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Introduction
During the last RAN2 #101bis meeting, many agreements for NB-IoT early data transmission (EDT) were made, but there is one open issue about RRC-MAC interaction needed for discussion:
[101bis#77][NB-IoT/eMTC] RRC-MAC interaction in EDT [Ericsson] [1]
· Intention: to progress the discussion and identify/address the open issues

[bookmark: _Ref178064866]In this contribution we proposed that both EDT Msg3 and legacy Msg3 can be created simultaneously for MAC Msg3 buffer and MAC entity delivers corresponding Msg3 based on provided UL grant in RAR. Also we discussed the detailed procedure and the benefits in this contribution. 
Discussions
RRC-MAC interaction for control plane NB-IoT
During RAN2#101 meeting, the following agreement was made:
=> The EDT UL grant shall always allow the max TB size broadcasted in system information unless the provided UL grant is for legacy Msg3.
Which means the UL grant in random access response (RAR) is either UL grant with max TBS, or UL grant with 88bits for legacy Msg3. However, it’s not clear how MAC entity deals with the EDT Msg3 in Msg3 buffer when the provided UL grant is for legacy Msg3. Because the EDT Msg3 (i.e. RRCEarlyDataRequest) cannot be transmitted on the UL grant, UE may flush Msg3 buffer and indicate to RRC entity to re-form a legacy Msg3 (i.e. RRCConnectionRequest). When the legacy Msg3 is delivered to Msg3 buffer, it will trigger UE to transmit random access preamble and re-start RACH procedure. 
Observation 1	During EDT procedure, when the provided UL grant is for legacy Msg3, the UE may flush Msg3 buffer and notify RRC entity to re-form a new Msg3 and this will re-start RACH procedure. 
This is not resource efficiency because the provided UL grant will be waste. To optimize the resource efficiency, it would be better not to trigger new RACH procedure when provided UL is for legacy Msg3. 
Proposal 1	During EDT procedure, RACH procedure shall not be re-start when provided UL grant in RAR is for legacy Msg3. 
To resolve the fall-back issue, we proposed RRC entity transmits two RRC messages to MAC entity that one is EDT Msg3 and the other is legacy Msg3. When the provided UL grant is for EDT Msg3, the MAC entity delivers the EDT Msg3. Otherwise, the legacy Msg3 is delivered. MAC entity may not need to notify RRC which Msg3 is transmitted because RRC will know after receiving Msg4. (i.e. RRCEarlyDataComplete or RRCConnectionSetup) 
The detailed UE procedure is as following:
1.	RRC layer makes first check for EDT based on EDT configurations (i.e. cp-EDT, edt-parameters, edt-TBS, and etc.) in system information and constructs two RRC CCCH PDUs, which one is CCCH PDU of EDT Msg3 and the other one is CCCH PDU of legacy Msg3, and submits them to lower layers. 
2.	MAC receives the two CCCH PDUs from RLC layer and initiates random access. 
3.	MAC determines initial CE level / PRACH repetitions based on measurements. MAC selects a random access preamble based on EDT configurations and instructs the PHY layer to transmit the preamble. 
4.	MAC receives random access response (RAR) with UL grant. 
a.	If RAR contains legacy grant, MAC obtains the MAC PDU of legacy Msg3 from the “Multiplexing and assembly” entity and stores it in the Msg3 buffer, UE transmits legacy Msg3 (e.g. RRCConnectionRequest) and MAC starts mac-ContentionResolutionTimer for legacy. 
b.	If RAR contains a grant for EDT, MAC obtains the MAC PDU of EDT Msg3 from the “Multiplexing and assembly” entity and stores it in the Msg3 buffer, UE transmits EDT Msg3 (e.g. RRCEarlyDataRequest) and MAC starts mac-ContentionResolutionTimer for EDT.
5.	For any subsequent attempts Msg3 is taken from the Msg3 buffer before transmitting it.
6.	If contention resolution is successful, RRC receives Msg4. 
	a.	If Msg4 is RRCEarlyDataComplete message, the EDT procedure is successful.
b.	If Msg4 is RRCConnectionSetup message, the EDT procedure fall-backs to legacy RRC connection establishment. 
c.	If Msg4 is RRCConnectionReject message, the EDT procedure is unsuccessful. 

The other solution is MAC entity notify RRC to re-form a new Msg3 and then transmit the Msg3 without triggering random access preamble transmission. However, this may need additional MAC-RRC interaction and increase the Msg3 transmission latency and may have specification impact. Although the above two solutions does not affect EDT procedure and may be UE implementation issues, it would be better to discuss the detailed procedure between RRC entity and MAC entity for EDT.  
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RRC-MAC interaction for user plane NB-IoT 
Similar with control plane NB-IoT, two RRC messages scheme can also be used for user plane NB-IoT. 
The detailed UE procedure is as following:
1.	RRC layer makes first check for EDT based on EDT configurations (i.e. up-EDT, edt-parameters, edt-TBS, and etc.) in system information and constructs two RRC CCCH PDUs, which one is CCCH PDU of EDT Msg3 and the other one is CCCH PDU of legacy Msg3, and submits them to lower layers. 
2.	MAC receives the two CCCH PDUs and DTCH PDU(s) from RLC layer and initiates random access. 
3.	MAC determines initial CE level / PRACH repetitions based on measurements. MAC selects a random access preamble based on EDT configurations and instructs the PHY layer to transmit the preamble. 
4.	MAC receives random access response (RAR) with UL grant. 
a.	If RAR contains legacy grant, MAC obtains the MAC PDU of legacy Msg3 from the “Multiplexing and assembly” entity and stores it in the Msg3 buffer, UE transmits legacy Msg3 (e.g. RRCConnectionRequest) and MAC starts mac-ContentionResolutionTimer for legacy. 
b.	If RAR contains a grant for EDT, MAC obtains the MAC PDU of EDT Msg3 with UP data from the “Multiplexing and assembly” entity and stores it in the Msg3 buffer, UE transmits EDT Msg3 (e.g. RRCConnectionResumeRequest) with UP data, and MAC starts mac-ContentionResolutionTimer for EDT.
5.	For any subsequent attempts Msg3 is taken from the Msg3 buffer before transmitting it.
6.	If contention resolution is successful, RRC receives Msg4. 
	a.	If Msg4 is RRCConnectionRelease message, the EDT procedure is successful.
b.	If Msg4 is RRCConnectionSetup message, the EDT procedure fall-backs to legacy RRC connection establishment. 
c.	If Msg4 is RRCConnectionReject message, the EDT procedure is unsuccessful. 
Proposal 2	RRC entity may transmit EDT Msg3 and legacy Msg3 to MAC entity, and MAC entity transmits corresponding Msg3 based on the provided UL grant. 
Conclusions
In this contribution we discussed RRC-MAC interaction in EDT procedures and we have the following observation:
Observation 1	During EDT procedure, when the provided UL grant is for legacy Msg3, the UE may flush Msg3 buffer and notify RRC entity to re-form a new Msg3 and this will re-start RACH procedure.
Based on the observations, we proposed the following:
Proposal 1	During EDT procedure, RACH procedure shall not be re-start when provided UL grant in RAR is for legacy Msg3. 
Proposal 2	RRC entity may transmit EDT Msg3 and legacy Msg3 to MAC entity, and MAC entity transmits corresponding Msg3 based on the provided UL grant. 
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