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1. Introduction 
RAN WID [1] has following objective for the EDT enhancements.
Study and specify, if beneficial the following enhancements to reduce the necessary uplink and downlink signaling to complete an Early Data Transmission (EDT) transaction [RAN2]:
· Msg3 transmission without msg1/ Random Access Response (RAR) 
In this document, we provide some solutions for efficient specifications of Msg3-EDTenhancements and describe the challenges related to the solutions, which need to be discussed. 
2. Discussion 
[bookmark: _Toc163116730]Diversity Slotted Aloha for EDT enhancement
[bookmark: _Toc163116731]As noted in the recent 3GPP contribution [R2-2402811] dealing with the Msg3-EDT transmission without Msg1, the current Slotted ALOHA-like Random Access (RA) scheme adopted in NB-IoT is spectrally very inefficient (about 1%). The approach proposed in this document is quite appealing as it can boost the EDT throughput on Msg3 along with a minimum impact on the standard. Although the focus of this contribution is on the “Msg 3 transmission without msg1” which is a part of Rel-19 scope, we note that the discussed enhancements could be equally applied to 4-step RACH EDT.

The simple transmission of packet replicas in a slotted ALOHA (SA) system dubbed Diversity Slotted ALOHA (DSA) [2] allows to improve the conventional SA throughput by about a factor of 6 at a packet error rate of 10-2 (see Figure 2) without any modification in the demodulator. Therefore, enabling Msg3-EDT replica transmissions, the uplink capacity is improved. We would like to note that these “replica transmissions” have the objective of providing collision diversity, not coverage extension (unlike the typical repetitions in 3GPP).

Observation 1: DSA is improving the Msg3 EDT (without msg1) throughput by about a factor of 6 without any impacts on the current receiver implementation at the network, and minimal specification impact overall.

Like Diversity Slotted ALOHA (DSA), Contention Resolution Diversity Slotted ALOHA (CRDSA) [3] transmits every packet two or more replicas, Nreplica in randomly selected slots within a TDMA/FDMA frame of Nslots. The novelty is that, to help contention resolution, each physical layer packet contains in the payload header information about the location of the replicas within the allocated TDMA/FDMA frame. At the receiver side, the complete frame is sampled and stored in a digital memory at the demodulator side. The CRDSA solution has been adopted and practically demonstrated in the satellite DVB-RCS2 standard [4].

By using simple, yet efficient decision-directed interference cancelation techniques described in [3], the less or non-interfered packets are initially demodulated (e.g., Packet 3 in slot 5 in Figure 1 referring for simplicity to a single carrier TDMA system), and the interference generated by their replicas on other slots is cancelled (e.g., Packet 3 removed from the slot 4, therefore allowing the detection of the Packet 2). By performing iterative processing of the TDMA/FDMA frame, most of the initial collisions can be resolved. In the context of NB-IoT, the y-axis shall be interpreted as one of the available tones (e.g., from 0 to 47 for 3.75 kHz NPUSCH), therefore the collisions shown in Figure 1 are representing other UEs selecting the same NPUSCH tone. Of course, differently from this depicted example, the concept can be easily extended to the case where packet replicas will be randomly allocated in a different NPUSCH tone and still belonging to the assigned EDT time slots.
For the sake of clarity, the transmission sequence depicted below will be decoded as follows: Packet 3, Packet 2 (after cancelling Packet 3), Packet 1 (after cancelling Packet 2), Packet 6 (after cancelling Packet 1), and finally an unresolved collision between the Packet 4 and Packet 5. Note that in general, due to the presence of a powerful FEC, packet decoding may also occur in case of colliding packets.
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[bookmark: _Ref165887519]Figure 1: Example of CRDSA TDMA frame with two replicas per packet from [5].
The adoption of the CRDSA scheme will allow to boost by much more than one order of magnitude the RA throughput compared to conventional SA. As shown in Figure 2 (a), with 3 replicas, QPSK modulated with rate 1/2 Forward Error Correcting (FEC) turbo code as and equi-powered packets, a channel utilization of 58% can be achieved with still packet error rate lower than 10-2, which represents a 58-fold throughput improvement compared to a legacy SA approach and providing a spectral efficiency comparable to an orthogonal multiple access scheme adopting the same physical layer. In [6] it was shown that CRDSA throughput can be further increased to 0.8 bits/symbol (i.e. 80 times the SA) using as FEC the r=1/3 3GPP turbo code. 
Another important feature of CRDSA is that, as shown in [6], its performance is exceeding 1 bits/symbol (i.e. > 100 times the SA throughput) in the presence of power unbalance among received packets, as is often the case. This counter intuitive result is made possible by the interference cancellation-based collision resolution. In fact, although at physical layer the number of resources occupied by a single user is multiplied by Nreplica, the number of successful decoded packets is 80-120 times larger than conventional SA. 
Observation 2: CRDSA is improving the legacy SA-based throughput of about a factor of 80 for balanced power packets and more than a factor of 100 for unbalanced packets power, which is highly relevant in NTN IoT scenarios.

In our opinion, CRDSA and DSA can be enabled in the standard by adding some minor modifications to the current NB-IoT Msg3-EDT packet payload. The Msg3-EDT transmission will become more reliable and much more efficient in the context of small size IoT packets for NTN services, without resorting to network resources in demand assignment (i.e., after the Msg4).
Proposal 1: RAN2 to study enhanced random access techniques, such as Diversity Slotted ALOHA (DSA) and Contention Resolution Diversity Slotted Aloha (CRDSA), for improved random-access performance of Msg3-EDT transmissions without msg1/ Random Access Response (RAR).

[image: A graph of a graph of a load

Description automatically generated with medium confidence]
Figure 2: Simulation S-ALOHA, DSA, and CRDSA performance for Nrep=2 and 3, Nslots=100, QPSK modulation, 3GPP turbo code FEC r=1/2, packet block size 100 bits, Es/N0=7 dB in the presence of no power imbalance, and Poisson traffic (from [5]).


3. Conclusion
Following observations and proposals are made:
Observation 1: DSA is improving the Msg3 EDT (without msg1) throughput by about a factor of 6 without any impacts on the current receiver implementation at the network, and minimal specification impact overall.

Observation 2 CRDSA is improving the legacy SA-based throughput of about a factor of 80 for balanced power packets and more than a factor of 100 for unbalanced packets power, which is highly relevant in NTN IoT scenarios.

Proposal 1: RAN2 to study enhanced random access techniques, such as Diversity Slotted ALOHA (DSA) and Contention Resolution Diversity Slotted Aloha (CRDSA), for improved random-access performance of Msg3-EDT transmissions without msg1/ Random Access Response (RAR).
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