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1 Introduction

It was agreed in RAN1#84bis that [1]
· At least for UL mMTC, autonomous/grant-free/contention based non-orthogonal multiple access should be studied

and in RAN1#85, it was further explained that [2]
· 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 eNB

· Multiple UEs can share the same time and frequency resources

· 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
Based on the agreed characteristics above for grant-free contention based transmission, this contribution continues with further design considerations and elaborates the technical aspects to be studied in RAN1. 
For brevity, the terminology “autonomous/grant-free/contention based” in the agreement above will be referred to as “grant-free” transmission in the rest of this contribution.  
2 Motivation and Scenarios 
The goal of grant-free design is to let users transmit data in an arrive-and-go manner, as illustrated in Figure 1.  Once the data of a UE arrives, it is transmitted immediately in the next available slot (DL synchronization is assumed as agreed in RAN1#85), without waiting for BS to schedule or send grant. So such transmission scheme is also referred to as grant-less, or schedule-less transmission. 
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Figure 1 Grant-free transmission with contention based "arrive and go" transmissions.
The benefits of such “arrive-and-go” transmissions are:  
· Overhead reduction in the savings of signaling overhead associated with grant transmissions. Further optimizations in the UE States and RACH procedures and messages can also be considered; 
· Latency reduction associated with latency needed for sending grant request and transmission; 

