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[bookmark: _Ref504493148]Introduction
In recent RAN2 meetings, significant progress has been made for early data transmission (EDT), both UP and CP solutions. Most recent agreements related to the transmission of Msg3 are listed below:
	Agreements from RAN2#100:
· None of the parameters currently provided in MSG5 are included in Msg3 for EDT.
· FFS how to address the padding issue in Msg3.
· UE is in RRC_IDLE when transmitting Msg3 for EDT, same as legacy (for both UP and CP solution).
· For CP solution, new RRC message is introduced for Msg3.
· For UP solution, legacy RRCConnectionResumeRequest message is used in Msg3.
Agreements RAN2#101:
· The minimum possible TB size is assumed to be around 320 bits based on the values in (N)PUSCH tables.
· If new UL grant format is defined, it does not need to be backwards compatible.
· Same RAR format is used for EDT UEs.
· The EDT UL grant shall always allow the max TB size broadcasted in system information unless the provided UL grant is for legacy Msg3.
· The EDT UL grant shall allow the UE to choose an appropriate TB size, MCS, repetitions, and RUs (for NB-IoT) from a set of TB sizes provided based on the UL data. It is FFS how the set of possible TB sizes, MCS, repetitions, and RUs (for NB-IoT) is provided, e.g. hardcoded in the specs. This is pending RAN1 confirmation.
· RAN2 assumes that 8 possible candidate values for the maximum TB size broadcasted in system information. RAN2 assumes that for each maximum TB size broadcasted, up to 4 possible TB sizes, i.e. blind decoding options, are allowed.
· For eMTC, the reserved bit in MAC RAR can be used for the EDT feature in eMTC only if it is necessary.
· Send an LS reply to RAN1 capturing the agreements above including the agreement on the maximum and minimum possible TB sizes and ask RAN1 for confirmation.



Different remaining issues for support of EDT CP and UP solutions are discussed in an email [2]. Among other remaining topics, this paper discusses in detail how to handle Msg3 with early UL data transmission in case the UE receives a UL grant that does not include a TB size required to transmit the Msg3.
[bookmark: _Ref178064866]Discussion
Background
Currently, as specified in TS 36.321, the UE is provided with an UL grant in Msg2, i.e., RAR message to transmit Msg3 that includes, for example, the RRCConnectionRequest in Rel-13 CP solution or the RRCConnectionResumeRequest in Rel-13 Suspend/Resume solution. The MAC sub-layer builds Msg3 PDU based on data from CCCH logical channel submitted by the RLC sub-layer and then stores it in the Msg3 buffer. The MAC entity obtains the PDU from Msg3 buffer and instructs the PHY layer to generate a transmission of Msg3 according to the received UL grant. It is important to note that arrival of the (SRB0) RRC PDU to layer 2 triggers the MAC protocol to do random access, i.e., the (SRB0) RRC PDU is submitted to lower layers before MAC layer gets the RAR. 
For early data transmission, it was agreed in RAN2#101 that eNB provides a EDT UL grant with multiple TB sizes including the TB size broadcasted in system information, or then a legacy-sized grant. It is FFS how the set of possible TB sizes, MCS, repetitions, and RUs is provided and is pending RAN1 confirmation [4]. Thus, it is possible that the potential Msg3 MAC PDU with all UL data in buffer is larger than the UL grant provided in Msg2.
Another related issue is the handling of Msg3 in subsequent attempts including Msg3 retransmissions and subsequent RA attempts. As per legacy, once the UE has transmitted Msg3, it starts mac-ContentionResolutionTimer and monitors the (N)PDCCH for receiving either Msg4 or a UL grant for retransmission of Msg3. In the former case, one possibility is that the UE receives Msg4 but the contention resolution is considered unsuccessful. In this case, the UE makes a new RA attempt but the Msg3 buffer remains unchanged. In the subsequent RA attempt(s), the UE obtains the existing Msg3 MAC PDU from Msg3 buffer for transmission rather than building a new one. In the latter case, failures may occur in Msg3 (re)transmissions and the eNB provides the UE with a grant for retransmission via (N)PDCCH.
Due to the varying nature of resource availability/constraints, the eNB may need to vary the TB sizes between different RA attempts. If the EDT UL grant provided for Msg3 transmission in a subsequent RA attempt includes a different set of TB sizes than that for the original transmission of Msg3, transmission of the PDU currently in the Msg3 buffer may not be feasible which may lead to repeated failures and need to retry from higher layers. Note that this includes the case where there is a change in maximum TB size broadcasted in SI. However, note also that this issue does not exist in case the new EDT UL grant includes the TB size, which was originally used for previous transmission of Msg3.  It would be beneficial to specify UE behaviour which makes more efficient use of provided resources. Note that in legacy, since the provided UL grant corresponds to the size of legacy Msg3, the UE does not need to rebuild Msg3 PDU.
In the following, we discuss the aforementioned cases of first Msg3 transmission and subsequent Msg3 transmission, respectively, and present our view on possible solutions for both CP and UP EDT solutions. 
First Msg3 transmission
As recently agreed in RAN2#101 meeting, the eNB can decide to provide the UE a legacy UL grant in response to a EDT Msg1, i.e., there is no guarantee that the UL grant(s) provided in Msg2 will always be sufficient for Msg3 including data. In CP solution, data to be transmitted in Msg3 should have been included in the RRC message/CCCH SDU before legacy UL grant is received. Whereas, in UP solution, the RRCConnectionResumeRequest included in the submitted CCCH SDU may be different from a legacy resume request, e.g., with a longer (32 bits) shortResumeMAC-I, as recommended by SA3 [5]. In both CP and UP solutions, the legacy UL grant may not sufficient for the CCCH SDU. However, if the UE receives a legacy UL grant in response to a EDT Msg1, it remains to be specified how the UE rebuilds the Msg3 PDU to adapt to the legacy UL grant.

