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1. [bookmark: _Ref298777854]Introduction
Rel-16 NR is studying uplink grant-free transmission to better support Rel-16 enhanced uRLLC service with very stringent latency (~ 1ms) and reliability (up to 1E-6 level) requirements [1]. The RAN1 Group has agreed on two types of NR uplink grant-free transmission mechanisms [2]:
· NR grant-free Type-1: contention-based transmission (UE autonomous selection of resource(s) from resources configured by RRC) 
· NR grant-free Type-2: semi-persistent scheduling (Activation/deactivation based) 
The RAN1 Group is also studying two mechanisms, i.e., ensuring “K” repetitions and HARQ for improving the reliability of NR grant-free mechanism. 
This contribution proposes a mechanism that uses linked list data structure along with successive interference cancellation (SIR) to improve latency, reliability and link efficiency of NR grant-free Type-1. This mechanism can also improve the reliability for grant-free Type-1 transmission over links with much longer latencies (i.e., NTN links). 
1. Discussion
In RAN1#94 meeting, the RAN1 Group made the following agreements on NR uplink grant-free enhancements [2]:
Agreements:
· Study further on PUSCH repetitions within a slot for configured grant.
· Study further whether/how multiple active configured grants for a BWP of a serving cell.
· Identify potential specification impacts and options for both type 1 and type 2
· At least Activation/deactivation mechanism for Type2
· E.g., whether each configuration is activated/deactivated or multiple configurations are activated/deactivated
· Study how to support repetitions with multiple configurations for a BWP of a serving cell
· FFS HARQ process ID determination for both type 1 and type 2
· FFS other specification impacts for both type 1 and type 2
· Study the performance impacts
· Study further whether/how on ensuring K repetitions.
The NR grant-free Type-1 (or contention-based multiple access scheme) has been widely studied in the literature. 3GPP is studying two mechanisms (ensuring “K” repetition and HARQ) to improve the reliability of the NR grant-free transmission. The ensuring “K” repetition repeats transmitting a packet in “time” (that could be slot or mini-slot) or “frequency” “K” times, and HARQ operation is always in time domain. 

In NR grant-free Type-1 (contention-based), a UE selects a unit of resource (frequency and time that time unit could be slot or mini-slot) autonomously and transmits a packet over the selected resource unit. In NR, the resources are like a grid in time and frequency, as shown in Figure 1. The network allocates some resources to the UL grant-free transmission through RRC configuration. Let us assume that the resources shown in blue in Figure 1 are assigned to NR uplink grant-free transmission. 
[image: ]
Figure 1 – NR time-frequency grid with resources highlighted as blue for uplink grant-free transmission. 
In a contention-based transmission, three scenarios are possible: 
· A successful transmission (Figure 2) where only one UE transmits over a resource unit and the gNB can decode the packet successfully. As shown in Figure 2, UE1 and UE2 send packets S1 and S2, respectively, but on different resources. Therefore, the gNB can successfully decode both S1 and S2. 
· A blank where no UEs transmits over a resource unit. 
· A collision (Figure 3) where the packet cannot be successfully decoded at the gNB possibly because more than one UE transmits over a resource unit. As shown in Figure 3, UE1 and UE2 send packets S1 and S2, respectively, but over exactly the same resource unit. Therefore, there is a collision and gNB MAY not be able to successfully decode S1 and S2 due to the collision. In this case retransmission (using ensuring “K” repetition or HARQ) may be needed. 
In general, too many collisions and blanks result in network inefficiency and high latency. Also, collisions reduce the reliability. The ensuring “K” repetition and HARQ improve the reliability of NR uplink grant-free by retransmission. 
[image: ]
Figure 2 – Successful collision-based grant-free transmission on uplink by two different UEs
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Figure 3 – Collision on a collision-based grant-free transmission on uplink

1. The Proposed Method
The proposed method assumes that the gNB has capability to perform successive interference cancellation (SIC). The proposed method uses a linked list to link different retransmissions. It can be implemented in time domain, frequency domain or both.  Also, it works for both ensuring “K” repetition as well as HARQ. 

The Proposed Method in Frequency Domain

In this method, a UE autonomously and randomly chooses more than one resource unit (“R” resource units where ) for transmission at a specific time instant (slot or mini-slot) but over different frequencies (PRBs) and sends the “R” replicas of the packet through the “R” randomly selected resource units. “R” can be a fixed number (e.g., “R=2”) or it can depend on the UE, or the traffic priority, or the network load. Another scenario is where “R” could depend on the UE transmit power capabilities. For instance, for limited power UEs, “R” could be smaller. 
Each replica has pointer (or pointers) linking this replica to the other replicas of the packet. This makes a linked list of “R” replicas of the packets transmitted at the same time instance (slot or mini-slot) over different frequencies, Figure 4. As shown in Figure 4, the linked list could be a one way linked list or a two-way linked list.
[image: ]
Figure 4 – The replicas of a sent packet create a linked list (one way or two way) using pointers. 
We call the transmission successful if any one of the replicas is decoded successfully at the gNB. However, after decoding a replica successfully, the gNB uses the pointers in the link list to find and check the other replicas of the packet in the list, Figure 5. Knowing the content of the packet after successfully decoding the packet, the gNB can use SIC to decode the other packets involved in collision. That will help to successfully resolve collisions, and therefore, successfully decode the other packets. 
[image: ]
Figure 5 – Resolving the collision between UE1 and UE2 using SIC in frequency domain
As shown in Figure 5, UE1 sends two replicas or its packet (“S1”) over two different PRBs (same slot or mini-slot but on different frequencies). One of the replicas of S1 transmitted by UE1 collides with one of the replicas of “S2” transmitted by UE2 (they are using the same set of resources). Therefore, the gNB receives “S1+S2” in that resource unit. In this figure, UE2 sends only one replica of “S2”. One of the replicas of “S1” can be successfully decoded at gNB. Through the linked list pointers, the gNB identifies the other resource unit where the other replicas of “S1” was transmitted in the list and tries to use successive interference cancellation (SIC) to resolve any other collisions. The gNB has “S1” and “S1+S2”, so it can resolve the collision and decode “S2”. 
Clearly, the proposed method works with implementing one way or two way linked list. With one way linked list, the gNB scans the PRBs with increasing order of index (from left to right) to identify all the elements of the linked list. 

