy connection establishment / resumption procedure. 
2.4 Measurements for cell reselection during the EDT procedure

In the RRC running CR [3], there is an Editor’s note on whether the UE shall continue cell re-selection related measurements as well as cell re-selection evaluation and perform cell re-selection when the conditions are fulfilled as per legacy procedure. 
In legacy, UE continues cell re-selection related measurements and evaluation after sending RRCConnectionRequest/ RRCConnectionResumeRequest until it receives RRCConnectionSetup/ RRCConnectionResume message. On the other hand, in NB-IoT, measurements in connected mode are not supported due to the low complexity UEs being not able to perform neighbouring cell measurements in parallel of NPDCCH/NPDSCH reception or NPRACH/ NPUSCH transmission. 

The EDT procedure involves sending / receiving data in MSG3/MSG4 and is very similar to connected mode. Even assuming that the UE would be able to perform measurements during the intervals where it is not transmitting, receiving or monitoring PDCCH, aborting the EDT procedure because there is a better cell will be counterproductive as it will require the UE to restart from scratch in the new cell. This is a very similar to the discussions that were held about mobility enhancements in Rel-14 and where it was agreed not to introduce measurements in connected mode and continue in the current cell unless radio link failure occurs.
Proposal 5: The UE does not continue cell re-selection related measurements as well as cell re-selection evaluation or perform cell re-selection during the EDT procedure.
Once the EDT procedure is complete, the UE performs cell selection when leaving RRC_CONNECTED state as performed in legacy upon entering RRC-IDLE mode. 

Proposal 6: Upon reception of RRCEarlyDataResponse, RRCConnectionRelease or RRCConnectionReject in response to RRCEarlyDataRequest or RRCConnectionResumeRequest for EDT, the UE performs cell selection when leaving RRC_CONNECTED state specified in TS 36.304 same as in legacy upon entering RRC-IDLE mode(N)PRACH resources for EDT.
2.5 NPRACH resources configuration for EDT 

In the NB-IoT CRs [3] and [9], there are two FFSs related to the configuration of the NPRACH resources for EDT on anchor and non-anchor carriers:

	Editor’s Note: FFS whether delta configuration for nprach-ParametersList-EDT should be relative to nprach-ParametersList-EDT or to nprach-ParametersList on the anchor carrier


	Editor’s note: It is FFS how the details of the PRACH configuration for EDT looks like for anchor and non-anchor carriers.


In legacy, there can be up to 3 NPRACH resources per carrier. On the anchor carrier, there is a NPRACH resource for each configured CE level while it is optional to configure a NPRACH resource for a given CE level on a non-anchor carrier.
As RAN2 has agreed that the PRACH resource pool for EDT indication was a separate pool from the PRACH resource pool for legacy, we think that it should also be possible to configure up to 3 NPRACH resources (one for each configured CEL) per carrier. However, we do not see the need to mandate to have one NPRACH resource for each configured CEL on the anchor carrier as UEs supporting EDT should also support multi-carrier PRACH.
Proposal 7: For NB-IoT, up to 3 NPRACH resources for EDT (one for each configured CEL) can be configured per carrier. 

Proposal 8: For NB-IoT, on any carrier (anchor or non-anchor), it is possible to configure 0, 1, 2 or 3 NPRACH resources for EDT.
Proposal 8, if agreed, makes it impossible to use the NPRACH resource for EDT on the anchor carrier as the reference for delta configuration, so we propose to use the legacy NPRACH resource on the anchor carrier. 

Proposal 9: For NB-IoT, delta configuration for nprach-ParametersList-EDT is relative to nprach-ParametersList on the anchor carrier.

Finally, the ASN definition of NPRACH-ConfigSIB-NB-V15xy is not correct as there should be no ‘…’ at this level. Also, there is no benefit in adding an intermediate sequence nprach-Config-EDT-r15 and this should be avoided.  

Proposal 10: Correct the definition of NPRACH-ConfigSIB-NB-V15xy and agree that support of EDT by the eNB is indicated by signalling of nprach_TBS_InfoList-EDT.
NPRACH-ConfigSIB-NB-v15xy ::=

SEQUENCE {


nprach-Config-EDT-r15



SEQUENCE {



nprach-TBS-InfoList-EDT-r15


NPRACH-TBS-InfoList-EDT-NB-r15,



nprach-ParametersList-EDT-r15

SEQUENCE {




nprach-ParametersList-r15


NPRACH-ParametersList-NB-r13,



nprach-NumCBRA-StartSubcarriers-r15
NPRACH-ParametersList-NB-v1330



}
OPTIONAL,
-- Need OR


...