[bookmark: _Toc505092653][bookmark: _Toc510750649]In both UP and CP solutions, if the UE receives a legacy UL grant in response to a EDT Msg1, it is not decided how the UE should rebuild Msg3.
It is therefore proposed that, the RRC message/CCCH SDU is rebuilt based on legacy RRCConnectionRequest (i.e., without dedicatedInfoNAS) in case of CP solution. In case of UP solution, it is proposed that the RRCConnectionResumeRequest is rebuilt to fit the granted legacy TB size. Note that this does not mean the legacy (Rel-13) RRCConnectionResumeRequest should be used in this case. Whether, in practice, this is done by means of RRC producing and submitting two versions of the RRC message and lets lower layers select which one fits in the granted TBS or RRC rebuilds the RRC message on request by lower layers may not need to be specified in detail. It is important however to clarify that the UE should utilise the provided UL grant to avoid resource waste. From a modelling perspective it may be sufficient to capture that if the CCCH SDU/RRC PDU with early data is too large for Msg3, the UE shall rebuild and replace the CCCH SDU/RRC PDU with a legacy RRC message in Msg3, i.e., RRCConnectionRequest and RRCConnectionResumeRequest in CP and UP solution, respectively.

[bookmark: _Toc505092690][bookmark: _Toc505600797][bookmark: _Toc510750646]For CP solution, if the UE receives a legacy UL grant in response to a EDT Msg1, the UE shall rebuild and replace the CCCH SDU/RRC PDU the legacy RRCConnectionRequest.
For UP solution, in this case, by the time the UE receives the legacy UL grant, the RRCConnectionResumeRequest intended to be sent multiplexed with UL data in Msg3 has been built. It is preferred that the UE shall keep this RRCConnectionResumeRequest message rather than falling back to build a Rel-13 RRCConnectionResumeRequest message. In case the legacy UL grant is not sufficient to accommodate this, e.g., due to 32 bits shortResumeMAC-I [3], the message can be shortened.  
[bookmark: _Toc510750647]For UP solution, if the UE receives a legacy UL grant in response to a EDT Msg1, the UE shall not multiplex UL data in Msg3. If needed, the UE shall rebuild the RRCConnectionResumeRequest to fit the legacy grant.
[bookmark: _Ref498530821]Subsequent Msg3 transmissions
First, we note that currently when the UE receives an UL grant that does not correspond to the Msg3 PDU from Msg3 buffer, the UE behaviour is not specified, which may lead to failure to establish the RRC connection or failure to resume the RRC connection and restart the connection establishment procedure and/or RA procedure.

[bookmark: _Toc505092655][bookmark: _Toc510750650]For both UP and CP solutions, when UE receives a UL grant which does not fit the content of Msg3 buffer, its behaviour is not specified.

A solution is needed for both UP and CP solutions to allow the UE to continue the RA procedure using the provided EDT UL grant rather than starting the whole RA procedure over again. Given that the EDT UL grant always includes the max TB size, the UE should transmit UL data in Msg3 using the provided grant.
It has been agreed that the EDT UL grant has multiple (up to 4) TB sizes, to use UL grant in this case, the UE needs to rebuild Msg3 MAC PDU. To improve resource utilization, it is proposed that the UE shall select the most appropriate TB size, i.e., the smallest possible size that can accommodate the rebuilt Msg3. The newly built Msg3 PDU is used to replace the content of Msg3 buffer for (re)transmission.

[bookmark: _Toc510750648]For both UP and CP solutions, if needed to match the provided EDT UL grant, the UE shall rebuild Msg3 using the smallest TB size that fits Msg3 with UL data. 
Conclusion
In section 2 we made the following observations:
Observation 1	In both UP and CP solutions, if the UE receives a legacy UL grant in response to a EDT Msg1, it is not decided how the UE should rebuild Msg3.
Observation 2	For both UP and CP solutions, when UE receives a UL grant which does not fit the content of Msg3 buffer, its behaviour is not specified.
[bookmark: _GoBack] 
Based on the discussion in section 2 we propose the following:

Proposal 1	For CP solution, if the UE receives a legacy UL grant in response to a EDT Msg1, the UE shall rebuild and replace the CCCH SDU/RRC PDU the legacy RRCConnectionRequest.
Proposal 2	For UP solution, if the UE receives a legacy UL grant in response to a EDT Msg1, the UE shall not multiplex UL data in Msg3. If needed, the UE shall rebuild the RRCConnectionResumeRequest to fit the legacy grant.
Proposal 3	For both UP and CP solutions, if needed to match the provided EDT UL grant, the UE shall rebuild Msg3 using the smallest TB size that fits Msg3 with UL data.
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