· Energy saving since the UE can remain in DRX longer and able to quickly transmit when data arrives.
With the above performance characteristics, grant-free operations is especially suited for transmissions of large number of infrequent small packets and extremely low latency traffic, in UL mMTC and URLLC traffic, respectively. 
3 Technical Aspects to be studied
To support and optimize grant-free transmission, details and designs of the resource definition, allocation, and selection, synchronization, UE detection and data detection, potential collision management and reliability enhancement, as well as the HARQ, link adaptation, and power control procedures would need to be investigated. An overview of the technical aspects to be studied in grant-free transmission is illustrated in Figure 2, followed by more detailed description in section 3.1 to section 3.5.
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Figure 2 Overview of technical aspects to be studied in grant-free transmission.
3.1 Resource definition, allocation, and selection
In order to enable grant-free transmission, the radio resource for transmission should be defined before any grant-free transmission starts and known to both the UE and BS. 
The pre-defined resource for grant-free transmission, may be referred to as grant-free resources (GFR) in the later text, is consisted of many grant-free resource units (GFRUs in short). Each GFRU may include
· Block(s) of time and frequency resources, which may repeat periodically, and may combine with
· A set of pilots for channel estimation and/or UE activity detection, and
· A set of signatures (e.g., codebooks/sequences/interleavers) for robust signal transmission and interference whitening, etc.
The size and location of time/frequency resources, as well as the pilot/signature resources associated with it should be pre-defined. 
Furthermore, taking specific implementation factors into account such as lower detection complexity, eNB may also pre-configure some other resource features to each GFRU, such as a set of MCS options.
Proposal 1: Grant-free resources, including time, frequency, pilots, and/or signatures, should be pre-defined and known to both the UE and BS.
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Figure 3 Group-based resource allocations.
The resource allocation problem is to study how to allocate the GFRUs to different UEs (or the other way around). Such resource allocation may happen in any of the following occasions 
· during a UE’s initial network entry, or 
· after a UE applies for grant-free services, or
· re-allocation during the grant-free transmission procedures for load balancing.
When the number of users applying for grant-free service is large, it is possible to allocate the same GFRU to a group of users (or to allocate a group of users to one GFRU), as shown in Figure 3. The users in the same GFRU may share all the resources but transmit independently, driven by their own traffic dynamics. Also, multiple GFRUs can be allocated to one user to enhance throughput or reliability. 
When transmitting, each UE may select one or more GFRUs, and within each GFRU, select some specific pilot and/or signature, as well as some MCS option. 
The selection of the specific MCS, pilot, and signature can either be done randomly in the pre-configured pool, or according to some pre-defined rule.
Proposal 2: The pre-allocation of grant-free resource unit to UEs, and the UE selection of grant-free resource unit, initial MCS, pilot, and/or signature for individual transmission should be studied. 
3.2 UL Synchronization
As has been agreed in RAN1#85 that DL synchronization is always available for grant-free transmission. And for UL synchronization, two cases are listed, i.e., 1) timing offsets between UEs are within a cyclic prefix; 2) timing offsets between UEs can be greater than a cyclic prefix. 
For OFDM based numerology, case 1) actually implies synchronous transmission, and case 2) can be referred to as asynchronous transmission for short. 
Which case of the two is the dominant case for grant-free transmission depends on many aspects, including but not limited to, the UE state, numerology design including the length of cyclic prefix, deployment scenarios, and UE mobility. Since asynchronous grant-free transmission will cause tremendous complexity increase for UE detection and decoding at the receiver side, we may suggest to start with synchronous case. The justification of scenarios and models for asynchronous transmission are FFS. 
Proposal 3: UL synchronization Case 1 should be studied with priority in grant-free transmission. 
3.3 Blind detection of UE activity and data
In grant-free transmission, since the BS has no prior information of when a UE may initiate transmission, it has to detect on each GFRU which UEs have transmitted. Such user activity detection is preferred to be done jointly with the UE data decoding to reduce latency and save overhead. Due to the blind nature, such joint detection of user activity and data is referred to as blind detection, which is the key to guarantee good performance of grant-free transmission.
How to do the blind detection and based on what to detect is the major problem that should be investigated. One option is to use pilots. In this case, pilots may have the joint functions of both the UE activity detection and channel estimation. 
Proposal 4: Pilot design used for joint user activity detection and channel estimation should be studied for blind detection in grant-free transmission.
3.4 Collision management and reliability enhancement
In the case that two or more UEs transmit simultaneously in the same GFRU, collision of the time/frequency resource would occur, as have been identified as problem to study in RAN1#85 [1].
In this case, it is agreed that transmitting with some pre-defined signatures as in non-orthogonal MA may alleviate the problem. However, it is still possible that multiple users end up selecting the same signature, especially when the number of users is large, which then result in signature collision. The good news is that with well designed signature and multi-user receivers of non-orthogonal MA schemes, the impact of signature collision can be negligible, as approved in [4] (section 3.3, random codebook allocation). 
Besides these two types of collision, there is a third type of potential collision, i.e., pilot collision, when two or more UEs select the same pilot and transmit simultaneously, which impacts both UE activity detection and channel estimation, and should be studied with priority. 
Proposal 5: The impact of potential time/frequency resource collision, signature collision, and pilot collision on detection and decoding performance, as well as the corresponding solutions should be studied in grant-free transmission.
Moreover, when applied in URLLC scenarios, further diversity solutions to enhance reliability needs to be studied so that the 99.999% reliable performance can be achieved.
Proposal 6: Reliability enhancement for URLLC applications should be studied in grant-free transmission.
3.5 HARQ, link adaptation, and power control
If a packet of a user fails in an initial transmission, one or more retransmissions may be needed. The HARQ timing (including A/N feedback and retransmission), collision avoidance, as well as the detection and combination of different redundancy versions need to be evaluated. Further discussion can be found in [3].
Link adaptation is another aspect that would need to be evaluated given the nature of  infrequent small packets where fast link adaptation may be hard to realize. Instead, slower link adaptation and its implication should be considered.  
Power control has already been agreed as an important aspect to be studied in grant-free transmission. Since closed-loop power control may not be available for most of the time, open-loop power control with only DL measurement should be studied with higher priority.
Proposal 7: HARQ timing and combination, link adaptation, and power control should be studied in grant-free transmission.
4 Conclusion
In this contribution, different design aspect of grant-free transmission is discussed. The main proposals are summarized as follows.
Proposal 1: Grant-free resources, including time, frequency, pilots, and/or signatures, should be pre-defined and known to both the UE and BS.
Proposal 2: The pre-allocation of grant-free resource unit to UEs, and the UE selection of grant-free resource unit, initial MCS, pilot, and/or signature for individual transmission should be studied. 
Proposal 3: UL synchronization Case 1 should be studied with priority in grant-free transmission. 
Proposal 4: Pilot design used for joint user activity detection and channel estimation should be studied for blind detection in grant-free transmission.
Proposal 5: The impact of potential time/frequency resource collision, signature collision, and pilot collision on detection and decoding performance, as well as the corresponding solutions should be studied in grant-free transmission.
Proposal 6: Reliability enhancement for URLLC applications should be studied in grant-free transmission.
Proposal 7: HARQ timing and combination, link adaptation, and power control should be studied in grant-free transmission.
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