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[bookmark: _Ref492503575]Introduction
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 remaining solution options to support MT EDT considering the discussion and agreements in RAN2#105 and further explaining some aspects of our input to the email discussion [4]. This document is revision of R2-1903186.
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. Therefore, RAN2#103bis agreed on the following [3]:
	=> RAN2 intends to support MT-initiated EDT for both CP and UP solutions.
=> The intention to use MT-EDT is for user data, i.e. not for NAS signalling.



In the RAN2#104 meeting, several MT-EDT solution options were proposed and following was agreed:
	· [bookmark: OLE_LINK42][bookmark: OLE_LINK43]MT EDT are evaluated at least based on battery life, network resource efficiency, security, reliability and potential impact on core network.
· [bookmark: OLE_LINK221][bookmark: OLE_LINK222]MT-EDT is intended for DL data which can be transmitted in one transport block.
· Use cases that require DL data transmission with or without UL data transmission as a response should be supported for MT-EDT.



Further, in the RAN2#105 meeting, some of the MT-EDT solution options were excluded from further consideration:
	· DL data in paging message is excluded (Opt A).
· RNTI in paging message to schedule the DL data is excluded (Opt B).
· Working assumption: DL data scheduled, i.e. DL grant, in paging message is excluded (Opt C).
· Working assumption: DL data scheduled in paging occasion is excluded (Opt D)



Remaining Solution options for MT-initiated EDT
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. As extensively discussed during RAN2#105, the solutions involving DL data schedule in paging message or paging occasion are inefficient and should be excluded from further discussion. So, we propose RAN2 to confirm the working assumptions and agree that:
[bookmark: _Toc4493701][bookmark: _Toc7697884][bookmark: _Toc7716014]DL data scheduled, i.e. DL grant, in paging message is excluded (Opt C).
[bookmark: _Toc4493702][bookmark: _Toc7697885][bookmark: _Toc7716015]DL data scheduled in paging occasion is excluded (Opt D).
In the following, we discuss the remaining solution options for MT-EDT. 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 & 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.

Msg2-based: DL data after preamble 
As discussed in RAN2#105, the main issue with the “paging-based” solution 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). 
RAN2#105bis agreed that for both UP and CP solutions eNB sends MT EDT indication to the UE via paging. Furthermore, RAN2#105bis agreed that, for Msg2-based solution (if agreed), a CF RACH resource is provided in the paging message to page the UE for MT-EDT.
In addition, paging record for the UE can indicate an RNTI for MT-EDT. The UE after receiving the page transmits the RACH preamble using the CF RACH resource. The CF RACH resource serves two purposes. 
The first purpose is to avoid preamble collision. The second purpose is that only the eNB that receives the CF 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. 
[bookmark: _Toc4493692][bookmark: _Toc7697875][bookmark: _Toc7716003][bookmark: _Toc967771][bookmark: _Toc969981][bookmark: _Toc1073033][bookmark: _Toc1073155][bookmark: _Toc1073320]In Msg2-based MT EDT, dedicated PRACH preamble is used to avoid preamble collision.
[bookmark: _Toc4493693][bookmark: _Toc7697876][bookmark: _Toc7716004]In Msg2-based MT EDT, only one eNB need to allocate PDSCH resources for the actual payload.
This is illustrated in the following figure.


