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Introduction
[bookmark: _Ref421460494]In RAN#75 it was agreed to start the Release 15 work item on Further NB-IoT enhancements, wherein one objective is 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] 
And, in RAN1#89 it was agreed that [2]:
· From RAN1 perspective, it is beneficial to support early data transmission for NB-IoT UEs with any coverage.
In this contribution, we discussed possible specification impacts to support early data transmission from RAN1 perspective including UL early data transmission and DL early data transmission.
UL early data transmission
For UL early data transmission during RACH procedure after NPRACH transmission and before RRC connection setup, it means UL early data transmission is exactly carried by Msg3 which is mainly used to carry UE ID information for RRC connection/reconnection request or RRC suspend/resume request in previous Release. In order to support UL early data transmission via Msg3, there may be following possible specification impacts from RAN1 perspective, i.e., indication of early data transmission request, and TBS extension of Msg3 NPUSCH. 
Indication of early data transmission request
One indication should be used to request UL early data transmission to eNB to differentiate from normal RACH procedure. The most straightforward solution is to partition existing NPRACH resource pool to indicate the early data transmission, e.g., using the reserved resource of NPRACH. However, the capacity may be limited. Therefore, it is more flexible to configure a separate NPRACH resource for early data transmission in Msg 3, e.g. different time/frequency NPRACH resources are used to indicate early data transmission in Msg 3. Moreover, different non-anchor carrier can be configured for the dedicated NPRACH resource. 
During the discussion for NPRACH enhancement as well as dedicated scheduling request, symbol group mask was considered to reduce NPRACH false alarm rate or increase the capacity of NPRACH and provide a scheduling request. The solution is backward compatible. If the performance can be verified, a symbol group mask can be used to request a large TBS for Msg 3. Moreover, different mask can be used to carry data volume indication, so that eNB can have more information to schedule a proper grant for Msg 3. 
Observation #1: Different time/frequency resource including different non-anchor carrier of NPRACH can be used to indicate early data transmission in Msg 3. With verified performance, a symbol group level mask can also be used to request large TBS for Msg3. 
Another option is proposed in [3], where eNB can schedule two UL grants with different TBS for UE to choose. In this case, there is no need to use Msg 1 to request a large TBS. eNB will perform blind detection on the two scheduled UL grants for Msg3. The complexity shall not be a problem for eNB. Since the two UL grants are indicated to the same UE, the time/frequency resource can be overlapped. Therefore, the additional resource overhead may be acceptable. 
Observation #2: eNB can schedule two UL grants for the UE to support early data transmission in Msg 3. If UE can support this feature and there are traffic data in the buffer, UE can choose larger TBS to transmit Msg 3 with traffic data. 
Proposal #1: Further study on using Msg 1 or Msg 2 to enable early data transmission in Msg 3.
TBS extension of Msg3 NPUSCH
In current specification, TBS of Msg3 NPUSCH for NB-IOT UE is fixed to 88bits. To support UL early data transmission via Msg3, TBS value of Msg3 NPUSCH needs to be extended. The legacy 3bits MCS field in RAR grant can be kept, and reserved MCS index can be used to support a large TBS value. If eNB indicates 88 bits in RAR grant for Msg3 NPUSCH, UL early data transmission request can be fall back to normal PRACH procedure. If eNB indicates a larger TBS than 88 bits in RAR grant for Msg3 NPUSCH, UL early data transmission can be carried by Msg3. One problem is that whether or not single TBS value is sufficient for UL early data transmission of NB-IOT UE with any coverage. Therefore, it suggests to send RAN 2 LS to ask for the recommendation on the number of TBS and TBS values for NB-IoT early data transmission in Msg 3. If the number of TBS is too many, 1 reserved bit in RAR can be used to extend MSC field to support more TBS values. And, the extended TBS value should be selected from existing TBS table.
However, this solution may only suitable for using Msg 1 to indicate early data transmission. If eNB doesn’t know if the UE support large TBS in Msg 3 or not, that UE may always drop the RAR. It may increase UE power consumption for legacy UE. For the solution of sending two UL grants in RAR, the reserved bits can be used to indicate a different MCS field with larger TBS. The rest of parameters (e.g., scheduling delay, repetition, frequency allocation) in Msg 3 can be shared between two grants. 
In addition, Msg3 NPUSCH is currently limited to single-tone transmission when NPRACH repetition number is configured to be 32 or more. Whether the limitation is still suitable when Msg3 NPUSCH is used for UL early data transmission should be considered. 
Proposal #2: Send LS to RAN 2 to ask for the recommendation on the number of TBS and TBS values for early data transmission in Msg 3 for NB-IoT.
Proposal #3: Modify MSC table in UL grant in RAR to support large TBS based on existing TBS table. 
DL early data transmission
For DL early data transmission during RACH procedure after NPRACH transmission and before RRC connection setup, it means DL early data transmission is exactly carried by Msg4 since UE ID information cannot be captured by eNB before Msg3 transmission. Currently, there is no restriction for TBS value of Msg4 NPDSCH which is the same as normal NPDSCH. DCI format N1 scrambled by temporary C-RNTI can be used to schedule Msg4 NPDSCH for combined transmission of DL data payload and RRC message. From RAN1 perspective, there is no any specification impact to support DL early data transmission via Msg4. 
Observation #3: From RAN1 perspective, there is no any specification impact to support DL early data transmission using Msg4.
Conclusion
In this contribution, we discussed possible specification impacts for supporting early data transmission from RAN1 perspective. Based on above discussion, we have following observations:
Observation #1: Different time/frequency resource including different non-anchor carrier of NPRACH can be used to indicate early data transmission in Msg 3. With verified performance, a symbol group level mask can also be used to request large TBS for Msg3.
Observation #2: eNB can schedule two UL grants for the UE to support early data transmission in Msg 3. If UE can support this feature and there are traffic data in the buffer, UE can choose larger TBS to transmit Msg 3 with traffic data. 
Observation #3: From RAN1 perspective, there is no any specification impact to support DL early data transmission using Msg4.
Based on the analysis and observations, we proposed:
Proposal #1: Further study on using Msg 1 or Msg 2 to enable early data transmission in Msg 3.
Proposal #2: Send LS to RAN 2 to ask for the recommendation on the number of TBS and TBS values for early data transmission in Msg 3 for NB-IoT.
[bookmark: _GoBack]Proposal #3: Modify MSC table in UL grant in RAR to support large TBS based on existing TBS table. 
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