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1 Introduction

The early data transmission topic is one of the objectives included in eFeMTC and FeNB-IoT WIs [1] [2]. In the RAN2 # 101bis meeting, following agreements were made.

	Agreements 
- NAS layer does not need to indicate an intention to use EDT when requesting the establishment/resumption of a connection and the decision to use EDT is taken by the AS layer.

- Only the following establishment causes apply to EDT: mo-Data, mo-ExceptionData (NB-IoT only) and delayTolerant with call type ‘originating calls’.

- If EDT has been triggered the UE shall not send BSR in Msg3, i.e. the eNB may assume that there is no data to follow in the UL, which means that BSR is equal to 0 implicitly.

- RRCConnectionReject can be a response to RRCConnectionResumeRequest for EDT and it indicates unsuccessful delivery of the UL data.

- RAN2 does not intend to capture the behaviour regarding cell reselection during EDT, i.e. up to UE implementation.

- dedicatedInfoNAS in RRCConnectionSetupComplete in response to RRCEarlyDataRequest is always set to a zero-length octet string. This will be captured in the normative text.

- dedicatedInfoNAS is always included in RRCConnectionSetupComplete in response to RRCConnectionResumeRequest for EDT.

- T300, T302, T303, T305, T306, T308, T320 and T322 are stopped upon reception of RRCEarlyDataComplete.

- releaseCause is not included in RRCEarlyDataComplete. “Other” is implicit.

- For eMTC, it should be possible for the network to configure both ‘separate PRACH resources, i.e. time and frequency, per CE level for EDT and non-EDT’ and/or ‘separate preambles within a RACH resource for EDT and non-EDT’.

- For NB-IoT, it should be possible to configure 0, 1, 2 or 3 NPRACH resources for EDT on any carrier, i.e. anchor and/or non-anchor carriers. All carriers should have equal probability.

- For NB-IoT and eMTC, it should be possible not to configure PRACH resources for EDT for some of the CE levels/NPRACH repetition levels.

- Delta configuration for nprach-ParametersList-EDT on any carrier is relative to nprach-ParametersList if any on the same carrier, otherwise nprach-ParametersList on the anchor carrier.

- For NB-IoT, a new mac-ContentionResolutionTimer is introduced for EDT with the legacy value range.

- For eMTC, a new mac-ContentionResolutionTimer is introduced for EDT with an extended value range. The value range is FFS.

- A new T300 is introduced for EDT with an extended value range.


In this contribution, we discuss the details on addressing the RRC modelling (MAC/RRC interaction) in case of fallback to legacy.
2 Discussion
2.1 Fallback scenarios 

One condition to initiate EDT is that the size of data (UL data plus RRC message for Msg3) needs to be equal to or smaller than the maximum TBS broadcast in system information for the selected CE level. Another condition is that the UL grant received in RAR corresponds to the maximum TBS broadcast in the system information for the selection CE level.

Scenario 1: Size of Msg3 is larger than maximum TBS broadcast in system information for the selected CE level during the RACH procedure
Suppose UE starts the RACH procedure for EDT in CE level x but UE fails to receive any response corresponding to the transmitted EDT Random Access Preamble during the Random Access Response window. In case UE satisfies the condition (PREAMBLE_TRANSMISSION_COUNTER_CE = maxNumPreambleAttemptCE for the corresponding enhanced coverage level + 1), UE considers to be in the next CE level for the next preamble transmission attempt.

In this case, it is possible that the size of Msg3 in the current Msg3 buffer or potential size of UL data plus RRC message could be larger than the TBS broadcast in the system information for the selected next CE level (x+1). This would mean UE now does not meet the condition to initiate the EDT. The UE has to indicate the upper layer that selected CE level has changed and EDT condition has to be re-evaluated. If the condition is not satisfied, RRC can indicate the lower layer not to initiate EDT. It is also possible that MAC layer re-valuates the EDT condition and indicate RRC that EDT would not be used.
It is possible that the CE level is changed during the preamble transmission attempts after the contention resolution has failed. In UP solution, this would mean that Msg3 buffer contains a PDU which contains the SDU in CCCH multiplexed with the SDU in DTCH (i.e., at least one successfully received Random Access Response within this Random Access procedure or Msg3 buffer is not empty). As legacy Msg3 transmission is in CCCH (i.e., RLC TM mode), a new RRCConnectionResumeRequest message is required for the next attempt in preamble transmission in case of fallback to legacy.

