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Introduction
[bookmark: _Ref421460494]At RAN#75 it was agreed to start the Release 15 work item on Further NB-IoT enhancements. In this paper we address the objective on Support for early data transmission [1]:
· Evaluate power consumption/latency gain and specify necessary support for DL/UL data transmission on a dedicated resource during the Random Access procedure after NPRACH transmission and before the RRC connection setup is completed. [RAN2, RAN1, RAN3] 

At RAN1#89 it was agreed that:
· From RAN1 perspective, it is beneficial to support early data transmission for NB-IoT UEs with any coverage.

This observation was also sent to RAN2 in liaison R1-1709475 [2]. In this contribution, we summarize the findings made in references [3], [4] and [5] and make a proposal on sending a new LS to RAN2 to facilitate further progress in RAN1. 

The focus of the paper is to evolve the Evolved Packet System (EPS) Cellular IoT optimization for user plane solution to facilitate uplink data transmission in Msg3 and downlink data in Msg4.
Discussion
Data in Msg3
A promising solution for early data transmission is to append uplink data to Msg3. In terms of the RRC Resume solution this means that uplink data is multiplexed with the RRC Connection Resume Request in Msg3 instead of multiplexing with the RRC Connection Resume Complete in Msg5. This multiplexing is supported in the MAC layer.
This would reduce the latency by the time it takes to transmit the NPDCCH, NPDSCH, NPUSCH F1 and NPUSCH F2 physical channels associated with the RRC Connection Resume (Msg4) and the RRC Connection Resume Complete (Msg5) messages. 
To facilitate flexible use of this feature, RAN1 should review the suitability of the uplink grant in the Random Access Response to support data transmission in the RRC Connection Resume Request. Currently the NB-IoT Random Access Response grant supports a fixed transfer block size (TBS) of 88 bits, which in our view needs to be extended to make data transmission in Msg3 an attractive feature.
[bookmark: _Hlk490220881]Proposal 1	The size of data that can be transmitted in Msg3 is extended beyond 88 bits.
The range and granularity of supported transfer block sizes depends on the protocol stack, the ability of PDCP layer to compress eventual IP headers, and the application used by a NB-IoT device. To exemplify, consider that since Release 13 there has been a strong focus on the combination of COAP/DTLS/UDP/IP protocols which in combination with PDCP/RLC/MAC adds an overhead in the range of 40 – 75 bytes per transmitted message, depending on the successful use of IP header compression in the PDCP layer. Now when NB-IoT is being deployed and more experience have been gained it would be valuable to ask RAN2 for input on the expected range of supported TBSs for early data transmission.
Proposal 2	RAN1 should send a LS to RAN2 and ask them for input on the expect TBS range to be supported by early data transmission in Msg3.
This input can be used as guidance on specifying the minimum TBS and maximum supported by Msg3 for early data transmission.
RAN1 is also responsible for the definition of the Narrowband random access response grant which in Release 15 is a 15 bit container containing the following information elements (see TS 36.213, section 16.3.3. for details):
-     Uplink subcarrier spacing [image: ] (1 bit)
-     Subcarrier indication field [image: ] (6 bits)
-     Scheduling delay field ([image: ]) (2 bits)
-     Msg3 repetition number [image: ] (3 bits)
-     MCS index indicating TBS, modulation, and number of RUs for Msg3 (3 bits)
RAN1 should also consider if these definitions apply for the random access response grant for Msg3 for early data transmission. RAN1 also need to ask RAN2 for input on the number of bits that RAN1 have at their disposal when defining the grant for early data.
 Proposal 2	RAN1 should in the LS to RAN2 to ask for how many bits we may use in the design of the random access response grant for Msg3 for early data.
Data in Msg4
For early downlink data transmissions data can be multiplexed in the MAC layer with the RRC Connection Resume message in Msg4, instead of transmitting after the RRC Connection Resume Complete (Msg5). This would reduce the latency to the time it takes to transmit the NPUSCH, NPDCCH and NPDSCH related to RRC Connection Resume Complete. 
The RRC Connection Resume message is scheduled using DCI format N1 scrambled by temporary C-RNTI. The available set of TBSs is the same as when scheduling the NPDSCH on a data radio bearer and should be sufficient to cater for early data in Msg4. From RAN1 point of view data in Msg4 should have no impact on the specifications. 
Observation 1	From RAN1 point of view data in Msg4 should have no impact on the specifications.
Conclusions
In this paper we discussed a method for transmitting data in Msg3 and Msg4 to support early data transmission. We made the following set of proposals and observations:
Proposal 1	The size of data that can be transmitted in Msg3 is extended beyond 88 bits.
Proposal 2	RAN1 should send a LS to RAN2 and ask them for input on the expect TBS range to be supported by early data transmission in Msg3.
Proposal 3	RAN1 should in the LS to RAN2 and ask for how many bits we may use in the design of the random access response grant for Msg3 for early data.
Observation 1	From RAN1 point of view data in Msg4 should have no impact on the specifications.
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