Figure 4 Msg2-based MT EDT: DL data after preamble transmission
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 EDT.
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 MME 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 NAS PDU tx request indicating an MT-EDT is required) to the eNBs in the tracking area.
Note, this can be viewed as step 3 in the current procedure. Further, the step A) may be performed after step 3b). Also note, paging record includes ue-Identity which can be s-TMSI or IMSI. 
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. 
Note, this corresponds to existing step 4.
C) The eNB monitors for PRACH transmission from the UE.
5) If the UE decodes paging containing MT-EDT indication, it knows that MT-EDT is being initiated. The UE transmits the dedicated PRACH preamble.
6/7) The eNB that received the PRACH preamble transmission using the dedicated preamble knows the UE is within its area and retrieves the MT-EDT NAS PDU from the MME , which corresponds to part of step 13 in existing flow.
D) The UE monitor’s MPDCCH for PDSCH scheduling with the same RNTI indicated in step 4.
8) UE receives MT data.
9) UE ACKs for the MT data, which can be over PUCCH.
10) eNB indicates to MME that MT-EDT is completed. A retransmission timer may be running in the MME which is stopped after step 10. If step 10 is not completed before the retransmission timer expires, the retransmission or fallback can be triggered.
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.
Msg4-A: DL data in Msg4 based on MO-EDT
In this option, the paging message should indicate that paging is for MT EDT (i.e., MT-initiated DL EDT), otherwise it is not clear whether UE should use EDT or non-EDT procedure. 
Other steps are expected to be similar to Rel-15 MO EDT, as depicted in figure below. RAN2 should avoid extensive changes to Rel-15 MO EDT to enable Msg4-based MT-EDT.
After UE uses EDT PRACH in step 5, network provides an EDT grant which is generally larger than the UE may need. Therefore, unnecessary padding is required in Msg3 UL. Note, the RRC message and contents of Msg3 depend on CP or UP solution; however padding will be required in both cases. 



Figure 5 DL data in Msg4 based on MO-EDT
Msg4-B: with procedure enhancement
As a variant of DL data in Msg4 based on MO-EDT procedure, for the case that the UE has valid TA, the following procedure enhancement was proposed as shown below:


