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The WI description for additional MTC enhancements for LTE is given in [1]. The WI description for additional NB-IoT enhancements is given in [2]. One of the common objectives of both of the WIs is:
	Improved DL transmission efficiency and/or UE power consumption:
· Specify support for mobile-terminated (MT) early data transmission (EDT) [RAN2, RAN3]



In this contribution, we discuss some aspects of the MT EDT.
Background
Rel-15 enhancements support MO-EDT for both CP and UP CIoT EPS optimizations (also known as CP-EDT and UP-EDT, respectively). Release 15 already support DL EDT (i.e., EDT for MT data) if the UL EDT has been initiated. That is, DL data in msg4 is already possible. This is supported for both CP-EDT and UP-EDT. However, what is not supported is MT-initiated EDT when UL EDT is not initiated by the UE. 
[bookmark: _Toc480987811][bookmark: _Toc480987915][bookmark: _Toc480987950][bookmark: _Toc480987964][bookmark: _Toc480987975][bookmark: _Toc480988117][bookmark: _Toc480988251][bookmark: _Toc480988281][bookmark: _Toc480988292][bookmark: _Toc480988334][bookmark: _Toc480988389][bookmark: _Toc480988398][bookmark: _Toc480988414][bookmark: _Toc480988426][bookmark: _Toc480988453][bookmark: _Toc480988469][bookmark: _Toc480988476][bookmark: _Toc480988626][bookmark: _Toc480989528][bookmark: _Toc480989570][bookmark: _Toc480992254][bookmark: _Toc481421017][bookmark: _Toc481422412][bookmark: _Toc481495785][bookmark: _Toc481495826][bookmark: _Toc481529011][bookmark: _Toc481580787][bookmark: _Toc481740225][bookmark: _Toc488672151][bookmark: _Toc489020405][bookmark: _Toc489359812][bookmark: _Toc489361018][bookmark: _Toc490081945][bookmark: _Toc490082757][bookmark: _Toc525653126][bookmark: _Toc525659910][bookmark: _Toc525718007][bookmark: _Toc525718857][bookmark: _Toc525737893]Rel-15 already supports MT EDT in response to MO-initiated EDT, for both CP-EDT and UP-EDT.
[bookmark: _Toc525653127][bookmark: _Toc525659911][bookmark: _Toc525718008][bookmark: _Toc525718858][bookmark: _Toc525737894]Rel-15 does not support MT-initiated EDT.
Since Rel-15 support MO-EDT for both CP and UP-EDT, it is reasonable that MT-EDT enhancements are supported for both CP and UP-EDT cases.
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Similar to MO-EDT, the intention to use MT-EDT should be limited to user data, i.e. not for NAS signalling.
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Discussion on MT-initiated EDT
In the following, we discuss different potential solutions assuming CP-EDT as baseline (i.e., MT data encapsulated in NAS PDU). Specific differences between CP and UP cases may be discussed once a general framework is first agreed.

In a MT call for an IDLE UE, the first downlink message is the paging message from the network. Once the UE receives paging message (i.e., when a paging record corresponding to UE’s NAS identity is present), it initiates random access procedure. Therefore, the MT-initiated early data transmission in DL can be achieved by various options:
Option 1. Including MT data in the paging message
Option 2. MT data after paging
Option 3. MT data after paging and PRACH preamble

For reference, existing MT data transport using NAS in CP CIoT EPS Optimization is shown in the Figure 1 below (from TS 23.401). In the call flow, step 5 can potentially include all Msg1-Msg5 from legacy RACH procedure. Our objective here is to optimize steps 5 + 14 as well as move step 4 and part of 5 to later, and skip steps 6 to 11 in current procedure. The proposed (simplified) call flows for different options are discussed below.


[bookmark: _Ref489359957]Figure 1 MT Data transport in NAS PDUs (Figure 5.3.4B.3-1 in TS 23.401).
Note that in Figure 1, the steps with dashed-lines starting at step 16 represent the procedure assuming UL data exists at the UE. In case of no UL data, all steps with dashed-lines after step 15 could be skipped. 
Note also that, at the end of this procedure, UE would be in RRC_CONNECTED state, and further steps are necessary for RRC connection release which includes multiple signaling steps not shown here before the UE can move to IDLE.
MT data in paging
It should be possible to include additional payload in paging record for the UE. The payload would be included as a NAS message. The advantage is that there is no need to have a full random access procedure. Only Msg1 transmission may be needed which can be used as an ACK for MT data. 
Furthermore, RAN1 impact may be minimal with such a solution. However, the challenge is that the paging load may significantly increase since each paging record could be large. The proposed call flow with small DL data in paging is shown below in Figure 2.