The Proposed Method in Time Domain

The ensuring “K” repetition can also be done at different time instances (slots or mini-slots). So, a UE randomly chooses a resource unit to transmit the packet at a time instant (slot or mini-slot). The same packet will be retransmitted at different later time instances, so the gNB has a better chance to receive the packet successfully after “K” transmission/retransmissions. 

The “K” transmission/retransmission of a packet can be over “K” consecutive or nonconsecutive time instances (slots or mini-slots). In the case of transmission over “K” consecutive time instances, there is no need for pointers to create a linked list, and an index suffices to identify all the retransmissions, Figure 6. 
[image: ]

Figure 6 – The consecutive retransmission only needs an index. 

In the case of retransmission over “K” nonconsecutive time instances, the pointers are needed to link each retransmission to its previous retransmission to make a linked list. As used in linked lists, the first replica only points to itself as the head of the linked list, Figure 7. 
[image: ]
Figure 7 – One way linked list using pointers to the previous retransmission on nonconsecutive retransmission 

It is possible for the UE to draw all the “K” resource units for “K” retransmissions in the process randomly and at different time instances from a pool of grant-free resource units ahead of time and before any transmissions. In this implementation, before transmission of the first replica, the UE knows the exact time/frequency resources assigned to all the “K” replicas of the packet. Therefore, each replica knows exactly when and at which frequency the next replica shall be transmitted, so each replica can have two pointers, one pointing to the previous replica and the other pointer, pointing to the next replica to create a two-way linked list, Figure 8. 

[image: ]
Figure 8 – Two way linked list using two pointers to the previous and the next retransmission on nonconsecutive retransmission

In the proposed method in time domain, two cases are possible. A UE may continue repetitions for a packet until one of the following conditions is met: 
· An ACK is successfully received to gNB (successful transmission)
· The number of repetitions for the packet reaches “K”
In the “K” times repetition, each repetition (“i”) has a pointer to the previous repetition (“i-1”) which collided with another packet(s). As mentioned before, in the case the UE choosing all the “K” set of resources ahead of time, each replica can have two pointers. In the proposed solution, gNB keeps the previous receptions with collisions in a memory for possible decoding later in time. After successfully decoding of a packet, the gNB uses the pointer(s) to go back (or forward) and check the previous packet(s) sent by this UE using the pointer and tries to decode them using successive interference cancellation (SIC). In the case of two pointers pointing to the previous and the next retransmissions is useful when Ack is not implemented and the UE shall send “K” retransmissions without any feedback. Figure 9 shows the proposed method in time domain. 
[image: ]
Figure 9 – The proposed method in time domain. 

As shown in Figure 9, UE1 and UE2 send packets “S1“ and “S2”, respectively, using the NR grant-free Type-1 mechanism. The UE1 sends two replicas of “S1” over two different resource units at different time instances (slot or mini-slot). The gNB receives “S1+S2” over one time instance so a collision occurs and possibly results in a failed decoding. However, the gNB stores this received signal in a memory for potential successful decoding later. In another time instance later, the gNB receives “S1” and successfully decodes it. Using the pointer in this replica of “S1”, the gNB retrieves the previous reception (“S1+S2”) from the memory. Knowing “S1”, the gNB can now recover “S2” by having “S1” and “S1+S2” and using successive interference cancellation (SIC). 

Hybrid automatic repeat request (HARQ) is a method of retransmission in time domain. There is a major difference between HARQ and ensuring “K” repetition. Using HARQ, the retransmission stops after an ACK is successfully received from the gNB indicating a successful transmission. The proposed method using a one way linked list and SIC can help HARQ to successfully decode any collisions in the previous retransmissions.

1. Summary

This contribution proposes a method to be used in NR uplink grant-free Type 1 transmission where using linked lists and successive interference cancelation (SIC) can help to improve the reliability and possibly the latency of the grant-free transmission. This contribution proposes: 
Proposal 1: Using a linked list and successive interference cancellation can help to improve the performance of NR UL grant free Type-1 transmission.
Proposal 2: Study should be done to evaluate the performance of the proposed method on the NR UL grant free Type-1 transmission. 
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