Similarly in CP solution, the UE has to flush the Msg3 buffer for any data. If the UL data is still available for transmission, a new RRCConnectionRequest message is required for the next attempt in preamble transmission.

Scenario 2: UL grant received in RAR is for legacy Msg3

Let us assume that UE has initiated the EDT and transmitted the preamble associated with EDT but the UL grant received in RAR is for legacy Msg3. In this case, UE has to fallback to legacy RRC connection establishment/resume procedure.

Observation 1. A UE initiating EDT has to fallback to legacy when the Msg3 size becomes larger than maximum TBS broadcast in system information for the selected next CE level during Random Access Procedure or UL grant received in RAR for EDT is for legacy Msg3.

2.2 RRC modelling for CP and UP solutions

For both fallback scenarios, there are two options available.

Option # 1: RRC always constructs two RRC messages for Msg3, one for legacy Msg3 and other for EDT Msg3.

In this option, RRC has to construct two RRC messages in parallel and store in CCCH buffer. If EDT grant is received in RAR, the multiplexing and assembly entity obtains new correct MAC PDU from the EDT RRC message in CCCH for Msg3 buffer. In this case, UE has to keep storing the other legacy RRC message for later use in case of fallback in both CP solution and UP solution. When UE detects EDT cannot be used, it flushes Msg3 buffer, if any. When legacy grant in RAR is received, MAC asks multiplexing and assembly entity to obtain new correct MAC PDU from the data in CCCH for legacy Msg3. In UP solution, even if legacy RRCConnectionResumeRequest message is used for EDT, another copy of RRCConnectionResumeRequest message is still needed for fallback if multiplexing of CCCH and DTCH was already done. It continues the RACH from the point where it detected the EDT problem.
The benefit of this option is that UE does not have to wait until RRC constructs new RRC message to start the preamble transmission or use the legacy UL grant received in RAR. It also does not need to restart the RACH procedure. Also, handling of two RRC messages can be left to UE implementation.
Option # 2: RRC constructs new RRC message for Msg3 upon indication from lower layers that EDT cannot be initiated.

In this option, RRC may revert to initial state of RACH on the detection that EDT cannot be used. UE may have to restart the RACH procedure and waste any UL grant received for legacy Msg3. It is because by the time RRC sends new legacy RRC message for Msg3 to MAC, it may be too late to use the received legacy grant.
Observation 2. Constructing two RRC messages (one for legacy Msg3 and other for EDT Msg3) has complexity of maintaining two RRC messages in the CCCH, however, this can be left to UE implementation. But it has the benefit of using the provided legacy UL grant in RAR and continuing RA procedure from the point where the EDT problem was detected.
Proposal 1. For UE initiating EDT for CP and UP solutions, RRC constructs two RRC messages one for legacy Msg3 and other for EDT Msg3. Constructing and handling of two RRC messages is left to UE implementation.
Case # 1: CP solution

When the fallback to legacy is due to change in CE level and Msg3 buffer is empty, there is no significant difference between option # 1 and option # 2 because in both cases, UE has to select the legacy PRACH and transmit preamble to request the legacy UL grant. The CE level change when Msg3 buffer is not empty (i.e., after RA response is received in the CE level) is very rare event.
When fallback to legacy is due to the grant received in RAR for Msg3, then UE has opportunity to utilize the grant to send the legacy RRC message with option # 1. MAC entity can indicate to the RRC that EDT cannot be initiated for T300 adjustment. If the NAS PDU is available for transmission, MAC instructs the multiplexing and assembly entity to obtain MAC PDU from the legacy RRC message in CCCH to store in Msg3 buffer to transmit. 

