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1. 
Introduction

The future 5G networks are envisioned to be extremely efficient and scalable across a range of services, new industry verticals, and cost-effective deployment topologies - from macro cells to small cells across licensed and unlicensed spectrum. Adopting the appropriate Multi Access techniques will be a key design challenge.

In this contribution, we are proposing some general requirements on multiple access optimization for different use cases. Supplementary to this contribution, we discussed in [1] several Multiple Access techniques that can be further evaluated to optimize 5G network performance. We also proposed in [2] detailed strategy and performance metrics for evaluation of the various multiple access techniques.
2.
Multiple Access Design Requirements 

From an information theory perspective, the wireless channel is a classical multiple access channel, where different transmitters and receivers share the time and frequency resources in sending data. Depending on the multiple access scheme, each user’s signal can either interfere with other users’ signal, in which case we have non-orthogonal multiple access, or not interfere with other users, in which case we have orthogonal multiple access.

Various multiple access schemes have been adopted in existing cellular systems, respectively. Non-orthogonal CDMA technology has been widely used in commercial systems such as IS-95, and 3G CDMA 2000, EVDO (uplink only), and UMTS WCDMA. These 3G CDMA uplink systems provide high capacity and enable a large number of users to efficiently share the spectrum. Orthogonal frequency division multiple access (OFDMA) has been deployed in 4G LTE systems, facilitating the application of MIMO and suppressing the effects of intra-cell interference to allow high spectral efficiency for broadband data across users in the downlink. 

The future 5G networks are envisioned to be extremely efficient and scalable across a range of services, new industry verticals, and cost-effective deployment topologies – from macro cells to small cells across licensed and unlicensed spectrum.  Adopting the appropriate multi-access techniques will be a key design challenge.
2.
eMBB

Design goal of eMBB is to improve spectral efficiency and reduce latency. 
Spatial multiplexing among users and high spectral efficiency

In eMBB use cases, it is important for the system to achieve high spectral efficiency depending on the requirements. Moreover, the multiple access scheme should designed with the waveform to maximize this both for each user whether or not the medium is being shared simultaneously with others. 
In the downlink, this requirement can be high since the transmit power at the basestation is large and inactivity at neighboring basestations could lead to very high SINR. 
In the uplink, this requirement can be lower per user due to the smaller available transmit power, but when there are many users it becomes possible to achieve higher aggregate spectral efficiency since there is both more aggregate transmit power and more spatial diversity among the transmitters.

Interference management

Multiple access schemes can impose different requirements on interference management. For instance, GSM which TDMA and requires coloring with lower frequency reuse in order to cover the network and meet the link budget requirements. In contrast, LTE downlink can operate with full reuse in a planned deployment while at the same time allowing for fractional frequency reuse and orthogonal intercell interference management for small cell unplanned or loosely planned deployments. 

For the uplink, power control becomes another important factor for interference management. Inter-cell power control is essential for any system to ensure uplink can be closed at every cell despite high transmissions of users at cell boundaries. Depending on the multiple access scheme within a cell, it may become additionally important to control the receive power of all active users being received at the cell. 
3. 
mMTC
In general, the design goal of mMTC is to improve link budget, reduce device complexity, reduce device power consumption and support high density device deployment. 
Link budget and capacity trade off

The link budget determines the maximum allowable path loss of a given communications link data rate, assuming transmission at a given (maximum) power level. The link budget is a crucial metric in network planning because it determines whether devices can close the link at a given data rate and hence the required network density of cell sites for devices with a given limited transmission power. Cellular system coverage in most scenarios are limited by the uplink due to the limitation on mobile devices’ transmit power. Therefore, we should mostly focus on the uplink multi-access schemes for the link budget discussions.
Multiple access technique can impact the link budget in various ways. For example, the CDMA based EV-DO uplink provides soft-handoff which help improves link budget [3]. Also, different multi-access techniques require different effective per-user spectral efficiency, which also impacts the link budget.

Protocol overhead

Existing 4G LTE cellular systems use OFDMA for multi-access, which relies on a multi-step hand-shaking procedure between the base station and a mobile device to set up the radio connection. The overhead from such signaling has less impact for large data bursts, and also help mitigate intra-cell interference enabling higher spectral efficiency transmission (such as MIMO). On the other hand, this also limit the scalability to massive number of devices.  Specifically, for infrequent small data burst scenarios, the signaling overhead itself can be a non-negligible (or even dominant) power consumption source. This is particularly important for devices working on non-rechargeable batteries which are expected last for multiple years.
4. 
URLLC

Design goal of URLLC is for ultra reliable and ultra low latency packet delivery. We assume that data transaction starts from RRC_CONNECTED state. 
Access Delay
Considering the tight timeline requirement of <=1ms end-to-end delay for URLLC application, it is very critical to reduce the initial access delay for MO packets. This can also allow time budget for potentially other retransmissions to achieve the ultra-reliable residual BLER target.
5. 
Conclusion

In summary, we propose the following requirements.
Proposal 1: For eMBB application, the multi-access scheme should allow 

· Spatial multiplexing among users and high spectral efficiency
· Efficient Interference management

Proposal 2: For mMTC application, the multi-access scheme should allow easy support of

· Good link budget (coverage extension) and capacity trade-offs.

· 
· Efficient access with minimal protocol overhead.

Proposal 3: For uRLLC application, the multi-access scheme should allow easy support of

· Minimal Access Delay
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