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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 at RAN2#99 and RAN2#99bis and significant progress was achieved. 

However, there are still many aspects that have not been discussed yet. 
In this document, we will discuss the impact of early data transmission on the RACH procedure.
2 Discussion
2.1 Random Access Preamble transmission
After a UE selects a random access resource for EDT, the UE will transmit the preamble using the selected RA resource. In legacy Rel-13 eMTC and NB-IoT, the preamble is transmitted with multiple repetitions in one attempt, which is defined by numRepetitionPerAttempt. If an attempt fails, the UE performs another attempt. The parameter maxNumPreambleAttemptCE indicates the maximum number of preamble transmission attempts per CEL. In case the number of preamble transmission attempts reach the number of maxNumPreambleAttemptCE, the UE continues in the next CEL. The same scheme can be used for preamble transmission for EDT, and then there will be no impact on current procedure as depicted in following Figure1. 
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Figure1 CEL ramping in EDT
Proposal1: Legacy procedure defined by numRepetitionPerAttempt, maxNumPreambleAttemptCE, preambleTransMax-CE is reused for RA preamble transmission for EDT.
2.2 Msg3 (re)transmission
In the following part, we discuss the first transmission and preamble-initiated retransmission in CP solution and UP solution respectively.
For CP solution, the first transmission is much simpler than UP solution as there is no segmentation issue. If the UL grant is large enough, Msg3 for EDT will be transmitted ; else, legacy MSG3 should be transmitted. This can be realised e.g. by a MAC indication to upper layer when the grant is not large enough for EDT. For the retransmission, there is the case where Msg3 including NAS PDU has been transmitted earlier, but the new UL grant is smaller. Thus, the buffered Msg3 cannot be retransmitted. Another case is when the UE changes CEL level and the maximum TBS broadcast for the new CEL in system information is smaller, then the buffered Msg3 cannot retransmitted either. One option is that MAC indicates the problem to upper layers that can then deliver the legacy RRC message to MAC and then MAC continue with the legacy procedure. The same problem also exists in UP solution. 

Proposal2: When MSG3 cannot be retransmitted because the UL grant for a RACH reattempt or the max TBS for the CEL level is smaller than the buffered MSG3, MAC notifies RRC that reverts to the legacy procedure. 
Additionally, before discussing the above issue in the UP solution, we need to discuss the support of segmentation, which may increase the complexity of UP solution. If segmentation is not supported in EDT, the same scheme as for the CP solution can be used. If segmentation is supported, things become complicated as listed below: 
· For the first transmission, if the size of UL grant is in-between the size of legacy UL grant and the size of MAC PDU including the entire UL data packet, the UE can send part of the UL data according to the UL grant. The remaining data will be sent after MSG4 as per the legacy procedure. If the UL grant is large enough to transmit the UL data, the UE will send the entire UL data in Msg3. 
· For the retransmission, the UE may receive a smaller UL grant than the previous UL grant. Then the UE cannot send the buffered Msg3 using the current UL grant. One option, in order to improve the spectral efficiency and use the smaller UL grant, is that every time the preamble transmission fails, the UE flushes the Msg3 buffer. Then every time the UE receives a UL grant, the UE should obtain the MAC PDU from the “Multiplexing and assembly” entity. Another option is to indicate the problem to the upper layer and let the upper layer decide. 
From above, it can be observed that segmentation increases the complexity significantly. However, if segmentation is not supported, it will degrade the spectral efficiency. In order to reduce the complexity and make the EDT procedure simple, we prefer not to support segmentation in the UP solution.
Proposal 3: Segmentation in the UP solution is not supported.
2.3 Contention Resolution
Currently, once Msg3 is transmitted, the MAC entity shall start or restart mac-ContentionResolutionTimer at each HARQ (re)transmission of the bundle in the subframe containing the last repetition of the corresponding PUSCH transmission as specified in [3]. When the timer is running, the UE monitors PDCCH and receives Contention Resolution. the MAC CE Contention Resolution can be multiplexed with the RRC message (e.g. RRCConnectionSetup or RRCConnectionResume) in legacy procedure. 
For early data transmission, there are two cases. In one case, there is a single DL data packet and in the other case there is no DL data packet. For the latter case, the eNB can be indicated that no DL data are expected by the UE via Msg3. Then eNB can send Contention Resolution and RRC message simultaneously as in legacy. If there is a DL data packet, the eNB has to wait for the DL data from MME or S-GW and the size of MSG4 will be larger, which may take some time so that mac-ContentionResolutionTimer expires. The simplest way to address the issue is to extend the timer, thus there is no impact on legacy procedure.
Proposal 4: Extend mac-ContentionResolutionTimer.
3 Conclusion 
In this paper, we discussed the RACH procedure in early data transmission and made the following proposals: 
Proposal 1: Legacy procedure defined by numRepetitionPerAttempt, maxNumPreambleAttemptCE, preambleTransMax-CE is reused for RA preamble transmission for EDT.

Proposal 2: When MSG3 cannot be retransmitted because the UL grant for a RACH reattempt or the max TBS for the CEL level is smaller than the buffered MSG3, MAC notifies RRC that reverts to the legacy procedure. 
Proposal 3: Segmentation in the UP solution is not supported.

Proposal 4: Extend mac-ContentionResolutionTimer.
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