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Introduction 
In RAN1 #87 the following agreements were reached [1]:
· At least an UL transmission scheme without grant is supported for URLLC
· Resource may or may not be shared among one or more users 
· FFS: resource configuration details
· FFS other details of design
In [2], we describe the framework for grant-free access, in which both dedicated and shared resource allocation are proposed. In this paper, we elaborate details on collision resolutions, packet delivery acknowledgements, and resource allocation and management for retransmission mechanisms.
Discussion
Collision detection and resolution
Equal-opportunity accesses in one resource block among many UEs may result in overlapping (non-orthogonal) transmissions, i.e., collisions. It is important to see the different levels of decoding “success”. This is due to the fact that the UE identity is not available prior to packet reception and decoding. Therefore, one can see that the gNB can succeed to decode: 
a) only the UE identity; 
b) both the UE identity and data;
c) neither the UE identity nor the payload.
Herein, there is an implicit premise that if the identity is not successfully recovered then the payload is assumed lost.
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 some packets may be lost in the many-to-one UE mapping with shared resource allocation. The situation can be improved when at least the user identity can be detected, and subsequent remedy actions (i.e., retransmssions) can be taken.  One solution is to overlay the UE identity on orthogonal DMRS patterns. 
Proposal 1: As the baseline, UE identity should be detected in the case of collided UE transmissions.
When multiple UEs can transmit on the same resource, the gNB has to perform blind activity detection and decoding in order to identify the active UEs. This task becomes more complex as the number of UEs, mapped onto the same group of grant-free resources, increases because the gNB has to investigate an increasing number of patterns. Therefore, the size of the UE group has to be constrained according to the complexity that can be handled by the receiver. 
Observation 1: The assignment of grant-free access units to the UEs has an impact on receiver complexity.
To further enhance data detection performance, we can employ multi-user detection at the gNB. Therein, we can implement advanced multiuser detectors in order to jointly decode the overlapping signals. At the same time, with well-designed transmit signature vectors we can maximize the benefits of non-orthogonal multiple access (NOMA) schemes. Such paradigm, studied at a later stage for grant-free access in NR, can result in throughput enhancement and further latency reduction.
However, it has to be noted here that multiuser detection performance for NOMA critically depends on the MUD implementation; an advanced multi-user receiver has to be employed, which is typically very complex, and the overlapping signals need to obey certain synchronization requirements [5] in order to yield reasonable detection performance. Therefore, together with above observations, we propose that support for MUD and NOMA is for further study.
Proposal 2:  Support for MUD and NOMA is for further study. 

ACK/NACK
Within grant-free resources, the gNB does not know whether a UE transmitted during its assigned resource or if it remained idle. Therefore a silent acknowledgement mechanism, where the gNB does not notify the UE for a successful delivery, is not suitable in this scenario. 
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Figure 2: Packet retransmission framework when a collision has taken place.
In general the ACK/NACK mechanism needs to be efficiently designed so that all overlapping UEs are aware of the decoding result. In both dedicated or shared resource allocations, there are three possible decoding outcomes:
a) only the UE identity; 
b) both the UE identity and data;
c) neither the UE identity nor the payload.
An one-to-one mapping between these three outcomes and ACK/DTX/NACK can be made, where case a) corresponds to NACK, case b) corresponds to ACK, and case c) corresponds to no feedback from gNB. Irrespectively of how the ACK/NACK message is formed, the UE has to monitor a search space for a certain period of time, after having sent its packet, in order to locate the relevant information. The ACK/NACK could be communicated with DCI. This process is illustrated above in Figure 2.
Proposal 4: In the case of successful UE identification the ACK/NACK should be communicated using DCI.
In case of terminals preallocated with resources in shared grant free access pool, the normal ACK/NACK procedure should be utilized since there are no DCI sent in this case. 

