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Introduction
A new RAN1-led Working Item on Rel-16 enhancements for NB-IoT was approved at RAN Plenary #80 [1].  In particular, a RAN1 objective aims to study the enhancement on UE power consumption as shown below
Improved UL transmission efficiency and/or UE power consumption:
· Specify support for transmission in preconfigured resources in idle and/or connected mode based on SC-FDMA waveform for UEs with a valid timing advance[RAN1, RAN2, RAN4]
· Both shared resources and dedicated resources can be discussed
· Note: This is limited to orthogonal (multi) access schemes

Early Data Transmission (EDT) in Message 3 in random access procedure and UL Semi Persistent Scheduling for connected UEs  were specified in Release 15. An extension of early data transmission in message 3 would be to skip the Message 1 and Message 2 steps in the EDT random access procedure, where the UE directly transmit data in Message 3 using preconfigured UL resources in idle mode. This contribution aims to discuss optimization of early data transmission for idle UEs using preconfigured UL resources.
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Release 15 Early Data Transmission
Early Data transmission was specified in Release 15. Figure 1 illustrates the EDT procedure.
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Figure 1 EDT procedure
We further look in details at step 1.2 and step 2 in the EDT procedure. The following are done in the UE and eNB in step 2.
· Step 1.2: UE sends EDT RACH preamble
· Step 2.1: eNB schedules one multiple UL grant in RAR =subset of actual TBS {T1, T2, T3, T4} linked to max TBS (there is one max TBS per CE level). 
· Step 2.2: Number of repetitions of Msg3 indicated in RAR, scalable based on actual TBS.
· Step 3.1: [UP] The UE resumes DRBs and SRBs from the stored UE configuration. 
(Except for SRB0, and SRB1 for reception of RRC Connection Resume message, this was previously done after the UE receives RRC Connection Resume message and moves to RRC Connected mode). 
· Step 3.2: UE chooses actual TBS in subset that matches its packet size, adds padding as needed, and transmits TB. Same TB is used if Msg3 re-Tx needed. eNB blindly decodes received TB from UE trying each decoding hypothesis, or subset of decoding hypothesis, as indicated in RRC configuration. 
Steps 4 – 6: During this period of time it is assumed that by eNB or MME trigger, there will be a decision to send the UE either back to idle mode or to RRC connected. Depending on this decision some of the steps in this period may not be needed. A possible reason for moving the UE to RRC connected mode could be for example that more data is expected in the UL or DL.
UE can fall back to legacy RA procedure if actual grant is not good match. eNB can indicate in DCI associated with RAR to fall back to legacy Msg3 if  Msg3 re-Tx fails.
The output of step 2.1 in the above EDT procedure is a multiple UL grant in the Random Access Response message. The values of the multiple UL grant are derived from the RRC configuration as illustrated in Figure 2. For example, if  eNB broadcast max TBS = 808 bits, then the configured multiple UL grant is {328 bit, 504 bits, 680 bits, 808 bits}.     
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Figure 2 Multiple UL grant in RAR in EDT procedure

Observation 1: The RRC configuration for multiple UL grant will be shared by all EDT-capable UEs in the serving cell and used at least for the duration of a System Information broadcast period.

Transmission using preconfigured UL resources
We now look at simplification of EDT procedure outlined in the previous section. The EDT configuration is reused – i.e. max TBS, UL TBS table for early data transmission. The eNB configures multiple UL resource pools for Message 3 on NPUSCH for actual TBS {T1, T2, T3, T4} linked to max TBS (there is one max TBS per CE level). The number of repetitions of NPUSCH indicated in RRC, scalable based on actual TBS.
The step 1.2 in EDT procedure is skipped. Since the UE does not transmit the EDT NPRACH preamble, the eNB does not need to send the RAR with multiple UL grant and steps 2.1 and 2.2 in EDT procedure can also be skipped. The UE may directly proceed to step 3.1 and 3.2 detailed in the previous section. Steps 4-6 in EDT procedure are unchanged.
Proposal 1: Re-use the EDT configuration for transmission of data using preconfigured UL resources– i.e. max TBS, UL TBS table for early data transmission.
Proposal 2: Skip EDT NPRACH preamble transmission and corresponding RAR for transmission of data using preconfigured UL resources.

