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[bookmark: _Ref504493148]Introduction
In recent RAN2 meetings, significant progress has been made for early data transmission (EDT). Most recent agreements related to CP solution are listed below:
	Agreements (RAN2#100):
· 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 maccontentionResolutionTimer 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 successful, 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.



There are, however, issues remained to be addressed for both UP and CP solutions, including some common aspects, and other UP-specific and CP-specific issues. In this contribution, we identify and discuss remaining issues for CP solution. We additionally cover T300 and mac-ContentionResolutionTimer and some aspects of Mobile Terminating case, which additionally apply to UP solution.
[bookmark: _Ref178064866]Discussion
Remaining FFSs
It is agreed that new RRC messages are used in Msg3 and Msg4 for the purpose of carrying UL and DL NAS data, respectively. In our view the message names should indicate that the procedure is related to RRC protocol and connection, where NAS data is transmitted piggybacked in the RRC messages. Thus we propose:

[bookmark: _Toc506525554][bookmark: _Toc505092547]For CP EDT, Msg3 is named ‘RRCConnectionRequestwithNASData‘ and Msg4 is named ‘RRCConnectionSetupwithNASData’ 

Regarding FFS for the case of legacy Msg5 when the network wants the UE to move to RRC_CONNECTED mode:
· 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.
From ASN.1 perspective, an empty mandatory IE, i.e., NAS container IE in the RRCConnectionSetupComplete is OK (octet string of size zero). Thus, no change is needed in case of legacy Msg5.

[bookmark: _Toc505092514][bookmark: _Toc506525555]NAS container in RRCConnectionSetupComplete is empty when the network moves UE to  RRC_CONNECTED mode after EDT in Msg3 .

There is an FFS for the need to include a releaseCause in the new RRC message in Msg4: 
· FFS whether releaseCause is included in the new Msg4.
In our view, this is not needed since the reception of the RRC message in Msg4 can be considered as an implicit indication for the RRC connection release.
[bookmark: _Toc505092515][bookmark: _Toc506525556]releaseCause is not included in the new Msg4 in CP solution for  EDT.
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[bookmark: _Ref504488826]Figure 1: Example of signaling flow with timers in CP solution 

Next, we present our view on the FFS regarding the need for changes to T300 and mac-ContentionResolutionTimer.
· FFS whether changes to T300 and mac-ContentionResolutionTimer are needed.
T300 is a timer maintained at RRC sub-layer. The UE starts timer T300 when it sends the RRCConnectionRequest or RRCConnectionResumeRequest. The timer is stopped when the UE receives a feedback from the eNB, e.g., the RRCConnectionSetup or RRCConnectionResume, respectively. If the timer T300 expires, the RRC shall inform upper layers about the failure to establish or resume the RRC connection or failure to resume the RRC connection with suspend indication, upon which the procedure ends.
When there is DL data in response to UL data in Msg3, the eNB needs to wait for DL data to be available before sending Msg4. In addition, the (re)transmission of Msg4 with DL data would take longer time than in legacy due to large transport block size and repetition. Thus, T300 may expire before Msg4 is ready for transmission. However, value of T300 is configurable and can be up to 10000 ms in case of LTE-M and up to 60000 ms in case of NB-IoT. Considering that the maximum number of repetitions in LTE-M is 2048 for PUSCH and PDSCH in CE Mode B, one uplink and one downlink transmission could take around 4 seconds at minimum, without any waiting or processing times, and without any failures in the transmissions requiring retransmission. Thus, we think configuration options for T300 should be increased at least for LTE-M.

[bookmark: _Toc506525557]Extend T300 for early data transmission, at least for LTE-M. FFS which values should be used.

The mac-ContentionResolutionTimer is maintained at MAC sub-layer. Currently, once the Msg3 is transmitted, the MAC entity monitors (N)PDCCH for possible reception of Msg4 or a UL grant for retransmission of Msg3. This activity lasts for mac-ContentionResolutionTimer time units. For BL/CE UEs, the timer is stopped on notification of PDCCH transmission from lower layers [6].In addition, it is restarted for every retransmission of Msg3.
When this timer expires, the UE discards the Temporary C-RNTI allocated in Msg2, indicates to upper layers a RA problem, and proceeds to the selection of preamble again, i.e., starting over RA procedure again. This timer has a value ranging from 960 ms in LTE-M and up to pp64 corresponding to 64*NPDCCH periods in NB-IoT. In addition, in NB-IoT, the value of mac-ContentionResolutionTimer considered by the UE is Min (signalled value x NPDCCH period, 10.24s). Based on above, longer values for mac-ContentionResolutionTimer may not be needed based on DL transmissions, as the DL transmission time of Msg4 over the air doesn’t need to be accounted for. 
However, there may be delay between Msg3 and Msg4 in EDT, especially if an application server is involved in the DL reply to early UL data. For NB-IoT, the timer can be configured up to 10.24 seconds, which may be enough. For LTE-M, 960 ms is probably too short for some use cases. 

[bookmark: _Toc505092517][bookmark: _Toc506525529]For NB-IoT, no change to mac-ContentionResolutionTimer is needed. 
[bookmark: _Toc506525558]For LTE-M, mac-ContentionResolutionTimer is extended. FFS on which values should be used. 
MT case
EDT is also considered for the mobile-terminated scenario, in which the network pages a UE for data transmission in the DL. First, to facilitate EDT-related operations in general and in the MT case, UE capability should include also the EDT capability so that the MME would be able to know the capability of a UE based on its S-TMSI.
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In case a EDT capable UE decides not to transmit UL data in Msg3, for example, due to no UL data in buffer, there is no need to indicate to the network in Msg1 its intention of using EDT. Instead, the eNB can retrieve the UE EDT capability from the MME and page the UE for EDT. This way, the system operates as per legacy in Msg1 and thus in Msg2 the network does not need to provide unnecessary large grant for Msg3. Note that this is applicable to early data transmission in both CP and UP solutions.
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[bookmark: _Toc498531715][bookmark: _Toc498537993]In addition, in CP solution, it is possible for the EDT-capable UE to decode a Msg4 with DL data without sending a EDT-type of Msg3 to avoid unnecessary waste of resources.
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Conclusion
In section 2 we made the following observations:
Observation 1	For NB-IoT, no change to mac-ContentionResolutionTimer is needed.
Observation 2	For MT traffic, the eNB may retrieve UE EDT capability from the MME before sending DL data in Msg4.
 
Based on the discussion in section 2 we propose the following:
Proposal 1	For CP EDT, Msg3 is named ‘RRCConnectionRequestwithNASData‘ and Msg4 is named ‘RRCConnectionSetupwithNASData’
Proposal 2	NAS container in RRCConnectionSetupComplete is empty when the network moves UE to  RRC_CONNECTED mode after EDT in Msg3 .
Proposal 3	releaseCause is not included in the new Msg4 in CP solution for  EDT.
Proposal 4	Extend T300 for early data transmission, at least for LTE-M. FFS which values should be used.
Proposal 5	For LTE-M, mac-ContentionResolutionTimer is extended. FFS on which values should be used.
Proposal 6	Extend UE capability to include EDT capability to facilitate EDT-related operations.
Proposal 7	For MT traffic (both CP and UP solutions), UE shall not indicate an intention for EDT if there is no early UL data to transmit in Msg3.
Proposal 8	For CP EDT in MT traffic, the UE shall send a legacy Msg3.
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