Figure 4 MO-EDT based option for UP solution
In this option, a NPUSCH resource allocation is included in the paging message. As also commented by other companies in the last RAN2 meeting, we assume that a PDCCH after NPUSCH (SR) is not shown in the figure, i.e., only one PDSCH (for RAR) is saved compared to Msg4-A. 
Comparison of remaining solution options
[bookmark: _Toc481529015][bookmark: _Toc481580791][bookmark: _Toc481740933][bookmark: _Toc489359814][bookmark: _Toc489361020][bookmark: _Toc490081947][bookmark: _Toc490082759][bookmark: _Toc525652973][bookmark: _Toc525659914][bookmark: _Toc525659929][bookmark: _Toc525661321][bookmark: _Toc525661410]One of the disadvantages of Msg4 based options is that UE would be provided with unnecessarily large EDT grant, hence padding is required to be transmitted in the UL, resulting in unnecessary power consumption at UE side and resource wastage at network side. 
[bookmark: _Toc528795426][bookmark: _Toc528795460][bookmark: _Toc528833522][bookmark: _Toc528852922][bookmark: _Toc967774][bookmark: _Toc969984][bookmark: _Toc1073036][bookmark: _Toc1073158][bookmark: _Toc1073323][bookmark: _Toc4493694][bookmark: _Toc7697877][bookmark: _Toc7716005]Msg4-based MT EDT causes overscheduling for Msg3 requiring UL padding which results in UE power consumption and resource wastage.
It may be argued that MT-EDT specific TBS can solve this issue. But that is not entirely clear because at this step of the procedure eNB does not know whether the UE is intending MO-EDT or is responding to MT-EDT. 
[bookmark: _Toc528795427][bookmark: _Toc528795461][bookmark: _Toc528833523][bookmark: _Toc528852923][bookmark: _Toc967775][bookmark: _Toc969985][bookmark: _Toc1073037][bookmark: _Toc1073159][bookmark: _Toc1073324][bookmark: _Toc4493695][bookmark: _Toc7697878][bookmark: _Toc7716006]MT-EDT specific TBS does not solve the problem of unnecessary Msg3 padding in Msg4-based solutions.
Additionally, based on Rel-15 experience, this involves several LS exchanges with RAN1 as it introduces further work in RAN1 side, which nullifies the main strength of Msg4-based solutions (i.e. spec impact).
[bookmark: _Toc528795428][bookmark: _Toc528795462][bookmark: _Toc528833524][bookmark: _Toc528852924][bookmark: _Toc967776][bookmark: _Toc969986][bookmark: _Toc1073038][bookmark: _Toc1073160][bookmark: _Toc1073325][bookmark: _Toc4493696][bookmark: _Toc7697879][bookmark: _Toc7716007]It is unnecessary and undesirable to introduce MT-EDT specific TBS for Msg3.
It may also be argued that Msg3 overscheduling can be solved by using legacy (non-EDT) Msg1 and Msg2 for MT-EDT, e.g., see [5]. However, the problem with such proposal is that network does not know whether the UE is ready to receive DL data in msg4. Note that according to the procedure for legacy RRC suspend/resume (without Rel-15 EDT), the UE cannot receive DL data in msg4 (in RRCConnectionRelease or RRCConnectionResume), because the radio bearers are not resumed yet. So, the UE must follow Rel-15 EDT procedure for being able to receive DL data in msg4. 
It may be argued that once the paging message indicates that MT-EDT is being initiated (as already by RAN2), the Rel-16 UE capable of Rel-15 EDT needs to be ready to receive DL data in msg4. However, consider the following scenario:
· Rel-16 UE is capable of Rel-15 EDT and is in IDLE.
· UE has some UL data. UE determines that EDT is not an option for this UL (based on the EDT conditions). So, UE will start a legacy (non-EDT) MO access.
· On the meantime, network has MT data for the UE which is suitable for MT-EDT. Network determines that UE is EDT capable, proceeds to initiate MT-EDT and indicates in the paging.
It is possible that UE starts random access before receiving the paging indicating MT-EDT. 
· The UE uses legacy (non-EDT) Msg1 for RA as it intends to establish RRC Connection (non-EDT).
· [bookmark: _Hlk7716013]UE receives (non-EDT) RAR and sends legacy msg3 (non-EDT).
· Network wrongly assumes the UE is ready to receive DL data in msg4 although UE is not anticipating DL data in msg4 as it has not initiated Rel-15 MO-EDT and not aware that MT-EDT is initiated by network.
· Network sends msg4 + DL data. Msg4 indicates that UE should go to IDLE after processing DL data.
· DL data is lost. Even worse, UE cannot go to RRC_CONNECTED as it intended and is forced to be released instead.
[bookmark: _Toc7716008]Using legacy (non-EDT) Msg1 and Msg2 for Msg4-based MT-EDT can result in forced release of UE intending to establish (non-EDT) RRC Connection. 
Therefore, it is clear that legacy (non-EDT) msg1 and msg2 cannot be used as is for MT-initiated EDT.
[bookmark: _Toc1073040][bookmark: _Toc1073162][bookmark: _Toc1073327][bookmark: _Toc4493698][bookmark: _Toc7697881][bookmark: _Toc7716010]Legacy (non-EDT) Msg1 and Msg2 cannot be used as is for MT EDT. 
The main strength of Msg4-A at the first look is that it may look as the simplest solution with the least specification impact as most of the steps are similar to Rel-15 EDT; however, after careful analysis, that may not be the case. For example, at least the MT-EDT indication needs to be added in the paging message as already agreed by RAN2, and solution to avoid overscheduling would need to be specified as described above. In addition, some contributions in the previous meeting (e.g. see [6]) anticipated the need for and proposed to introduce new RRC messages even for Msg4-based MT EDT, which nullifies the claimed benefit (i.e. smaller spec impact). Further, Msg4-A (DL data in Msg4 based on MO-EDT) does not provide any gain in terms of amount of signalling steps compared to Rel-15 DL EDT.
On the other hand, Msg4-B has several issues in addition to the “common” disadvantages of Msg4-bases solution in general described above:
· It has larger specification impact than Msg4-A. 
· It addresses only a subset of use cases as a valid TA is required. However, if valid TA is not available, no RAR means the UE cannot synchronize again. That means this solution alone is not enough.
· As yet another solution is needed for the case UE does not have valid TA, it is not clear whether the perceived benefits justify specifying a separate solution just covering a small use case scenario. A common solution would be preferred.
· It involves scheduling UL resources in the paging message, which comes with the same disadvantages of paging-C (need to schedule on multiple eNBs, power consumption for other UEs etc.).
The main pros and cons of the remaining options are summarized in the table below.
Table 1 Comparison of remaining MT EDT solution options
	Option
	Pros
	Cons

	DL data after preamble 
	· eNB allocates DL resources only in the cell the UE is camping on. 
· Avoid broadcasting heavy payload in multiple cells
· Improved power consumption as number of signalling steps are reduced
· Improved power consumption as PRACH preamble collision is avoided (dedicated preamble is used)
	· Moderate specification impact
· Need to reserve CF RACH resources

	Msg4-A
	· Lower spec changes anticipated among the solution options.

