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Abstract of the contribution: Discusses the system impacts from MT-Early Data Transmission feature of RAN. 
1. Status in RAN group
Rel-15 enhancements support MO-EDT for both CP and UP CIoT EPS optimizations (also known as CP-EDT and UP-EDT, respectively). 
The WID of Rel-16 enhancements for NB-IoT and the WID of Rel-16 MTC enhancements for LTE proposes to support MT-EDT for both CP and UP EPS optimisation. Similar to MO-EDT, MT-EDT is also only used for user data, and not for NAS signalling.  
SA2 has received two LSs from RAN2 R2-1905276 and RAN3 R3-193156 about the MT-EDT discussion in RAN groups. Some CN impacts are assumed by RAN groups’ decisions. This paper analyses the potential CN impacts for MT-EDT. 
2. Analysis of CN impact
2.1 MT-EDT indication for paging
According to the LS S2-1906862, an MT-EDT indication is required during the paging message.
- For both UP and CP solutions, an MT-EDT indication is needed in the S1 paging message to eNB. It is up to RAN3 to decide how such indication is provided to the eNB.
- RAN2 assumes that DL data information is needed from S-GW/SCEF to the MME to assist MME to initiate MT-EDT.
RAN3 also confirmed in LS R3-193156 that it is considering to introduce an explicit MT-EDT indicator in S1 paging message from MME to inform eNB about possibility to initiate MT-EDT session.
Figure 1 describes the paging procedure for MT-EDT which is applied to both CP CIoT EPS optimization and UP CIoT EPS optimization.
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Figure 1 Paging procedure for MT-MDT
S-GW or SCEF sends a MT-EDT indication in the Downlink data Notification to MME in step 2. MME decides to initiate the MT-EDT for the UE and sends the paging message with the MT-EDT indication in step 3. eNB also includes the MT-EDT indication in the radio paging message.
Proposal 1: S-GW/SCEF includes a MT-EDT indication in DL Data Notification message to MME. If MME decides to initiate the MT-EDT procedure, the MT-EDT indication is sent to eNB in S1 paging message.
In R3-193156 it is also mentioned that some companies stressed that including a boolean MT-EDT indication may not be enough and that having information about DL data size in S1 paging would help the eNB to decide more precisely if MT-EDT should be triggered. Regarding the concern about DL data size, there are two options to solve the problem.

Option 1: Configure the maximum DL data size in SGW

SGW includes the MT-EDT indication in DL Data Notification message to MME only if the arrived DL data size within the maximum DL data size. If the arrived DL data exceeds the maximum DL data size configured in SGW or SCEF, SGW or SCEF will not include the MT-EDT indication in DL Data Notification message.
Option 2: Include the DL data size in the signalling
SGW includes the DL data size along with the MT-EDT indication in the DL Data Notification message to MME. If MME decides to initiate the MT-EDT, MME includes the DL data size in the S1 paging message sent to eNB.
Observation 1: RAN2 and RAN3 need to decide whether it is necessary to send the DL data size from CN to RAN explicitly but sending the DL data size in paging message is feasible from CN point of view.
RAN 2 are still discussing how to transfer the MT DL data, and following two options are being considered for MT-EDT:

a. MT DL data is sent in a DL message in response to random access preamble (also called msg2-based).

b. MT DL data is sent in Msg4 during random access procedure (also called msg4-based).

The following are the analysis of the overall procedure based on different options for CP optimization and UP optimization.

2.2
MT-EDT for CP EPS CIoT Optimization
2.2.1
MT DL data sent in message 2
2.2.1.1
procedure
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Figure 2 MT-EDT for CP Optimization on message 2

MT-EDT indication for paging is described in clause 2.1.

For CP optimization, S-GW send the DL data along with MT-EDT indication to MME in step 2.

MME buffers the DL data in step 3 and initiated the paging procedure.

According to RAN2’s agreement, a dedicated PRACH resources are allocated for the UE and included in paging message in step 5. UE uses the dedicated PRACH resources in step 7. Network uses the dedicated PRACH resources to identify the response UE.
eNB requests the DL NAS Packet in step 8, the S-TMSI which is received in paging message in step 4 is included to identify the UE context in MME. Whether reuse an existing S1 message to introduce a new S1 message depends on RAN3’s decision.

MME sends the DL NAS packet to eNB and eNB transfers the DL NAS packet to UE in step 9 and 10.

The issue is that there is no way for MME to verify that the packet has been received by the UE and hence MME should not delete the DL packet. It is therefore necessary that the UE sends the NAS ACK that indicates to MME that the DL packet was successfully received. This NAS ACK packet needs to be ciphered and integrity protected.

This solution has the following impacts on EPC:

1. SGW sends the DL data to MME, MME buffers the DL data.

2. MME needs to support the new S1-AP procedure to support NAS PDU request.

- MME receives a NAS PDU request message to request the DL data transmission. Compared to the Initial UE Message which is always the first message received by MME, there is no NAS message contained in this new S1 message.
3. MME receives a MT-EDT ACK S1-AP message that includes a NAS layer ACK message.
2.2.1.2
Interaction with UL Data transmission
After receiving ACK from the UE that DL data transmission is a success, if there is no pending DL data and signalling, MME can initiate the S1 release procedure. 

