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Introduction
[bookmark: _Ref178064866]During Rel-15 NB-IoT, Mobile originated (MO) early data transmission (EDT) had been standardized for small data transmission. Because of time limitation, however, mobile terminated (MT) EDT is not specified in Rel-15. This contribution aims to provide considerations for MT EDT. 
Discussions
EDT indication
EDT indication is used to indicate that EDT procedure is to be started by UE or eNB. In MO data transmission, EDT indication is performed by UE transmitting on NPRACH for EDT. After receiving preamble on EDT NPRACH resource, eNB will know the UE starts EDT procedure and then corresponding EDT procedure will be followed. In MT data transmission, EDT indication should be indicated from network to UE such that UE can kick off EDT procedure for MT data transmission. EDT indication may be indicated before random access procedure (e.g. EDT indication may be carried in paging message, wake up signal, resynchronization signal, and etc.), and it can trigger UE to reuse MO EDT procedure or messages. If EDT indication is indicated during random access procedure (e.g. EDT indication may be carried in random access response, EDT message 4, and etc.), and UE could reuse legacy random access procedure and messages before EDT indication and perform new procedure after EDT indication. 
Proposal 1	EDT indication should be supported in MT EDT. RAN2 to discussion EDT indication procedure for MT EDT. 

Contention free MT EDT & MT data in Msg2
If eNB can pre-allocate dedicated preamble or contention free NPRACH resource to UE before random access procedure, eNB knows which UE after receiving the dedicated preamble from UE. After that, eNB can send MT data to UE in the response to the dedicated preamble. The MT data may be transmitted by a) RAR with data; b) RRC message with NAS PDU; c) DCI scrambled with RAPID, and etc. The advantage of this method is that signalling exchange steps can be optimized. However, new message or new procedure may be necessary to enable early data transmission in Msg2.
Proposal 2	RAN2 to discuss contention free procedure for MT EDT. 
Contention based MT EDT & MT data in Msg4
If eNB cannot know UE identity when receiving Msg1, eNB could get UE information through Msg3 and then transmit DL data through Msg4. There are two kinds of Msg3 and Msg4 combination. 
1. Legacy Msg3 (i.e. RRCConnectionRequest for CP NB-IoT or RRCConnectionResumeRequest for UP NB-IoT) combines with EDT Msg4 (i.e. RRCEarlyDataComplete for CP NB-IoT or RRCConnectionResume for UP NB-IoT) [1].
2. EDT Msg3 (i.e. RRCEarlyDataRequest for CP NB-IoT or RRCConnectionResumeRequest for UP NB-IoT) combines with EDT Msg4 (RRCEarlyDataRequest for CP NB-IoT or RRCConnectionResume for UP NB-IoT) [2]. 
Because UE may not receive EDT indication before random access procedure, UE may transmit legacy Msg1 and Msg3. Unless a new scheme other than TBS based MO EDT is used to trigger EDT Msg1 transmission, UE should follow legacy random access procedure before Msg4. The advantage is that most procedure or RRC messages can be reused and no wasted resource units will be allocated in EDT Msg2. For UP NB-IoT, however, DRB may not be resumed before Msg4 and MT DL data in EDT Msg4 may not be transmitted on DRB. A new scheme to resume DRB earlier is necessary.
Proposal 3	RAN2 to discuss contention based procedure for MT EDT. 

Associated UL data transmission
According to upper layer protocols (i.e. TCP), there is associated UL data transmission after MT data transmission. However, eNB does not know whether associated UL data will be transmitted from UE and cannot allocate UL grant for UE. To transmit the associated UL data, methods as follows can be applied. 
1. Scheduling Request (SR) with HARQ ACK. The eNB may configure SR with HARQ feedback for the UE in the previous RRC message. The UE replies with HARQ ACK/NACK with negative SR if there is no corresponding UL data. The UE replies with HARQ ACK/NACK with positive SR if there is corresponding UL data. 
2. SR without HARQ ACK. The eNB may also configure SR resource without HARQ ACK for the UE. The UE keeps the SR configuration for a configured amount of time counted by a timer. If associated UL data is transmitted, UE can transmit on the SR resource before the timer is expired. 
3. UE initiates a new MO EDT procedure for the associated UL data transmission. The disadvantage is more exchange signaling is necessary and results in more power consumption and increasing latency.
4. Define a new RRC message for the associated UL data transmission. This RRC message can also be used for confirmation for the RRC message carrying Comparing with SR with HARQ ACK, more power consumption is necessary if there is no associated UL data.
Proposal 4	RAN2 to discuss MT EDT procedure with associated UL data transmission. 

Repetition Scaling for EDT Msg3
When MO EDT messages is reused, eNB may not know whether UE has MO data to send when it receives NPRACH preamble, eNB may send an UL grant with TBS larger than 88 bits. In this case, UE should be able to send only TBS of 88 bits if it does not have MO data to send in Msg3. Therefore, eNB should also blind decode the received MSG3 assuming TBS of 88 bits, which can avoid excessive padding at UE side. The number of repetitions should also be scaled down to avoid unnecessary power consumption. For example, the scaling can be done by multiplying the scheduled number of repetitions by , where Max TBS is the maximum TBS configured in system information.
To avoid eNB having to blind decode Msg3 assuming TBS of 88 bits for every received MSG3, NPRACH preamble or NPRACH resource for MO EDT and MT EDT can be configured to be non-overlapped or partially overlapped. In this way, eNB only need to assume TBS of 88 bits for the Msg3 corresponding to the NPRACH preamble received for MT EDT, so that the number of hypotheses when performing blind decoding can be reduced. In addition, Maximum TBS should be able to be configured differently for the NPRACH preamble or NPRACH resource for MO EDT and MT EDT. That is, to reduce the number of hypotheses when performing blind decoding, maximum TBS is configured to be smaller for the NPRACH preamble or NPRACH resource for MT EDT.
Proposal 5	RAN2 to discuss efficient resource scheduling when EDT Msg3 is used for MT EDT. 

Conclusions
In this contribution we discussed design aspects for MT EDT and we proposed the following:
Proposal 1	EDT indication should be supported in MT EDT. RAN2 to discussion EDT indication procedure for MT EDT. 
Proposal 2	RAN2 to discuss contention free procedure for MT EDT. 
Proposal 3	RAN2 to discuss contention based procedure for MT EDT. 
Proposal 4	RAN2 to discuss MT EDT procedure with associated UL data transmission. 
Proposal 5	RAN2 to discuss efficient resource scheduling when EDT Msg3 is used for MT EDT. 
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