	· Potentially wasted PDSCH resources due to overscheduling of Msg3.
· Potentially increased UE power consumption due to need of padding tx in Msg3
· Delay and power consumption to deliver MT data no better than Rel-15 MO EDT.

	Msg4-B
	· Potentially improved power consumption as number of signalling steps are reduced (the reduced step is receiving of RAR)

	· Moderate specification impact
· UE requires a valid TA
· Need to reserve PUSCH resources in multiple cells
· Potentially wasted PDSCH resources due to overscheduling of Msg3.
· Potentially increased UE power consumption due to need of padding tx in Msg3



[bookmark: _Toc4493699][bookmark: _Toc7697882][bookmark: _Toc7716011]Msg4-B is not preferred as it requires additional specification work to address a subset of use case without clear benefits. 
Therefore, we propose that Msg4-B is excluded from further consideration.
[bookmark: _Toc4493703][bookmark: _Toc7697886][bookmark: _Toc7716016]DL data in Msg4 option B is excluded (Msg4-B).
As summarized in Table 1 above, Msg2-based MT EDT is the most efficient option considering the trade-off between UE power consumption (number of messages involved for small data transmission) and resource efficiency from network perspective. In addition, this can be achieved with enhancements mostly handled by RAN2 keeping the impact minimal to other WGs. 
[bookmark: _Toc4493700][bookmark: _Toc7697883][bookmark: _Toc7716012]Msg2-based solution (i.e. DL data after preamble transmission) is a reasonable trade-off for MT EDT.
Based on the above discussion and comparison of different solution options on the table, we propose RAN2 to agree that:
[bookmark: _Toc525661465][bookmark: _Toc525718856][bookmark: _Toc525718913][bookmark: _Toc525737898][bookmark: _Toc528795473][bookmark: _Toc528833527][bookmark: _Toc528852927][bookmark: _Toc967779][bookmark: _Toc969990][bookmark: _Toc1073043][bookmark: _Toc1073045][bookmark: _Toc4493705][bookmark: _Toc7697888][bookmark: _Toc7716018]Msg2-based solution (i.e. DL data after preamble transmission) is supported for MT EDT.
Conclusion
In this contribution, we discussed some aspects of remaining solution options to support MT EDT. Based on the above discussion, we made the following observations:
Observation 1.	In Msg2-based MT EDT, dedicated PRACH preamble is used to avoid preamble collision.
Observation 2.	In Msg2-based MT EDT, only one eNB need to allocate PDSCH resources for the actual payload.
Observation 3.	Msg4-based MT EDT causes overscheduling for Msg3 requiring UL padding which results in UE power consumption and resource wastage.
Observation 4.	MT-EDT specific TBS does not solve the problem of unnecessary Msg3 padding in Msg4-based solutions.
Observation 5.	It is unnecessary and undesirable to introduce MT-EDT specific TBS for Msg3.
Observation 6.	Using legacy (non-EDT) Msg1 and Msg2 for Msg4-based MT-EDT can result in forced release of UE intending to establish (non-EDT) RRC Connection.
Observation 7.	Legacy (non-EDT) Msg1 and Msg2 cannot be used as is for MT EDT.
Observation 8.	Msg4-B is not preferred as it requires additional specification work to address a subset of use case without clear benefits.
Observation 9.	Msg2-based solution (i.e. DL data after preamble transmission) is a reasonable trade-off for MT EDT.

Based on the discussion and observations, we propose:
Proposal 1.	DL data scheduled, i.e. DL grant, in paging message is excluded (Opt C).
Proposal 2.	DL data scheduled in paging occasion is excluded (Opt D).
Proposal 3.	DL data in Msg4 option B is excluded (Msg4-B).
Proposal 4.	Msg2-based solution (i.e. DL data after preamble transmission) is supported for MT EDT.
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