[bookmark: _Ref489359973]Figure 2 MT data in paging

The steps are briefly described below:
1) S-GW receives MT data. It needs to know that the UE for which it is directed supports MT data over paging.
2) The S-GW sends a “MT-EDT request” to the MME along with the data to transmit. The MME buffers this data. 
Note, if the “data” is not included in step 2, it may be sent after 3a separately (which corresponds to step 11 in existing procedure).
3a) In case of MME overloading, it can reject the request. Otherwise it confirms it.
A) The MME encapsulates the data in a NAS PDU and prepares a paging message. 
Note, this corresponds to step 12 in current procedure.
3b) MME sends the paging msg (with data) to the eNBs in the tracking area.
Note, this can be viewed as steps 3 and 13 combined in the current procedure. Also note, paging record includes ue-Identity which can be s-TMSI or IMSI. Additionally, since the paging record may be sent prior to AS security activation, the NAS PDU needs to be protected by NAS security.
B)  Upon reception of the paging message, the eNB determines a PRACH resource for contention-free random access and include it in the paging message.
4)  The UE monitors for paging. If the UE decodes paging containing MT data, the UE delivers the PDU to NAS.
Note, this corresponds to existing steps 4 and 14 combined.
C) The eNB monitors for PRACH transmission from the UE.
5) If the MT data reception was successful in step 4, the UE transmits the dedicated PRACH preamble which indicates ACK for the MT data. 
Note that steps B, (part of) 4, C and 5 together correspond to step 14 in current procedure. In addition, step 5 in proposed procedure also corresponds to part of step 5 in current procedure.
6) eNB ACKs the MME about successful transfer of DL data, which corresponds to step 15 in existing flow.
Note that in the proposed method, the UE starts from IDLE state, and at the end of the procedure continues to be in RRC_IDLE, thereby avoiding the costly procedure of RRC connection release.
MT data after paging
Including the actual payload in paging message may increase the size of paging message and hence the paging load significantly. This means the UEs for which the paging is not intended may also need to decode the large paging messages. Therefore, it may be reasonable to include a RNTI information in the paging record instead of the actual payload. After receiving such information, the UE monitors MPDCCH scrambled with a given RNTI. The PDSCH contains a NAS PDU. This is illustrated in the following figure.


Figure 3 MT data after paging
MT data after PRACH preamble
The main issue with the above solutions is that all the eNBs where the UE will be paged will need to allocate large PDSCH (either to send paging message with payload or to send payload in a separate PDSCH assignment). This can lead to significant resource wastage at the eNB as well as high backhaul load between MME and eNBs (since the payload needs to be sent to all eNBs in the paging area). To overcome this, MME can indicate to the eNBs in the paging area that MT-EDT is required for a certain UE. Paging record for the UE can indicate that MT-EDT is intended along with dedicated PRACH resource (preamble) and RNTI. The UE after receiving the page uses the PRACH resource to transmit the dedicated preamble. Only the eNB that receives the PRACH preamble needs to retrieve the NAS PDU from MME and respond with downlink transmission using the RNTI. This way while PRACH preamble and RNTI would be reserved in all the eNBs that page the UE, only one eNB will need downlink PDSCH resources for the actual payload. This is illustrated in the following figure.


Figure 4 MT data after PRACH preamble
Summary
Among the options above, the third option (MT data after PRACH preamble) is the most efficient one. In addition, above methods can be achieved with enhancements mostly handled by RAN2 keeping the impact minimal to other WGs. Therefore, we propose:
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[bookmark: _Toc525661465][bookmark: _Toc525718856][bookmark: _Toc525718913][bookmark: _Toc525737898]Discuss and decide on the solution among the options described above.
Further details can be discussed regarding CP-EDT and UP-EDT cases once the general option is agreed upon.
Conclusion
In this contribution, we discussed some aspects of support for MT EDT with paging enhancements. Based on the above discussion, we made the following observations:
Observation 1.	Rel-15 already supports MT EDT in response to MO-initiated EDT, for both CP-EDT and UP-EDT.
Observation 2.	Rel-15 does not support MT-initiated EDT.

Based on the discussion and observations, we propose:
Proposal 1.	RAN2 intends to support MT-initiated EDT for both CP-EDT and UP-EDT.
Proposal 2.	The intention to use MT-EDT is for user data, i.e. not for NAS signalling.
Proposal 3.	MT-EDT is supported with paging enhancements.
Proposal 4.	Discuss and decide on the solution among the options described above.
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