Resource allocations
Reliability factor
The potential collisions between multiple terminals assigned to the same resource pool would create problems to meet URLLC relaiblity requirements. One solution for this issue is to randomly move the terminals between the resource pool based on a predefined hopping sequence together with fast UL access preconfigured grants, more details in [4]. The hopping sequence can be signaled together with the initial fast UL grant. The advantage with this approach is that terminal would be able to meet latency requirements using preconfigured fast ul grants and also avoid collisions by random hopping between the resource pool. This approach also enhances reliability with the fact that Fast UL access provides retranmission opportunities compared to normal SPS. 

Proposal 4: The collision probability can be reduced by hopping the terminal between resource pools based on a predefined hopping pattern in the preconfigured UL grant.  
Re-retransmissions
Once the UE is informed/aware about a failed packet delivery then it retransmits its packet. The realization of retransmission depends on the success level of the initial transmission, namely on the above mentioned cases (a), (c). Retransmission mechanism should be designed such that the probability of suffering a collision over the grant-free resources is minimized. At the same time, the added waiting time should not contribute considerably to latency. Therefore, the retransmission mechanism should include methods for reducing the amount of collision on retransmissions with limited impact on latency.
Proposal 5: The retransmission mechanism should include methods for reducing the amount of retransmission collisions, with limited impact on latency. 
Similar to the discussions on the grant-free and the grant-based transmissions, there also exists a choice between grant-free and grant-based allocations for retransmissions, which are termed pro-active and re-active retransmissions repectively. Both might be useful depending on the use cases. 
Pro-active retransmissions
It might happen that neither the UE identity nor the payload is detected when collisions happen, as the result of bad channel conditions, i.e., case (c) in Section 3.3. Thus, a separate mechanism to remedy this worst case scenario has to be in place. 
Observation 1: The retransmission mechanism should handle the case when the UE id cannot be decoded. 
One way to solve the above issue is to pre-allocate the retransmission resource blocks, irrespective of the previous transmission outcomes. This is, in essence, the concept of repetitive transmissions. The packets can simply be repeated in multiple transmission resource blocks in anticipation that at least one of them might be on the resource block without collision. Moreover, UE can be given a range of frequency resource pool and the UE is allowed to hop freely (randomly or following a pre-defined pattern) according to its own mechanism without any coordination from gNB.
Another example of pro-active retransmissions with reduced amount of collisions is of a terminal using preconfigured grants with a hopping pattern.  Since the periodic grants are hopping between resource pools, the terminal would not use the same resources for retransmission along with potentially less interfering terminals, thus leading to less collisions. This solution should be quite effective at low load scenarios with less terminals sharing the resrouce pool. In loaded situations, it would be more effective to preallocate dedicated resources to latency critical terminals. 
Pro-active retransmissions are not only necessary for case (c), but also useful for case (a). The reason is that it can reduce the latency due to set-up of retransmission resources. 
Proposal 6: gNB should be able to pre-configure multiple retransmissions.

Re-active retransmissions
If the gNB observes that the amount of unresolved collisions significantly degrades the system performance or it simply observes a collided transmission, then it should be able to move some or all UEs directly to dedicated resources.
Proposal 7: gNB should be able to dynamically re-schedule retransmissions on dedicated resources. 

Conclusion
In this paper, we mainly discuss the collision resolution aspects for grant-free access. It had been concluded that multiple access with grant free access is very important from resource efficiency point of view and some solutions had been proposed to handle collisions during resource sharing while meeting URLLC requirements.   The first part of the paper deals with collision resolution and includes the following proposals: 
Proposal 1: As the baseline, UE identity should be detected in the case of collided UE transmissions.
Proposal 2:  Support for  MUD and NOMA is for further study. 
Proposal 3: In the case of successful UE identification the ACK/NACK should be communicated using DCI.
The second part of the paper deals with the allocation of the transmission resource blocks, in particular about reliability factor and re-transmissions schemes. It includes the following proposals:
Proposal 4: The collision probability can be reduced by hopping the terminal between resource pools based on a predefined hopping pattern in the preconfigured UL grant.
Proposal 5: The retransmission mechanism should include methods for reducing the amount of retransmission collisions, with limited impact on latency.
Proposal 6: gNB should be able to pre-configure multiple retransmissions.
Proposal 7: gNB should be able to dynamically re-schedule retransmissions on dedicated resources.
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