Observation 3. In case of fallback to legacy in CP solution, Msg3 buffer is flushed and an indication is sent to RRC that EDT is not used, MAC obtains the MAC PDU from multiplexing and assembly entity for the legacy Msg3 and continues the RA procedure.
Case # 2: UP solution

For UP solution, RRC has to perform additional tasks during the construction of RRCConnectionResumeRequest message for EDT (for example, resumption of SRBs, DRBs, PDCP and derivation of AS security keys) [3]. Especially the derivation of AS security keys multiple times is also not desirable (i.e., Derivation of keys before Msg3 in EDT initiation and derivation of keys after reception of Msg4 in fallback to legacy).
Therefore, when UE fallbacks to legacy procedure due to change in CE level, UE has to choose the legacy PRACH resource. In this case, eNB assume legacy RRC connection resume procedure has started and provides NCC in the Msg4 assuming UE has not activated the AS security yet. In this case, UE just follows the legacy resume procedure to receive Msg4 except it ignores the NCC and keeps using existing AS keys. It is because the NCC provided will be same as the NCC provided in the previous suspend procedure. 
When UE fallbacks to legacy connection procedure due to legacy UL grant received in RAR, UE can obtain the MAC PDU from the legacy RRCConnectionResumeRequest message for legacy Msg3 transmission. In this case also, UE can ignore the NCC provided in Msg4 and keep using the existing AS keys.

Observation 4. In case of fallback to legacy in UP solution, similar to CP solution, Msg3 buffer is flushed, an indication is sent to RRC that EDT is not used, MAC obtains the MAC PDU from multiplexing and assembly entity for the legacy Msg3 and continues the RA procedure and using the AS security keys.
Based on the above observation, for both CP solution and UP solution, a common mechanism can be applied.

Proposal 2. In case of fallback to legacy in both CP and UP solution, Msg3 buffer is flushed and an indication is sent to RRC that EDT is not used. 

Proposal 3. MAC instructs multiplexing and assembly entity to obtain correct MAC PDU from the legacy RRC message in CCCH for the legacy Msg3 and continues the RA procedure.

Proposal 4. In UP solution, UE follows legacy procedure to receive Msg4, ignores NCC provided in legacy Msg4 and continues using the AS security keys. 
3 Conclusion

The observations captured are the following:
Observation 1.
A UE initiating EDT has to fallback to legacy when the Msg3 size becomes larger than maximum TBS broadcast in system information for the selected next CE level during Random Access Procedure or UL grant received in RAR for EDT is for legacy Msg3.
Observation 2.
Constructing two RRC messages (one for legacy Msg3 and other for EDT Msg3) has complexity of maintaining two RRC messages in the CCCH, however, this can be left to UE implementation. But it has the benefit of using the provided legacy UL grant in RAR and continuing RA procedure from the point where the EDT problem was detected.
Observation 3.
In case of fallback to legacy in CP solution, Msg3 buffer is flushed and an indication is sent to RRC that EDT is not used, MAC obtains the MAC PDU from multiplexing and assembly entity for the legacy Msg3 and continues the RA procedure.
Observation 4.
In case of fallback to legacy in UP solution, similar to CP solution, Msg3 buffer is flushed, an indication is sent to RRC that EDT is not used, MAC obtains the MAC PDU from multiplexing and assembly entity for the legacy Msg3 and continues the RA procedure and using the AS security keys.

The proposal captured are the following:
Proposal 1.
For UE initiating EDT for CP and UP solutions, RRC constructs two RRC messages one for legacy Msg3 and other for EDT Msg3. Constructing and handling of two RRC messages is left to UE implementation.
Proposal 2.
In case of fallback to legacy in both CP and UP solution, Msg3 buffer is flushed and an indication is sent to RRC that EDT is not used.
Proposal 3.
MAC instructs multiplexing and assembly entity to obtain correct MAC PDU from the legacy RRC message in CCCH for the legacy Msg3 and continues the RA procedure.
Proposal 4.
In UP solution, UE follows legacy procedure to receive Msg4, ignores NCC provided in legacy Msg4 and continues using the AS security keys.
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