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Introduction 
In RAN 85# it was agreed that grant-free transmission should be supported in order to reduce the latency and to render the transmission of small data packets more efficient, in terms of relative signaling overhead [1]. In this contribution, we briefly summarize the basic principles that comprise the framework for grant-free transmission.
Background
One of the main KPIs in NR UL is the end-to-end latency that, in some of the envisioned delay-critical use-cases and in particular uRLLC, will be required to be as low as 1ms or less [2]. A strategy to accomplish this target is to remove the overhead that is required for obtaining an exclusive data-slot grant, as in LTE where the RACH procedure must be executed first. In this framework, the eNodeB schedules and releases resources for grant-free access, where the assigned UEs can transmit their data packets without any prior handshake.
Proposal 1: The framework for grant-free access should be developed to meet latency requirements for uRLLC.
One challenge is that traffic can, in some use-cases, be irregular and very sporadic. Aperiodic packet arrival in the buffer means that periodic pre-scheduling of exclusive resources is not an efficient solution since it will lead to a capacity loss in the system, the latter being proportional to the degree of packet arrival infrequency. However, the resources need to be made available anyway to ensure that the low-latency target is feasible for the services and use-cases of interest. Therefore, a solution should target the efficient resource utilization; one way to achieve this is to allow the resources, released for low-latency applications, to be shared with equal access opportunities among the UEs. Such equal-opportunity access may result in overlapping (non-orthogonal) transmissions; therefore, it can be beneficial to include provision in the design for the joint treatment of overlapping signals in order to harvest further gains from grant-free access. A number of different schemes for non-orthogonal multiple access (NOMA) [3] have been proposed, yet their suitability has to be assessed under a general framework for low-latency access. How non-orthogonal access may arise in such a framework is discussed in the next section.
Framework for Low-Latency
In order to establish a framework for grant-free transmission, it is important to identify the aspects that need to be addressed. This includes, among other things, to specify the resource allocation strategy for grant-free access as well as to discuss mechanisms for successful packet delivery acknowledgement and packet retransmission.
Grant-free Transmission
In order to realize grant-free transmission, a number of resources must be released for that purpose, as illustrated in Figure 1a (left). Similar to the release of RA-slots in LTE, the amount and the density of resources, which are intended for grant-free access, can be variable depending on the network traffic conditions and can be configured accordingly. The idea is that the availability of grant-free access units should be appropriately selected by the scheduler to serve the system’s capacity and latency requirements. To accomplish this goal, the eNodeB has to map single or multiple UEs to elements/units of the grant-free resource grid. In other words, the units for grant-free access are partitioned into groups and, thereafter, the eNodeB notifies the UEs where they are allowed to transmit. For low network load the scheduling can be on a one-to-one dedicated basis, see Figure 1b (top right), whereas if the number of UEs exceeds the available grant-free resources then multiple UEs can point to the same units, as shown in Figure 1b (bottom right). Once the partitioning has been established, the resource assignment map is transparent to the respective UEs and they can autonomously select where to transmit once they have a packet in a buffer, i.e., they can occupy one or more units within their assigned group.
Proposal 2: NR should support UL grant-free transmission on dedicated resources.
Proposal 3: NR should support UL grant-free transmission on shared resources without interference awareness.
It has to be noted that resource allocation for grant-free access will have implications on the eNodeB complexity. A reason for this is that the eNodeB has limited information about the UE id of a received signal, since a UE may or may not choose to occupy a grant-free resource. Therefore, in the simple case of one-to-one UE-to-slot correspondence, once the eNodeB detects a transmission, it can infer the id of the UE that is tied to the particular chunk of the grid where the signal was detected. This is no more the case, when multiple UEs can transmit on the same resource; here the eNodeB has to perform blind detection, i.e., make a search within the set of possible features, in order to identify the active UEs. This task becomes more complex as the number of UEs, mapped to the group of grant-free resources, increases because the eNodeB has to investigate an increasing number of sequence patterns. Therefore, the size of the UE group has to be constrained according to the complexity that can be handled by the receiver. 
Apart from its impact on receiver complexity, the UE-to-slot mapping functionality will also impact the efficiency, i.e., how well the resources are utilized, and the collision probability. If we consider again the case of one-to-one UE-to-slot mapping, i.e., of exclusive unit allocation to a single UE, then there is no risk of collision. However, the resource may remain unoccupied if the UE buffer is empty which, in turn, would result in underutilization of the resources. If multiple UEs are grouped together, over the same set of grant-free resources then utilization can be improved. In this case, we have lower probability of no activity on some resources but higher probability that at least two packet transmissions collide.
Observation 1: The assignment of grant-free access units to the UEs has an impact on receiver complexity, resource utilization and collision probability.
