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Introduction
The WID of Rel-16 enhancements for NB-IoT and the WID of Rel-16 MTC enhancements for LTE were approved in RAN#80. The WIDs have been revised for several times and the lasted ones are approved in RAN#83 [1][2]. The following objective is included in both of these WIDs:
	Improved DL transmission efficiency and/or UE power consumption:
· Specify support for mobile-terminated (MT) early data transmission (EDT) [RAN2, RAN3]


In RAN2 #103bis~#105bis meeting, the following agreements have been achieved:
	RAN2#103bis agreements:
=> 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.
RAN2#104 agreements:
=> MT EDT are evaluated at least based on battery life, network resource efficiency, security, reliability and potential impact on core network.
=> 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
RAN2#105 agreements:
=> 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).
RAN2#105bis agreements:
=> 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.
=> For the UP solution, the DL data are ciphered and sent over DTCH.
=> For both UP and CP solutions eNB sends MT EDT indication to the UE via paging

For Msg-2 based solution (if agreed)
=> A CF RACH resource is provided in the paging message to page the UE for MT-EDT. FFS whether/how security related concerns are addressed and how number of repetitions required and RNTI are provided.

For Msg-4 based solution (if agreed)
=> For UP solution, RRCConnectionResume is used in Msg4 in case UL transmission is expected in response.


In this paper, we continue to discuss some remaining issues for the Msg-4 based solution.

Discussion
As mentioned in [6], for the Msg2-based solution, dedicated PRACH preamble and RNTI would still be reserved in all the eNBs in the paging area, which would lead to waste of dedicated preamble and RNTI resources. In order try to alleviate the bad impacts on network resources, we suggest to restrict the usage of this Msg2-based solution for part of use cases. For example, only for stationary UE or UE with low mobility. Or we can use this solution only in the initial stage of paging, e.g., for paging the UE in the last cell. If such paging fails, the eNB could trigger Msg4-based solution or legacy paging. That means, Msg4-based solution still needs to be supported for some cases in MT-EDT and how to choose the solutions can be left to eNB /MME decision.
Proposal 1: Msg4-based solution still needs to be supported for MT EDT and how to choose the solutions can be left to eNB/MME decision.
Msg1 for Msg4-based scheme
In [4], MT data in Msg4 which reuse the R15 MO-EDT procedure as much as possible have been provided as following:
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[bookmark: _Ref504488826]Figure 1: Example of signaling flow for MT UP-EDT (copied from [4])
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[bookmark: _Ref524707327][bookmark: OLE_LINK193][bookmark: OLE_LINK194]Figure 2: Signaling flow for MT CP-EDT (copied from [4])