If the UE has multiple PDN connections and there are pending DL data from other PDN connection, MME can initiate the Initial UE Context Setup procedure to establish user plane connection for the UE. 
2.2.1.3
Security 

If the DL data is transmitted in message 2, there is no prior NAS interaction between UE and MME (i.e. no CPSR). It is therefore not clear how to initiate the security for the UE and this aspect requires RAN2, RAN3 and SA3’s discussion. It is also not entirely clear whether there is any issue related to key identification since normally NAS procedures are initiated by UE and the uplink NAS messages include a key set identifier. This requires review by CT1
Observation 2: how to handle the security for MT-EDT transmission in message 2 for CP CIOT EPS Optimisation needs RAN2, CT1 and SA3’s discussion.

2.2.2
MT DL data sent in message 4

2.2.2.1
Procedure
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Figure 3: MT-EDT for CP Optimization on message 4
Compared to the paging procedure in Rel-15, MME includes the MT-EDT indication in S1 paging message. UE initiates the MO-EDT procedure as described in clause 7.3b.2 in TS36.300 after receiving paging with MT-EDT indication. 

The Control Plane Service Request is included in message 3 in step 9. eNB sends the CPSR in Initial UE message in step 10.

MME includes the DL NAS packet, NAS Service Accept in DL NAS Transport message in step 11 and eNB forwards the NAS container to UE. 

This solution has the following impacts on EPC:

1. SGW sends the DL data to MME, MME buffers the DL data.

Assuming no new messages are introduced in response to step 12 from UE to eNB, all the steps after UE received the paging with MT-EDT indication are expected to be similar to Rel-15 MO EDT, there is no other impacts on EPC compared to Rel-15 MO-EDT.

One issue worth highlighting here is that for MO-EDT whether the RRC connection is kept open or immediately released relies on NAS RAI that is contained in the ESM container encapsulated in CPSR. In this case, there will be no NAS RAI in the CPSR the UE sends in step 9. It is therefore not clear how the MME will decide when to release the S1 connection. 
Observation 3: how the MME can determine whether to keep the S1 connection open requires further SA2 discussion
2.2.2.2
Interaction with UL Data transmission

If there are pending MO EDT data in UE side during the MT-EDT procedure, UE can include the MO EDT in step 9 as the MO-EDT procedure as described in clause 7.3b.2 in TS 36.300.

2.2.2.3
Security

Since the MO-EDT procedure is reused by MT-EDT procedure, the security mechanism for MO-EDT can be re-used by MT-EDT. At least for 5GC though the assumption in TS 33.501 is that: “Upon receiving Service Request message sent by the UE in response to a Paging message, the AMF shall send a new 5G-GUTI to the UE. This new 5G-GUTI shall be sent before the current NAS signalling connection is released”. 
According to the above analysis, here is the proposal for MT-EDT for CP optimization.

Proposal 2: For CP Optimization, the DL data is sent from SGW to MME during DL data notification message.

Proposal 3: MME buffers the DL data during paging procedure.

Observation 4: RAN2 and RAN3 need to consider the impacts on EPC when they evaluate different options for MT-EDT procedure.

Observation 5: RAN2 and RAN3 need to communicate with SA3 in order to evaluate whether a new GUTI needs to be allocated after the CPSR is received by MME and how long the NAS signalling connection needs to be kept open to do so.

2.3
MT-EDT for UP EPS CIoT Optimization

2.3.1
MT DL data sent in message 2

2.3.1.1
Procedure
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Figure 4: MT-EDT for UP Optimization on message 2
For the paging procedure, a dedicated PRACH resources is allocated for the UE and included in paging message in step 4. UE uses the dedicated PRACH resources in step 6 to identify the response in eNB as described in clause 2.2.1.1.

eNB initiates the UE context Resume request to MME in step 7, MME sends a Modify Bearer procedure to SGW to re-establish the S1-U for the PGN connection. SGW is able to transmit the DL data to eNB after step 9. eNB sends the DL data to UE in Random Access Response message in step 10.
2.3.1.2
Interaction with UL Data transmission
If there are pending MO EDT data in the UE side during the MT-EDT procedure, UE can initiate the RRC Connection Resume Request which includes the Uplink data after step 6. The MO-EDT procedure is initiated for UE. RAN2 and RAN3 need to consider how to handle the signalling for the interaction between DL and UL data transmission.
2.3.1.3
Security
Since the UE context Resume procedure is reused between eNB and MME, the impact of this solution in EPC is limited, but it is not clear about the security since eNB only receives the Random Access preamble and there is no security information in this message. As per similar comments for the message 2 option for CP CIOT EPS Optimisation, it is not clear how the SGW can confirm that the DL message was received from a legitimate UE and delete the buffered DL message.