There can be many idle UEs within a tracking area. An eNB within the tracking area does not know about idle UEs camping on its cell. Preconfigured NPUSCH resources for early data transmission can be done with shared resources or dedicated resources. Assuming idle UEs have a valid timing advance implies fixed devices such as smart meter or fixed sensors. These devices are stationary. The network can assume these devices will stay in the same cell and will not need to move to connected mode to initiate UL timing alignment procedure.
Dedicated NPUSH resources for early data transmission: this way suits fixed devices known to transmit at regular times or within some periodicity such as smart meters. The network can also assume these devices transmit at fixed configured times. Traffic model for these fixed devices may not be predictable. 
Common NPUSCH resources for early data transmission: this way suits fixed devices whose transmissions cannot be predicted such as sensors. This type of device may transmit sensor data at irregular times (i.e. requiring immediate transmission on detecting abnormal conditions). The difference with dedicated NPUSCH resources is that the transmission is not contention free. It is expected that there could be a significant difference in level of UL resource to configure NPUSCH resources for early data transmission compare to Release 15 EDT. This is mainly due to (i) lack of knowledge on number of idle UEs that may transmit early on preconfigured resources; (ii) over dimensioning of resources to reduce contention in case preconfigured resources are shared by idle UEs. On the other hand, since EDT NPRACH preamble is skipped, significant UL resources can be spared in simplified procedure. Configuration of common resource pools for transmission of Message 3 on NPUSCH should support EDT TB sizes. 

The impact on specification of dedicated NPUSH resources for early data transmission is likely to be smaller than that with common NPUSCH resources and seems suitable to an important type of fixed devices such as smart meters. Hence, we make the following proposals. 
Proposal 3: Preconfigured NPUSCH resources for early transmission of data are dedicated to special type of fixed UEs that transmit at regular times or within some periodicity is baseline.  
Observation 2: Special type of fixed devices configured with dedicated NPUSCH resources for early data transmission that need to transmit outside fixed configured times may fallback to legacy early data transmission based on NPRACH.
Proposal 4: Study of preconfigured NPUSCH resources for early transmission of data shared by special type of fixed UEs that transmit at irregular times is FFS.  
Observation 3: Special type of fixed devices configured with shared NPUSCH resources for early data transmission that experience too many collision may fallback to legacy early data transmission based on NPRACH.
Proposal 5: Study of fallback mechanisms to legacy EDT procedure is FFS.

Conclusion
In this contribution, we discussed optimization of early data transmission for idle UEs using preconfigured UL resources.
Observation 1: The RRC configuration for multiple UL grant will be shared by all EDT-capable UEs in the serving cell and used at least for the duration of a System Information broadcast period.
Proposal 1: Re-use the EDT configuration for transmission of data using preconfigured UL resources– i.e. max TBS, UL TBS table for early data transmission.
Proposal 2: Skip EDT NPRACH preamble transmission and corresponding RAR for transmission of data using preconfigured UL resources.
Proposal 3: Preconfigured NPUSCH resources for early transmission of data are dedicated to special type of fixed UEs that transmit at regular times or within some periodicity is baseline.  
Observation 2: Special type of fixed devices configured with dedicated NPUSCH resources for early data transmission that need to transmit outside fixed configured times may fallback to legacy early data transmission based on NPRACH.
Proposal 4: Study of preconfigured NPUSCH resources for early transmission of data shared by special type of fixed UEs that transmit at irregular times is FFS.  
Observation 3: Special type of fixed devices configured with shared NPUSCH resources for early data transmission that experience too many collision may fallback to legacy early data transmission based on NPRACH.
Proposal 5: Study of fallback mechanisms to legacy EDT procedure is FFS.
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