In [4] it mentions for UP solution, since there is no need to transmit Msg3 larger than the legacy message, legacy rather than MO-EDT type of Msg1 and Msg2 can be used, i.e., the UE does not select EDT preamble in Msg1 and the network does not need to provide EDT UL grant in Msg2. And RRC messages in Msg3 for MO UP-EDT can be reused. 
But in [4] it also mentions for CP solution, for MT EDT case, the S1 interface need to be setup before Msg4. This implies that the RRC message in Msg3 cannot be the legacy RRCConnectionRequest because the eNB does not send an Initial UE message to MME upon reception of this legacy message. This, in turn, requires that a UL grant larger than legacy for the non-legacy Msg3 should be provided in Msg2 and as a result the UE should ask for a large grant by selecting an EDT preamble in Msg1. 
Here we agree MO-EDT Msg3 would be used to trigger earlier S1 interface establishment/resumption and make it possible to carry DL data in the following MO-EDT Msg4. But we cannot understand why there exists difference for Msg1 between UP solution and CP solution. Even for CP solution, there also has no need to use such large UL grant for Msg3 (since no UL data) and so no need of EDT Msg1 in order to avoid large unnecessary padding in Msg3 as well as unnecessary waste of network resources.  
As RAN2 has agreed for both UP and CP solutions, an MT-EDT indication is needed in the S1 paging message to eNB (final decision would be in RAN3), we understand it’s feasible that even UE receives legacy UL grant, it’s still feasible for the UE to send MO-EDT Msg3 in this MT-EDT case (e.g., according to MT-EDT indication in paging), for both UP solution and CP solution. 
However, during the RAN2#105bis discussion, companies raise a concern for the above proposals. If UE use legacy Msg1 and then UE sends MO UP-EDT Msg3, e.g., RRCConnectionResumeRequest without multiplexed data to the network, as this MO UP-EDT Msg3 is same as the Msg3 for RRC resumption procedure in legacy UP (from R13), it may be impossible for the eNB to differentiate the MT EDT case and legacy RRC resumption case. The reason why the eNB needs to do such differentiation has been mentioned in [5], e.g., in legacy RRC suspend/resume (without Rel-15 EDT) the UE cannot receive DL data in msg4 (in RRCConnectionRelease or RRCConnectionResume). We think this concern can be resolved by earlier retrieve the UE context and activate the AS security in the eNB. And then the eNB can associate the MO UP-EDT Msg3 with the UE for which a paging including MT EDT indication has been sent. 
Moreover, we assume the container for NAS PDU in MO-EDT Msg3 can be empty or optional for MT-EDT case. But in RAN3 specification, a NAS PDU is still needed to trigger S1 interface establishment. Therefore, we assume some RAN3 enhancements would be needed. 
Observation 1: For both UP solution and CP solution, it’s feasible to use legacy (i.e., non-EDT) Msg1 and Msg2 combined with MO-EDT Msg3 and Msg4 for MT EDT case, with RAN3 spec enhancement and earlier retrieving the UE context for UP solution.
During previous discussion, another option has been mention. That is to still use MO-EDT Msg1/Msg2 and EDT Msg3. In order to avoid padding in Msg3, companies suggest to introduce a smaller TBS for only used by MT-EDT. But in [5], it has mentioned MT-EDT specific TBS maybe cannot solve this issue because at this step of the procedure eNB does not know whether the UE is intending MO-EDT or is responding to MT-EDT. We disagree such concern as we think after introduction of a smaller TBS for only used by MT-EDT, the eNB don’t need to differentiate the connection type and can always blindly detect all the (at most five) possible TBS, which would not cause much complexity in eNB. 
Observation 2: It’s also feasible to introduce a smaller TBS for only used by MT-EDT and then the UE can use the MO-EDT Msg1/Msg2 and Msg3 for MT-EDT.
We think from RAN2 perspective the option of reusing MO-EDT Msg1/Msg2 and Msg3 would be simpler, but it needs RAN1 specification work. We have slightly preference for this option.
Proposal 2: For Msg4-based scheme, RAN2 needs to discuss the options of using MO-EDT Msg1/Msg2 and Msg3 or legacy Msg1/Msg2 and Msg3, and choose one of it.
ACK for DL data or UL application data 
For Msg4-based scheme, it may be some difficult or inefficient to support later UL data transmission in such MO-EDT kind procedure as the DL Msg4 is the last message. A straightforward way is to fall back to RRC establishment and let UE enters into RRC_CONNECTED state. 
RAN2 has agreed For UP solution, RRCConnectionResume is used in Msg4 in case UL transmission is expected in response. In [4], it also mentioned for UP solution, UL data is then multiplexed with RRCConnectionResumeComplete in Msg5 and Msg6 can release the RRC connection with an RRCConnectionRelease with or without suspend indication.
However, as it may be highly possible that UE only have one small UL ACK data to send, the UE would be kept in RRC_CONNECTED for a time period without any further transmission which would cause unnecessary UE power consumption. It’s obviously such process for UL application in MT-EDT is not an optimized one. 
Observation 3: Since it may be highly possible that UE only have one small UL ACK data to send, using RRCConnectionResume in Msg4 to fallback the UE into RRC_CONNECTED to transmit the UL ACK data would cause unnecessary UE power consumption.
For CP solution the situation would be more complicated. As mentioned in [4], for RRC message in Msg4, the RRCEarlyDataComplete can be used in case of no UL response. However, in case of UL transmission in response to DL data, no existing RRC message (like RRCConnectionResume in UP solution) can be used for not only including DL data and also later triggering Msg5. Note that in MO-EDT, if the UE receives the RRCEarlyDataComplete, it is not able to send UL response. But if the eNB sends RRCConnectionSetup for triggering fallback, the DL NAS PDU cannot be included in RRCConnectionSetup. In [4], it proposed a new RRC message should be defined for this purpose. In addition, in case of UL response, the UL transmission can be based on the RRCConnectionSetupComplete or the ULInformationTransfer. Considering the signaling overhead, the latter is preferred. We assume such new RRC message would also be used for fallback the MO-EDT procedure and then the similar concern as that for using RRCConnectionResume in UP solution, e.g., UE power consumption would also exists.
Moreover, in order that the network can determine whether to trigger fallback procedure, the network needs information to determine whether there is UL transmission in response to DL data. But this information maybe can only be known by UE itself.
Observation 4: Besides the concern in observation 1, for CP solution, a new RRC message in Msg4 needs to be defined for not only including DL data but also later triggering Msg5. Such new message will cause more complexity for specification. 
Per our understanding, at least for CP solution, another signaling efficient way is worth of consideration. That is to keep the UE in RRC_IDLE state with the assigned UE-specific RNTI for a while instead of to fall back UE to RRC_CONNECTED. That is, after the first round of Msg1~Msg4 exchanging and successful contention resolution, the UE will store the assigned UE-specific RNTI and keep in RRC_IDLE state for a while. The UE can send BSR and monitor PDCCH/PDSCH transmission addressed by the UE-specific RNTI in the common search space (CSS) for UL grant. After the UE sends UL data on the UL grant, the UE can release the UE-specific RNTI and completely enter the RRC_IDLE. 
Such procedure can also be adopted for UP solution in order to solve the concern in observation 3. 
[bookmark: _GoBack]Proposal 3: After Msg4 for MT EDT (reusing MO EDT Msg4), the UE and eNB can store the assigned UE-specific RNTI and keep in RRC_IDLE state for a while to send the possible UL application data.
The example procedures for Proposal 10 are given in Figure 3 and Figure 4:


Figure 3: UL ACK data transmission for Msg4-based MT-EDT (for CP solution)


Figure 4: UL ACK data transmission for Msg4-based MT-EDT (for UP solution)

[bookmark: OLE_LINK1]Conclusions
In this contribution, we make the following observations and proposals:
Observation 1: For both UP solution and CP solution, it’s feasible to use legacy (i.e., non-EDT) Msg1 and Msg2 combined with MO-EDT Msg3 and Msg4 for MT EDT case, with RAN3 spec enhancement and earlier retrieving the UE context for UP solution.
Observation 2: It’s also feasible to introduce a smaller TBS for only used by MT-EDT and then the UE can use the MO-EDT Msg1/Msg2 and Msg3 for MT-EDT.
Observation 3: Since it may be highly possible that UE only have one small UL ACK data to send, using RRCConnectionResume in Msg4 to fallback the UE into RRC_CONNECTED to transmit the UL ACK data would cause unnecessary UE power consumption.
Observation 4: Besides the concern in observation 1, for CP solution, a new RRC message in Msg4 needs to be defined for not only including DL data but also later triggering Msg5. Such new message will cause more complexity for specification.
Proposal 1: Msg4-based solution still needs to be supported for MT EDT and how to choose the solutions can be left to eNB/MME decision.
Proposal 2: For Msg4-based scheme, RAN2 needs to discuss the options of using MO-EDT Msg1/Msg2 and Msg3 or legacy Msg1/Msg2 and Msg3, and choose one of it.
Proposal 3: After Msg4 for MT EDT (reusing MO EDT Msg4), the UE and eNB can store the assigned UE-specific RNTI and keep in RRC_IDLE state for a while to send the possible UL application data.
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