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In WID on Rel-16 enhancements for NB-IoT [1], one objective to improve DL transmission efficiency is described as 
Improved DL transmission efficiency and/or UE power consumption:
· Specify support for mobile-terminated (MT) early data transmission (EDT) [RAN2, RAN3]
· [bookmark: _Hlk515907437]Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]

In this paper, we discuss the scope and the design of Mobile-terminated Early Data Transmission (MT EDT). 
Discussion 
In Rel-15 WID Further Enhancements of NB-IoT [2], mobile originated (MO) early data transmission (EDT) is specified. An idle mode UE is able to transmit UL data in MSG3 in the random access procedure, carrying TB size between 328 and 1000 bits. After successful reception by eNB, the DL data can be transmitted in MSG4 in the NAS container together with RRC connection release message. Then, the random access procedure terminates and the UE does not transit to the connected mode. 

The EDT for CP CIoT EPS Optimizations and UP CIoT EPS Optimizations procedures are listed in Figure 1 and Figure 2, respectively. 


Figure 1: MO EDT for Control Plane CIoT EPS Optimizations



Figure 2: MO EDT for User Plane CIoT EPS Optimizations
MT EDT 
In R15, only MO EDT has been specified. For MT data transmission, by the current mechanism it needs to go through the full RRC Connection setup/resume procedure for an idle UE, which involves paging and random access procedures. The DL data is transmitted in MSG6.
To improve the DL transmission efficiency, MT EDT is considered in R16 NB-IOT scope. MT EDT may benefit from lower signaling overhead, lower latency, and UE power saving. The MT EDT (or so called DL EDT) may be transmitted with the following options. 
DL data is transmitted with the paging 

· Option 1: The DL data is included in a NAS message and is transmitted in paging message. 

· Option 2: A paging message carries a UE specific RNTI in the paging record to indicate the DL data afterward. The network uses the UE specific RNTI to scramble the DL data DCI in NPDCCH for a UE after paging message. The UE uses this UE specific RNTI to continue monitoring the NPDCCH after decoding the paging. The DL data is then transmitted in the following NPDSCH.

For option 1 and option 2, the biggest problem is that all the cells in the tracking area where the UE is registed should send the DL data together, which is not efficient at all and leads to the significant resource overhead.

Observation 1: MT EDT transmission in the paging procedure involves the cells in a tracking area to send the DL data; the DL data transmission is inefficient. 

Proposal 1: MT EDT transmission in the paging phase should be avoided. 

DL data is transmitted with the RA procedure
The other options are to transmit DL data in the Random Access procedure, 

· Option 3: DL data is transmitted in MSG2.

· Option 4: DL data is transmitted in MSG4.

By the current MT data transmission mechanism, after receiving a paging message, a UE should send the paging response before receiving DL data. Otherwise, if the MME receives no response from the UE to the Paging Request message, it may repeat the paging. 
If DL EDT transmitted in MSG2, there is no UL opportunity for UE to transmit paging response before DL data. To support option 3, it might have large Core Network impact and a huge spec impact. 
With option 4, if UE is aware of that the DL EDT is going to be used, the UE triggers the EDT procedure specified in R15 for MO EDT, and it has the chance to send the paging response in MSG3. By this way, it has less impact on the current specification and in addition, the DL EDT can mostly reuse the UL EDT procedure.  The detailed operation of MT EDT is described in the following sections.   
Observation 2: DL EDT transmitted in MSG2 has large core network impact and specification impact. 
Proposal 2: DL EDT in MSG2 should not be supported. 
Proposal 3: To reduce the specification impact and to mostly reuse the MO EDT procedure, MT EDT in MSG4 should be supported. 

MT EDT in MSG4 
Assume the network and UE support EDT applications. To have MT EDT in MSG4, first, an EDT indication should be sent in the paging message to inform a UE that DL data transmission will go through the EDT procedure. Then, UE triggers the EDT procedure as specified in R15. UE transmits the preamble (MSG1) in the EDT preamble resource. UE receives RAR (MSG2) to indicate a larger size of MSG3. By using the procedure of MO EDT, UE can send the paging response (e.g., NAS service request) and UL data, if any, in MSG3. Note that in the legacy mechanism, the paging response is sent in MSG5. Then, the UE receives the DL data together with RRC release message in MSG4. Then, the random access procedure terminates and the UE does not transit to the connected mode. 

R15 MO EDT supports DL data transmission in MSG4. For MT EDT, as long as EDT indication is carried in the paging message to trigger UE to go through EDT procedure, paging response and UL data (if any) can be sent in MSG3 and DL data can be sent in MSG4, the same as the MO EDT. MT EDT can mostly reuse the MO EDT procedures. Any issues, e.g., security for MSG4, re-transmission for MSG4, fall back mechanisms, resolved in MO EDT can apply to MT EDT by nature. The specification impact for MT EDT is then reduced and we don’t need to maintain two solutions (one for MO EDT and one for MT EDT) for EDT.  