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[bookmark: _Ref461795856]Figure 1: a) An example of grant-free access resource release within the time/frequency grid (left) and b) two alternatives for assigning the resources (right), namely one-to-one UE-to-slot mapping (top) and many-to-one UE-to-slot mapping (bottom).
Collision and multi-user detection
Irrespectively of how the assignment procedure is conducted and communicated to the UEs, they eventually select to occupy or not a fraction (or all) of their assigned resources. As mentioned previously, in the case of many-to-one UE-to-slot mapping, we may observe an event where two or more UE transmissions overlap. The probability of this event depends on the amount of available released resources, the network load and the assignment approach. 
[bookmark: _GoBack]In the LTE RACH, selecting the same preamble will result in data transmission overlap, which is treated as a collision and results in lost packets, if not resolved. If we adopt this approach for handling contention-based grant-free overlapping transmissions then many packets will be dropped in the many-to-one UE-to-slot mapping. To improve this situation we can employ multi-user detection at the eNodeB. Therein, we need transceiver schemes to deal with non-orthogonal multiple access (NOMA) and the trade-off that arises is that of complexity versus spectral efficiency. Such paradigm, overlaid on grant-free access, can result in throughput enhancement and latency reduction. 
Observation 2: Interference-aware schemes could be beneficial for achieving latency reduction with NR UL grant-free transmission on shared resources. 
It has to be noted here that NOMA detection performance critically depends on the MUD implementation; an advanced multi-user receiver, which is typically very complex, has to be employed and the overlapping signals need to obey certain synchronization requirements [4] in order to yield reasonable detection performance. Thus, for ultra-reliable communications, it is preferable to employ orthogonal (dedicated) resource allocation. 
Ack/Nack and Retransmission
Within grant-free resources, the eNB does not know with certainty whether a UE transmitted during its assigned resource or if it remained idle. Therefore the solution of silent acknowledgement, i.e., without the eNodeB notifying the UE, of a successful delivery is not suitable in this scenario. To understand how the Ack/Nack mechanism should be designed, it is important to see the different levels of decoding “success”. This is due to the fact that even the UE id is not available prior to a packet reception and decoding; it can be carried and conveyed together with the payload or overlayed on an RS. Therefore, one can see that the eNB can succeed to decode: a) only the UE id; b) neither the UE id nor the payload; or c) both. Herein, there is an implicit premise that the UE id is transmitted with better protection and higher reliability than the payload and thus if it cannot be decoded then the payload can be assumed lost, too.
Observation 3: The ACK/NACK mechanism must handle the case when the UE id cannot be decoded. 
Since UE activity over a resource is not mandatory, silent ACK for case (c) does not work as mentioned above but instead one needs active acknowledgement. To work out the remaining cases we can observe that in case (a) the UE could be provided with an exclusive data-slot grant in order to retransmit its packet with higher reliability. In case (b), where no information is decoded at the eNB, a silent NACK could be employed to indicate a decoding failure; if the UE does not receive a response, namely an ACK message or a grant, within a given time window after the packet was sent, it shall assume a failed transmission and retransmit after some time. However, when multiple UEs are on the same grant-free resource, retransmission may be plagued by collisions, especially if there were such in the initial transmission. Therefore, the retransmission mechanism should include methods for reducing the amount of collision on retransmissions with limited impact on latency.
Proposal 4: The retransmission mechanism should include methods for reducing the amount of retransmission collisions, with limited impact on latency. 
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[bookmark: _Ref461801277]Figure 2: Packet retransmission framework when: a) eNB fails to decode both UE id and the message (top); and b) when UE id is successfully decoded but the data packet decoding fails (bottom). 
Once the UE is informed about a failed decoding effort then it will retransmit the packet. How the retransmission will be realized depends on the success level of the initial transmission, namely on the abovementioned cases (a) and (b). In case (a), the UE has a dedicated grant and can transmit orthogonally to other UEs thereby eliminating the event of collision. In the second case (b), where the eNodeB is not able to decode any information then the UE can retransmit after a random back-off window, to minimize the risk of collision. 
Proposal 5: The framework for grant-free access should allow for switching to scheduled transmission on dedicated resources for retransmission. 
Proposals
Proposal 1: The framework for grant-free access should be developed to meet latency requirements for uRLLC.
Proposal 2: NR should support UL grant-free transmission on dedicated resources.
Proposal 3: NR should support UL grant-free transmission on shared resources without interference awareness.
Proposal 4: The retransmission mechanism should include methods for reducing the amount of retransmission collisions, with limited impact on latency. 
Proposal 5: The framework for grant-free access should allow for switching to scheduled transmission on dedicated resources for retransmission. 
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