}

}

2.6 UE capability
Early data transmission is a new feature in Rel-15 introducing optimisations for power consumption and should be optional at the UE and the eNB. 
For the eNB side, it has already been agreed that support at the eNB will be indicated in system information by the configuration of (N)PRACH resources for EDT and that there is only one set of (N)PRACH resources for the control plane and the user plane solution. However, it does not necessary imply that the eNB supports EDT for both the control plane and user plane solution.
In NB-IoT, support of the control plane solution is mandatory at the UE and the eNB while support of the user plane solution is optional for both the UE and eNB. There is no indication of eNB support of the user plane solution in system information. If the UE initiates the RRC connection resume procedure and the eNB does not support, the eNB triggers fallback to the RCC Connection establishment procedure.  Following a similar approach, we propose that support of EDT for the control plane solution is implicit by the configuration of NPRACH resources for EDT. However, for the user plane solution, we propose an additional indication in system information as triggering fallback to the connection establishment procedure would imply wasting the UE power and the radio resource used for MSG3 trans/mission.
Proposal 11: For NB-IoT, eNB support of EDT for the control plane solution is implicit by the signalling of NPRACH resources for EDT. An indication in SIB2-NB indicates additional support of EDT for the user plane solution.
In eMTC, support of the control plane and user plane CIoT EPS optimisations are both optional at the UE and at the eNB. Support at the eNB is signalled in SIB2 per PLMN as it also requires support at the MME. Following a similar approach, we propose that support of EDT for the control plane solution and support of EDT for the user plane solution are indicated separately in SIB2 when the PRACH resources for EDT are signalled. However, we do not see the need to signal this per PLMN as we expect that explicit support of EDT at the MME is not necessary.

Proposal 12: For eMTC, two separate indications in SIB2 indicate support of EDT for the control plane solution and the user plane solution respectively when the PRACH resources for EDT are signalled.

At the UE side, for the control plane solution, the UE can decide autonomously to use EDT, this does not require any previous knowledge at the eNB. Thus no capability signalling is needed.
On the other hand, for the user plane solution, the UE needs to have been configured with a NCC for EDT during the previous connection, thus eNB needs to be aware of the UE capability.
Proposal 13: Support of EDT for the Control plane solution is optional at the UE without capability signalling.

Proposal 14: Support of EDT for the user plane solution is optional at the UE with capability signalling.

3 Conclusion
In this document we have discussed the FFSs related to the CP solution or common to both CP and UP solutions and made the following proposals:
Proposal 1: RAN2 to consider naming the EDT messages for the CP solution so the names reflect better the purpose of the procedure.

Proposal 2: Change NOTE2 to a requirement and refer to a zero-length octet string rather than an empty container.
Proposal 3: Wait for an answer from CT1/RAN3 on the timings on the network interface before deciding to extend mac-ContentionResolutionTimer.
Proposal 4: Introduce a ‘T300-EDT’ timer for EDT with an extended range compared to T300 which is used instead of T300 when EDT is initiated. The UE switches to T300 when it falls back to the legacy connection establishment / resumption procedure. 

Proposal 5: The UE does not continue cell re-selection related measurements as well as cell re-selection evaluation or perform cell re-selection during the EDT procedure.

Proposal 6: Upon reception of RRCEarlyDataResponse, RRCConnectionRelease or RRCConnectionReject in response to RRCEarlyDataRequest or RRCConnectionResumeRequest for EDT, the UE performs cell selection when leaving RRC_CONNECTED state specified in TS 36.304 same as in legacy upon entering RRC-IDLE mode(N)PRACH resources for EDT.
Proposal 7: For NB-IoT, up to 3 NPRACH resources for EDT (one for each configured CEL) can be configured per carrier. 

Proposal 8: For NB-IoT, on any carrier (anchor or non-anchor), it is possible to configure 0, 1, 2 or 3 NPRACH resources for EDT.
Proposal 9: For NB-IoT, delta configuration for nprach-ParametersList-EDT is relative to nprach-ParametersList on the anchor carrier.

Proposal 10: Correct the definition of NPRACH-ConfigSIB-NB-V15xy and agree that support of EDT by the eNB is indicated by signalling of nprach_TBS_InfoList-EDT
Proposal 11: For NB-IoT, eNB support of EDT for the control plane solution is implicit by the signalling of NPRACH resources for EDT. An indication in SIB2-NB indicates additional support of EDT for the user plane solution.
Proposal 12: For eMTC, two separate indications in SIB2 indicate support of EDT for the control plane solution and the user plane solution respectively when the PRACH resources for EDT are signalled.

Proposal 13: Support of EDT for the Control plane solution is optional at the UE without capability signalling.

Proposal 14: Support of EDT for the user plane solution is optional at the UE with capability signalling.
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