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1
Introduction
In this contribution we outline the proposal of studying the benefits of uplink contention-based access for small uplink packet transmission in 5G New Radio as a solution to fulfil the requirements outlined in 3GPP TR 38.913 [1]
Section 2 outlines the functionality requirements and the related motivation, while Section 3 concludes the contribution with a set of proposals.
2
Design fundamentals and requirements of contention-based access
Basic considerations

Random Access in LTE includes a collision resolution mechanism enabling scheduled and collision-free transmission of uplink data in the PUSCH in a later step. The requirements for 5G New Radio outlined in [1] presume a significantly higher UE density, eventually combined with infrequent transmissions of small uplink data packets, e.g. from battery limited devices with given delay requirements. Classical scheduled and contention-free access may be inefficient regarding spectrum usage, device energy consumption, and scalability. Contention-based access has the capability to reduce the number of required signalling messages to be exchanged between network and UE, thus providing the potential to a) accelerate the data transmission, b) as direct consequence, reducing the required energy consumption in the device due to shorter on-time of the radio module, and c) leading to an increase of the number of UEs that can be simultaneously active. This leads to the
· Proposal 1: To study the benefit of UL contention-based access for infrequent small packet transmissions from a very high density of devices. Potential benefits shall e.g. be related to latency of infrequent small packets, UE battery life, signalling overhead, and connection density. 
Generally, contention-based access provides the option to transmit the UL data packet already in the first stage of the communication between UE and network, thus omitting the Random Access Response [2]. Consequently, the timing advance is unknown, and tight UL synchronization is not possible for this option. The motivation for asynchronous UL transmission is a) to further accelerate data transmission, in particular for very small data payload sizes, and b) to further reduce the required signalling load in both DL and UL assuming a very big number of simultaneously active UEs. [3] This leads to the 
· Proposal 2: To study the benefits of UL contention-based access for both the cases of UL synchronous and UL asynchronous transmission.
Proposals 1 and 2 will have several impacts on the design of the Physical Channels of 5G New Radio [4]. As examples, asynchronous UL transmission may lead to mutual interference between UEs within the same cell, and the multitude of simultaneously active UEs may require different PRACH formats or configurations [4], [5]. This leads to the
· Proposal 3: To study what requirements and impact contention-based transmission may have on physical layer design including waveforms, frame format, symbol and subcarrier numerology, preamble design, and DM-RS design 

Further performance potential of contention-based access

Contention-based access in the 5G New Radio uplink may need additional, complementary techniques to fulfil the requirements outlined in [1]. In particular the design of the transmission scheme of contention-based access has to exploit the availability of multiple antennas at the base station, e.g. through superposition techniques and spatial separation of signals [6]. This leads to the
· Proposal 4: To study the applicability of spreading and multiuser detection techniques for enhancing the performance of contention-based transmission 

RRM aspects of contention-based access
The reduced signalling of contention-based access has impact on the overall Radio Resource Management in 5G New Radio. As an example, UEs operating in contention-based access mode may have to select transmit power and transport format autonomously. Furthermore, a collision resolution mechanism during or after the small packet transmission and a re-transmission scheme either in contention-based or contention-free scheduled mode is required [2]. This leads to the 
· Proposal 5: To study RRM aspects of UL contention-based access including load control, collision resolution, power control, link adaption, and low complexity recovery mechanisms of non-successful UL transmissions (H-ARQ) 

Integration of contention-based access with contention-free scheduled access
The working assumption is that 5G New Radio will offer options for both contention-based and contention-free scheduled access. The optimal operation mode for the UE and for the overall network may depend on parameters like traffic load, payload size, and required service quality. Ideally, 5G New Radio provides means for a seamless transition between contention-based and contention-free scheduled access [7]. This leads to the
· Proposal 6: To study means for flexible control between contention-based and contention-free scheduled UL access. This includes aspects of packet size, traffic type, load information, required levels of latency and reliability, etc.
3
Conclusion
The contribution is concluded by summarizing our initial proposals for studying 5G New Radio uplink contention-based access. It is recommended that these proposals are taken as working assumptions when moving forward with the 5G New Radio SI. 
Proposal 1: To study the benefit of UL contention-based access for infrequent small packet transmissions from a very high density of devices. Potential benefits shall e.g. be related to latency of infrequent small packets, UE battery life, signalling overhead, and connection density. 
Proposal 2: To study the benefits of UL contention-based access for both the cases of UL synchronous and UL asynchronous transmission. 
Proposal 3: To study what requirements and impact contention-based transmission may have on physical layer design including waveforms, frame format, symbol and subcarrier numerology, preamble design, and DM-RS design 

Proposal 4: To study the applicability of spreading and multiuser detection techniques for enhancing the performance of contention-based transmission 

Proposal 5: To study RRM aspects of UL contention-based access including load control, collision resolution, power control, link adaption, and low complexity recovery mechanisms of non-successful UL transmissions (H-ARQ) 
Proposal 6: To study means for flexible control between contention-based and contention-free scheduled UL access. This includes aspects of packet size, traffic type, load information, required levels of latency and reliability, etc.    
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