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1	Introduction
In the previous two meetings, the agreements on contention based multiple access were achieved:
Agreements: [RAN1 84bis chairman’s notes]
· Non-orthogonal multiple access should be investigated for diversified NR usage scenarios and use cases
· At least for UL mMTC, autonomous/grant-free/contention based non-orthogonal multiple access should be studied

Agreements: [RAN1 85 chairman’s notes]
· Autonomous/grant-free/contention based UL non-orthogonal multiple access has the following characteristics
· A transmission from UE does not need the dynamic and explicit scheduling grant from BS
· Multiple UEs can share the same time and frequency resources
· [bookmark: OLE_LINK11]For autonomous/grant-free/contention based UL non-orthogonal multiple access, the following should be studied
· Collision of  time/frequency resources from different UEs, solutions potentially including 
· E.g., code, sequence, interleaver pattern
· UL synchronization (DL synchronization assumed)
· Case 1: Timing offsets between UEs are within a cyclic prefix
· Case 2: Timing offsets between UEs can be greater than a cyclic prefix, FFS the exact model of timing offsets 
· Requirement for power control
· Case 1: Perfect open-loop power control, i.e., equal average SNR between UEs for potentially link level calibration
· Case 2: Realistic open-loop power control with certain alpha and P0 values
· Case 3: Close-loop power control
· Receiver impact

In this contribution, we outline the basic principles of contention-based non-orthogonal multiple access.
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]2	Basic Principles of Contention-Based Non-Orthogonal Multiple Access
2.1	Method to switch between contention-based non-orthogonal multiple access and scheduled access		
One of the primary benefits of contention-based non-orthogonal multiple access is that it does not require a scheduling grant. It is well understood that the downlink scheduling capacity can be limited and there is an inherent inefficiency incurred in scheduling a massive number of devices, all with short packet sizes. However, for broadband services, where the number of devices is much fewer and the desired traffic per device can be substantial, scheduled access has been shown to be quite efficient.

As a result, there appears to be a need to support both contention-based non-orthogonal multiple access as well as scheduled access and thus, a corresponding need to provide mechanism(s) to switch between the two.
In order to reduce signalling, it seems reasonable to have a preferred method of initial access for all services, or different classes of services could be defined and mapped to contention-based or scheduled access. These classes of services may be defined according to desired traffic size (bytes), latency (ms), etc. Alternatively, the initial method of access may depend on device type. The initial method of access could potentially be predefined or indicated in a broadcast message, which needs further study. 
It is further recognized that changes in traffic (e.g., load, traffic types), may dictate the need to dynamically change the type of access, whether it is for a specific device or a class of service. 
Proposal 1: Study and define the manner in which support for Contention Based and/or Scheduled access modes are predefined or indicated.
2.2	Contention-Based Zones	
Presumably, the network will support both contention-based and scheduled access. To provide full flexibility, the service provider should be able to determine whether these two types of access should occur on overlapping (partial or full) or non-overlapping time-frequency resources. It should be noted that the network might know the occurrence of contention based transmission, e.g., through preamble detection as described in section 2.3, in which case the network can control the allocation of resources for contention based access and/or scheduled based transmission. 
Because scheduled access allows the BS to directly specify the time-frequency resources where scheduled transmissions will take place, it is enough to indicate the locations, referred to as contention-based zones, where contention-based access will take place. 
Proposal 2: Study the manner in which contention-based zones may be defined and signalled.
2.3	Preamble for Contention-Based Access
The transmission of a preamble by a device in a wireless communications system has two primary benefits. First, the preamble can be used to further establish timing between the transmitter and receiver. Second, a preamble is used by a device to indicate that a transmission is desired (e.g., LTE RACH) or that a payload is forthcoming (as in single stage approaches). 
High detection rates for preambles are essential for mMTC as missed detections will result in additional energy-consuming transmit operations by mMTC devices that desire long battery life. 
Low false alarm rates are essential to minimize BS receiver operations as each false alarm results in the BS needlessly trying to decode a transmission that is not present.
Without the usage of preambles for contention-based access, the BS complexity is significant as it must consider all possible transmission hypotheses. 
Observation 1: Preamble is required for contention-based access.
Proposal 3: Study and define the use of preambles. This includes preamble sequence definition, and the definition and signalling of preamble zones.
In addition to the definition of the preamble, it is important to consider whether the BS should send an acknowledgement (Ack) when a preamble is detected. 
The primary benefit of transmitting a preamble Ack is that missed detections do not result in needless payload transmissions. If a device (which sent a preamble) does not receive a preamble Ack, it knows that it needs to re-transmit the preamble, perhaps with some backoff. 
The primary advantage of not transmitting preamble Ack is that it reduces the need to wait (latency) and decode (energy) the Ack/Nack response. Operating without preamble Acks can also help in reducing overhead on the downlink since the Ack must be transmitted reliably. If the preamble can be designed to be reliably detected, there can be performance benefits of not having a preamble Ack response. 
Proposal 4: Study whether a preamble Ack mechanism should be employed.
2.4	Payload transmission for Contention-Based Access
With contention-based access, the payload transmissions will likely collide on a subset of time/frequency resources. There are many ways to achieve the reliability desired for mMTC communications.
A) Multi-user MIMO (MU-MIMO) processing: One method is to directly deal with the collisions. If one of the transmissions within a given time-frequency resource is decoded (e.g., after the N-th HARQ transmission attempt), multi-antenna processing in conjunction with successive interference cancellation (SIC) can be applied to improve the probability that other transmissions on that same time-frequency resource may be decoded.

B) Employ additional protection for each transmission: Another possibility is to provide additional protection (e.g., coding, direct sequence spreading, frequency hop spread spectrum) for each transmission. There are many proposals for this, including [1][2].

C) Employ re-transmissions: It is well known that HARQ re-transmissions provide energy combining gains that improve the probability of successfully decoding with each additional re-transmission. Unlike synchronous HARQ on the LTE uplink, it would be beneficial to maximize diversity by enabling the re-transmissions to hop across frequencies. If the frequency hop patterns are known to both the transmitter and receiver, the re-transmission will be grantless as well.

Proposal 5: Study the various methods of payload transmission techniques to achieve the desired coverage extension and reliability that is needed for mMTC.
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[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]We have the following proposals on contention based access design for NR –
Proposal 1: Study and define the manner in which support for Contention Based and/or Scheduled access modes are indicated and controlled for all services, or for classes of services, or for classes of devices.
Proposal 2: Study the manner in which contention-based zones may be defined and signalled.
Proposal 3: Study and define the use of preambles. This includes preamble sequence definition, and the definition and signalling of preamble zones.
Proposal 4: Study whether a preamble Ack mechanism should be employed.
Proposal 5: Study the various methods of payload transmission techniques to achieve the desired coverage extension and reliability that is needed for mMTC.
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