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1  Introduction
In RAN plenary #75, WID on new radio (NR) has been approved [1]. The NR work item targets to specify the NR functionalities for both enhanced mobile broadband (eMBB) as well as for ultra-reliable low-latency-communication (URLLC) as defined in TR38.913 [2]. 
This contribution relates to the PUCCH resource allocation, and especially to the explicit resource allocation mechanism. In explicit resource allocation, a set of PUCCH resources is higher layer configured to the UE. During scheduling, gNB indicates the selected PUCCH resource to the UE with ARI bits in DL assignment DCI. As gNB may select the used PUCCH resource only from a limited set of resources, there is risk that gNB cannot allocate different PUCCH resources to the all scheduled UEs. The probability of such PUCCH collision is investigated in this contribution.
2  Discussion 
In simulations, a set of 4 PUCCH resources was randomly allocated to each UE from a predetermined number of PUCCH resources. As consequence, certain PUCCH resource was allocated to the PUCCH resource sets of multiple UEs. After that a random set of UEs was scheduled, and gNB tried to select a separate PUCCH resource for each scheduled UE from the PUCCH resource allocated to that UE. As performance metric, the probability that gNB cannot allocate a dedicated PUCCH resource for an UE was calculated by ratio {# of UEs for which gNB could not allocate a dedicated PUCCH resource}/{# of UEs scheduled}. 
Results are shown in Figures 1 and 2. In Figure 1, the probability that UE is blocked due to the lack of UE specific PUCCH resource is shown for increasing number of available PUCCH resources while a fixed number of UEs is scheduled. In Figure 2, the probability that UE is blocked is shown for increasing number of scheduled UEs while a fixed number of PUCCH resources is available.
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Figure 1. Probability that UE is blocked due to the lack of UE specific PUCCH resource for 10, 15 and 20 UEs scheduled with 2-bit ARI.
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Figure 2. Probability that UE is blocked due to the lack of UE specific PUCCH resource for 10 and 20 PUCCH resources and varying number of UEs scheduled with 2-bit ARI.
It can be seen from the results in Figures 1 and 2 that very low probability of UE being blocked can be reached already when only few PUCCH resources are allocated in addition to the PUCCH resources actually used for transmission. For example, it may be sufficient to allocate PUCCH resources 1.2 times the number of PUCCH resources targeted to be used for HARQ-ACK transmission. This provides high efficiency in resource usage e.g. in comparison to implicit resource allocation.   
Observation #1: Very low probability of UE being blocked due to lack of UE-specific PUCCH resource is reached already when only few excess PUCCH resources are allocated in addition to the minimum number of PUCCH resources. 
Observation #2: Explicit PUCCH resource allocation based on ARI indicator in DCI can provide high efficiency in the use of PUCCH resources. 
3  Conclusions 
[bookmark: _Hlk492897650]In this contribution, we considered explicit PUCCH resource allocation mechanism and investigated especially PUCCH collision probability. We made following observations:
Observation #1: Very low probability of UE being blocked due to lack of UE-specific PUCCH resource is reached already when only few excess PUCCH resources are allocated in addition to the minimum number of PUCCH resources. 
Observation #2: Explicit PUCCH resource allocation based on ARI indicator in DCI can provide high efficiency in the use of PUCCH resources. 
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