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Justification - Enhancements for transmission of small data packets in MTC/NB-IOT using shared uplink resources
The predicted massive amount of IoT devices bring challenges to the 3GPP mobile communication systems that are not fully met by the current technologies, e.g.. eMTC and NB-IoT. Especially the high number of infrequent small data transmissions is going to challenge the uplink channel capacity and procedures. The recently announced feature “Early Data Transmission” (EDT) addresses the disadvantage of the high signalling overhead for small data packets but may not be able to support higher number of devices due to the limited capacity of the RACH.
Further evolved or new solutions are needed to cope with the massive MTC use cases that can be flexibly configured for different network loads and data packet sizes. In addition the energy consumption of the devices should be a key performance indicator for all new technologies.
This flexibility requires a dynamic method to multiplex the UEs within the uplink resources. Common for a wide range of shared resource systems is time-frequency-hopping with defined pattern that allow a high orthogonality – but do not necessarily be 100% orthogonal. Segmentation and interleaving of bit sequences combined with an appropriate error correction scheme allows for a very low PER even if single segments collide on some time-frequency resources (TFR)
Figure 1 illustrates the very basic concept of message segmentation, interleaving and mapping of the segments onto TFRs by employing an access pattern, thus using time-frequency diversity.
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Figure 1: Basic concept of message splitting

The eNodeB configures the available physical UL resources depending on the average UL load and can therefore support a very large number of UEs at low duty cycle or during UL bursts. Especially for mobile-originated transmission w/o dedicated previous grant or scheduling, this method can save UE power and resources on the control channels as no dedicated UL control channel is needed for the transmission (control information can be multiplexed).
Power control of the UEs is optional if the access pattern is designed to be sufficiently orthogonal.
Considering the performance aspects message segmentation will enable a high achievable load due to exploiting time and frequency diversity. Message segmentation significantly outperforms slotted ALOHA contention based systems, as shown in Figure 2. The figure displays the packet error rate of message segmentation (called splitting) versus slotted ALOHA for various values of network load per frequency channel, where TT is the time duration of the un-split message and λ is the arrival rate of the un-split message per second. For FEC a convolutional code with code rate 1/3 has been used. The load gain of message splitting versus slotted ALOHA is a factor of 18 for PER=1% and a factor of 2.6 for PER=10%.
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Figure 2: Robustness of message splitting against intra system interference

Objective – Improving Power Efficiency and Signalling Overhead Reduction
The objective of this topic as part of a potential SID/WID “Additional Enhancements for {MTC, NB-IoT}” is to enable the energy efficient transmission of small data packets in shared uplink resources, either via NB-IoT or LTE, capable of handling multiple devices in parallel and with higher system capacity as in traditional slotted-ALOHA systems.
The detailed objective is as follows:
· Support of transmission in shared uplink resources
· Assign resources via broadcast message to multiple UEs (e.g. group of UEs)
· [bookmark: _GoBack]Transmit data via segmentation with FEC protection
· Size of segments is configurable
· Define access pattern for sub-packets to use time-frequency diversity
· Access pattern are not necessarily orthogonal to each other
· Number of access pattern is configurable
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