Observation 6: how to handle the security for MT-EDT transmission in message 2 for UP CIOT EPS Optimisation needs RAN2, CT1 and SA3’s discussion.
2.3.2
MT DL data sent in message 4
2.3.2.1
Procedure
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Figure 5: MT-EDT for UP Optimization on message 4
After receiving paging with MT-EDT indication, UE initiates the MO-EDT procedure as described in clause 7.3b.3 in TS 36.300 after receiving paging with MT-EDT indication. UE sends the RRC connection Resume request in step 8 and eNB sends the UE context Resume request to MME. MME requests SGW to re-establish S1-U for the PDU session. DL data can be sent from SGW to eNB after step 11. eNB includes the received DL data in RRC Connection Release message in step 12.

Assuming no new messages are introduced in response to step 12 from UE to eNB, all the steps after UE receiving the paging with MT-EDT indication are expected to be similar to Rel-15 MO EDT, there is no other impacts on EPC compared to Rel-15 MO-EDT.
2.3.2.2
Interaction with UL Data transmission

If there are pending MO EDT data in UE side during the MT-EDT procedure, UE can include the UL data in RRC Connection Resume Request in step 8.
2.3.2.3
Security 

The MO-MDT procedure is reused by this option, the security mechanism for MO-EDT can be re-used by MT-EDT.

According to the above analysis, here are the proposals for MT-EDT for UP optimization.

Proposal 4: The UE context Resume procedure is used by the RAN to re-establish the S1-U tunnel.
Proposal 5: After the MT-EDT, if there is no pending DL data, eNB initiates S1 suspend procedure.

2.4
Fallback from MT-EDT to normal DL data transmission

If UE has multiple PDN connections and there are pending DL data from other PDU session, MME can initiate the Initial UE Context Setup procedure to establish user plane connection and fallback to normal DL data transmission procedure. As stated earlier the issue is that for MO-EDT whether to establish full RRC connection or release it immediately relies on NAS RAI. For MT-EDT there is no NAS RAI available and it requires interaction with the AF (e.g. between the AF and SCEF in case of NIDD) or some packet marking of DL data or it can only work for applications that use dedicated APNs and the traffic pattern of 1 DL packet only is well known. The first two options will require significant SA2 study and since there is no corresponding SID or available Time Units they can be considered out of rel.16. The last option (relying on local policy e.g. dedicated APN) is the only option possible in rel.16. 

Proposal 6: In rel.16 decision whether to use MT-EDT can be based on static configuration in CN.  
Also if the MT-EDT transmission fails, eNB need to inform the MME about the DL data transmission failure. In this case, MME may decide to initiate the Initial UE Context Setup procedure to establish user plane connection and fallback to normal DL data transmission procedure.

RAN2 needs to define the fallback from MT-EDT to normal DL data transmission procedure.
Observation 7:  RAN2 needs to define the fallback from MT-EDT to normal DL data transmission procedure.

2.5 Consideration for 5GC
Control plane optimization and User Plane optimization for 5G CIoT are supported in 5GC in Rel-16. In order to have a complete feature set in 5GS, the same mechanism about MT-EDT can be reused for 5GC. This can be indicated as feedback from SA2 to RAN WGs. 
Observation 8: The same mechanism of MT-EDT in EPS can be reused for Control plane optimization and User Plane optimization for 5G CIoT.
3. Conclusions

It is proposed to discuss the following proposal in SA2:
Proposal 1: S-GW/SCEF includes a MT-EDT indication in DL Data Notification message to MME. If MME decides to initiate the MT-EDT procedure, the MT-EDT indication is sent to eNB in S1 paging message.
For CP optimization, 

Proposal 2: For CP Optimization, the DL data is sent from SGW to MME during DL data notification message.

Proposal 3: MME buffers the DL data during paging procedure.

For UP optimization

Proposal 4: The UE context Resume procedure is used by the RAN to re-establish the S1-U tunnel.

Proposal 5: After the MT-EDT, if there is no pending DL data, eNB initiates S1 suspend procedure.

Proposal 6: In rel.16 decision whether to use MT-EDT can be based on static configuration in CN.
The following observations need to be considered by RAN2, RAN3 and SA3, it is proposed to send an LS to RAN2 to ask the feedback.

Observation 1: RAN2 and RAN3 need to decide whether it is necessary to send the DL data size from CN to RAN explicitly but sending the DL data size in paging message is feasible from CN point of view.
Observation 2: how to handle the security for MT-EDT transmission in message 2 for CP CIOT EPS Optimisation needs RAN2, CT1 and SA3’s discussion.
Observation 3: how the MME can determine whether to keep the S1 connection open requires further SA2 discussion.

Observation 4: RAN2 and RAN3 need to consider the impacts on EPC when they evaluate different options for MT-EDT procedure.

Observation 5: RAN2 and RAN3 need to communicate with SA3 in order to evaluate whether a new GUTI needs to be allocated after the CPSR is received by MME and how long the NAS signalling connection needs to be kept open to do so.

Observation 6: how to handle the security for MT-EDT transmission in message 2 for UP CIOT EPS Optimisation needs RAN2, CT1 and SA3’s discussion.
Observation 7:  RAN2 needs to define the fallback from MT-EDT to normal DL data transmission procedure.

Observation 8: The same mechanism of MT-EDT in EPS can be reused for Control plane optimization and User Plane optimization for 5G CIoT.
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