Proposal 4: To support MT EDT in MSG4, an EDT indication should be sent in the paging message to inform the UE to go through the EDT procedure.  

Proposal 5: MT EDT procedure shares the same EDT procedure as MO EDT. 

Proposal 6: For MT EDT, the paging response is sent in MSG3. 

The MT EDT procedure for Control Plane CIoT EPS optimizations is illustrated Figure 3.




Figure 3: MT EDT for Control Plane CIoT EPS Optimizations

1. The Serving GW sends a Downlink Data Notification message to the MME for which it has control plane connectivity for the given UE. 
2. The MME sends a Paging message to each eNodeB belonging to the tracking area(s) in which the UE is registered.
3. If eNodeBs receive paging messages from the MME, the UE is paged by the eNodeBs. An EDT indication is carried in the paging message to inform UE for MT EDT and to trigger UE to perform EDT procedure. 
4. Upon receiving EDT indication in the paging message, the UE initiates the early data transmission procedure and selects a random access preamble configured for EDT.
5. The UE receives RAR from eNodeBs.
6. The UE sends RRCEarlyDataRequest message with paging response n CCCH.
7. The eNB initiates the S1-AP Initial UE message procedure to forward the NAS message and establish the S1 connection. The eNB may indicate in this procedure that this connection is triggered for EDT.
8. The MME requests the S-GW to re-activate the EPS bearers for the UE.
9. If uplink data are available, the MME sends the uplink data to the S-GW.
10. The S-GW sends the downlink data to the MME.
11. The MME forwards the data to the eNB via DL NAS Transport procedure and may also indicate whether further data are expected. Otherwise, the MME may trigger Connection Establishment Indication procedure and also indicate whether further data are expected.
12. If no further data are expected, the eNB can send the RRCEarlyDataComplete message on CCCH to keep the UE in RRC_IDLE. If downlink data were received in step 6, they are concatenated in RRCEarlyDataComplete message.
13. The S1 connection is released and the EPS bearers are deactivated.
The MT EDT procedure for User Plane CIoT EPS optimizations is illustrated Figure 4.



Figure 4: MT EDT for User Plane CIoT EPS Optimizations

1. The Serving GW sends a Downlink Data Notification message to the MME for which it has connectivity for the given UE. 
2. The MME sends a Paging message to each eNodeB belonging to the tracking area(s) in which the UE is registered.
3. If eNodeBs receive paging messages from the MME, the UE is paged by the eNodeBs. An EDT indication is carried in the paging message to inform UE for MT EDT and to trigger UE to perform EDT procedure. 
4. The UE initiates the early data transmission procedure and selects a random access preamble configured for EDT.
5. [bookmark: _GoBack]The UE receives RAR from eNodeBs.
6. The UE sends an RRCConnectionResumeRequest to the eNB, including its Resume ID, the establishment cause, and an authentication token. The UE resumes all SRBs and DRBs, derives new security keys using the NextHopChainingCount provided in the RRCConnectionRelease message of the previous connection and re-establishes the AS security. The user data are ciphered and transmitted on DTCH multiplexed with the RRCConnectionResumeRequest message on CCCH.
7. The eNB initiates the S1-AP Context Resume procedure to resume the S1 connection and re-activate the S1-U bearers.
8. The MME requests the S-GW to re-activate the S1-U bearers for the UE.
9. The MME confirms the UE context resumption to the eNB.
10. If uplink data are available, the uplink data are delivered to the S-GW.
11. The S-GW sends the downlink data to the eNB.
12. If no further data are expected from the S-GW, the eNB can initiate the suspension of the S1 connection and the deactivation of the S1-U bearers.
13. The eNB sends the RRCConnectionRelease message to keep the UE in RRC_IDLE. The message includes the releaseCause set to rrc-Suspend, the resumeID, the NextHopChainingCount and drb-ContinueROHC which are stored by the UE. If downlink data were received in step 6, they are sent ciphered on DTCH multiplexed with the RRCConnectionRelease message on DCCH.
Conclusion 
In this paper, the scope on MT EDT is discussed. The observations and the proposals are made as follows.

Observation 1: MT EDT transmission in the paging procedure involves the cells in a tracking area to send the DL data; the DL data transmission is inefficient. 

Observation 2: DL EDT transmitted in MSG2 has large core network impact and specification impact. 
Proposal 1: MT EDT transmission in the paging phase should be avoided. 

Proposal 2: DL EDT in MSG2 should not be supported. 
Proposal 3: To reduce the specification impact and to mostly reuse the MO EDT procedure, MT EDT in MSG4 should be supported. 

Proposal 4: To support MT EDT in MSG4, an EDT indication should be sent in the paging message to inform the UE to go through the EDT procedure.  

Proposal 5: MT EDT procedure shares the same EDT procedure as MO EDT. 

Proposal 6: For MT EDT, the paging response is sent in MSG3. 
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