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1.
Introduction
The current working assumption for LTE is to apply synchronous non-adaptive HARQ in uplink. This paper describes the potential problem of resource fragmentation with this solution and outlines a potential solution. RAN2 is encouraged to study the problem and discuss if a solution needs to be developed. 
2.
Discussion on resource fragmentation
The working assumption for LTE uplink is to apply a synchronous non-adaptive HARQ protocol. The characteristics of this solution is that retransmissions occur a predefined (normally fixed) time after the previous (re)transmission. A retransmission also uses the same resources (physical resource, modulation, coding) as the previous (re)transmission
. The benefit with synchronous non-adaptive HARQ is that the uplink control signalling can be minimized since the HARQ process id does not need to be signalled explicitly and a received HARQ NACK can be used as an implicit grant for a HARQ retransmission.
However, the solution also leads to problems that potentially need to be addressed.  One such problem is the resource fragmentation that can occur. As an example, consider the resource allocation for three UEs as illustrated in Figure 1 below.
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Figure 1 Illustration of resource fragmentation with synchronous non-adaptive HARQ

The three UEs are allocated in the same TTI and a retransmission is only needed for UE 2. Here it should be noted that  the single carrier property of the uplink requires that the resource allocation to a UE is contiguous in frequency. This means that in all TTIs where data to UE 2 are retransmitted, any other UE can only be allocated the resources that was previously allocated to UE 1 or UE 3 in the first TTI. Thus the whole available resource can not be used for a single UE. This could lead to inefficient usage of the resources and limit the throughput and capacity in the system.
A potential solution to the problem of resource fragmentation is to allow that the retransmissions can be allocated a new resource when needed. I.e. normally only a HARQ NACK is sent from the eNodeB which means that the same resource shall be used for the retransmission as for the previous (re)transmission. If a resource grant is transmitted in the same TTI as the HARQ NACK it means that the indicated resource shall be used for the retransmission. In the example in Figure 1 this would mean that the retransmissions for UE 2 could be moved in frequency such that a larger piece of contiguous resources are freed (e.g. the same resources as UE 1 used in the first TTI). This would correspond to a simplified version of the schemes outlined in [1].
This solution would only require overhead when it is used and would have minimum impact on the specifications. However, also other solutions could be possible.
3.
Conclusion
It is proposed to discuss the problem of resource fragmentation for the LTE uplink and discuss if it needs to be solved. We believe that the outlined solution would be a way to solve the issue with minimum complexity and overhead. 
If RAN2 feels that the problem should be addressed companies are invited to suggest solutions. In the end the complexity and overhead of any considered scheme need to be carefully weighted with the gains they provide. 
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� It would also be possible to use different resources for the retransmissions as long as a pre-defined rule is used to determine which resources that are used, e.g. some type of resource hopping could be applied. That does however not change the basic problem outlined in this paper.
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