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Abstract of the contribution: Discusses the design principles to support Mobile terminating EDT.
1. Background
As a part of the WID (R2-181450) on Rel 16 MTC enhancements for LTE in RAN2, the following objectives were approved: 
The objective is to specify the following set of improvements for machine-type communications for BL/CE UEs.

Improved DL transmission efficiency and/or UE power consumption:

· Specify support for mobile-terminated (MT) early data transmission (EDT) [RAN2, RAN3]

· Specify quality report in MSG3 at least for EDT [RAN1, RAN2]

· Specify MPDCCH performance improvement by using CRS at least for connected mode [RAN1, RAN2, RAN4]

· Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]

As indicated in the LS from RAN2, the following agreements have been reached in RAN2: 

The following agreements have been reached in RAN2: 

- 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 MME initiates MT-EDT.

- It is up to eNB to use MT-EDT based on e.g., UE capability.

- RAN2 assumes that DL data information is needed from S-GW/SCEF to the MME to assist MME to initiate MT-EDT.
Based on the RAN 2 agreements stated above, this discussion paper aims to address the CN impact to support MT-EDT and introduce the design principles to support MT-EDT in the next section. The CN impact to support MT-EDT is explained with respect to the EPC, however, similar principles applies to the 5GC as well.
2. System impacts 
a) UE Capability indication for MT-EDT

To support MT-EDT data transmission, the UE indicates the MT-EDT capability to the network during the Attach procedure. The MME stores the MT-EDT capability indication in the UE context. When the MME receives the Dowlink Data (or Downlink Data Notification) for the UE, it decides to initiate MT-EDT based on MT-EDT capability of the UE as one of the parameters.
b) Mobile Terminating NIDD Procedure for MT-EDT 

To support MT-EDT transmission in the NIDD Procedure, the SCS/AS sends an MT-Release Assistance Indicator with the non-IP Data in the MT NIDD Submit Request sent to the SCEF to indicate: 

i) Single Downlink packet transmission
ii) Dual Downlink packet transmission (DL with subsequent UL)
The SCEF includes the MT-Release Assitance Indicator in the NIDD Submit Request sent to the MME.
If the UE is in ECM_IDLE, based on the MT-EDT capability of the UE and MT-Release Assistance Indicator received from the SCEF, the MME determines to include the Downlink Data Size, and MT-Release Assistance Indicator in the Paging message to the eNBs. The UE is paged by the eNBs. The UE responds with the RRC message which uses the Preamble indicated by the Paging message from the eNB. The eNB sends the Initial UE message with the Downlink Data request indicator to the MME. The MME responds with a Downlink NAS transport message with the Data PDU. The eNB delivers the Downlink Data to the UE. The UE acknowledges the data delivery with a NAS ACK and optionally with the UL Data, if any. The eNB forwards the NAS ACK to the MME. The MME sends a NIDD Submit Response to the SCEF acknowledging the NIDD Submit Request from the SCEF.
c) Mobile Terminating Data Transport in Control Plane Optimization for MT-EDT with P-GW Connectivity
To support MT-EDT transmission in the Mobile Terminating Data Transport with P-GW Connectivity, it is proposed that for SGi PtP tunneling based on UDP/IP used to deliver non-IP data the tunnel parameters pre-configured on the P-GW includes MT-EDT indicator along with the destination IP address and UDP port. The MT-EDT tunnel parameter indicates that the associated UDP port shall be used for MT-EDT.

The AS sends Downlink Data over the SGi tunnel pre-configured for MT-EDT. The PGW forwards the the Downlink Data to the S-GW for the corresponding EPS bearer. Upon receiving the Downlink Data with the the S-GW forwards the Data to the MME if S11-U tunnel is established. If not, sends the Downlink Data Notification message to the MME with the Downlink Data Size inforamtion. After this step, the procedure continues as described in section b.  
3. Open issues
The MT Procedure for Control Plane Optimization to support MT-EDT proposed in this discussion paper is based on the Msg 2 solution which is Option A in the LS from RAN2 (S2-1906862 - snippet below from the LS) sent to SA2. 
Two options are being considered for MT-EDT:

a. MT DL data is sent in a DL message in response to random access preamble.

b. MT DL data is sent in Msg4 during random access procedure.
Since both Msg 2 and Msg 4 based solutions are being considered in RAN2, the following table highlights the Pros and Cons of both the solutions: 

	
	Msg2 based solution
	Msg4 based solution

	Pros
	Procedure ends at Msg3 after UE sends NAS ACK or application feedback UL data.

This has better power saving compared to Msg4 based solution.
	Minimum impact to UE, RAN and core network as just using 1 bit MT EDT indication overhead in paging, legacy Rel-15 MO EDT can be reused as much as possible.

	Cons
	1. This solution has large impact to RAN to deliver the DL data in Msg2 (e.g., new Msg2 transmission  and restransmission design).

2. This solution has larger RAN paging overhead if RRC paging has to carry information of the CF PRACH resource, preamble repetition value and RNTI. This may lead to more power consumption on receiving larger size of paging message considering a number of repetitions in bad coverage not only for the paged UE but also for many other UEs who are listening to the same paging occasion and receive the same copy of broadcast paging message in several cell in tracking area. So any larger header in broadcast paging is not good.

3. Contention free preamble resource is limited in each cell. In this solution, for a single paged UE, several cells in a tracking area have to reserve such contention free preamble resource for a long time which impacts performance of other UEs in connected mode as this resource needs to be used for handover and synchronization.

There are several drawbacks of this approach when a UE is using UP CIoT EPS optimization.
1. UE NAS cannot receive/transmit any CP data (i.e., UP data encapsulated in NAS PDU) as it is in suspended state. 

2. When eNB receives contention free preamble, it only knows UE’s S1 AP ID (it is not expected for security reason but eNB can also obtain S-TMSI from paging). If it is not the eNB that sends the UE to suspended state, it does not have the UE’s resume-ID to retrieve the UE’s context from different eNB. The resume ID can be provided by MME in S1AP signalling. It is 40 bits long and significant overhead in S1 AP signalling that is sent to every eNB in the tracking area. This also adds burden to MME to store UE’s resume ID in UE context.
3. In case real UE misses paging but unwanted UE (e.g., attacker) sends the preamble (learnt from the broadcast paging message), RAN has to waste time and resource for retrieving UE context as well as network signalling to establish S1 bearer with S-GW as UE may move to different RAN.
	Procedure ends at Msg4 after RAN sends EDT complete message with MT EDT data to UE.

Compared to Msg2 based solution, there is

1. One more DL transmission if UE has not UL data to transmit in Msg5 (i.e., RAI says only single DL data)

2. One more DL data transmission in Msg4 and one more UL data transmission in Msg5 if RAI indicates onle single DL data followed by one single UL data.


NOTE: The final decision on Msg2 or a Msg 4 solution will be up to RAN2.

4. Proposal
To introduce text to TS 23.401,TS 23.682,TS 23.501,TS 23.502 captured in S2-1907561,S2-1907575,S2-1907576 and S2-1907577 based on system impacts discussed. 
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