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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#80bis, the agreements regarding PUSCH resource allocation is as following [1]:
[bookmark: _GoBack]Agreements:
· For PUSCH, extending the current single and dual cluster allocation to multi-cluster (>2) allocation (e.g. RBs/subcarriers spaced uniformly in frequency) is identified as a candidate waveform that satisfies regulatory requirements and maximizes coverage
· FFS: Number of clusters needed
· FFS: Size of each cluster
· FFS: Spacing between clusters or subcarriers
In this contribution, we mainly focus on the resource allocation for PUSCH.
Discussion
Resource allocation for PUSCH
The EU regulation [2] requires that the signal transmitted by a device containing 99% of the total transmission power should at least occupy 80% of the nominal bandwidth. Currently, the uplink frequency domain resource is shared by multiple UEs, and a single UE can be allocated one or two continuous RB sets. If a UE can only be allocated a continuous RB set, to satisfy the 80% channel occupancy requirement, the UE needs to be allocated at least 80% of the total RBs of the system bandwidth, and then there is only 20% of the total RBs left for other UEs. As a result, it is impossible for other UEs to satisfy the 80% channel occupancy requirement without overlapping, and uplink multiplexing can’t be fulfilled. The problem is similar for the two continuous RB sets resource allocation method. In a word, it is almost impossible to satisfy the 80% occupancy requirement by legacy resource allocation methods to frequency domain multiplex multiple UEs in a single subframe.
There are mainly two options to satisfy the regulation:
· Option 1: Interleaving based resource allocation.
· Option 2: Resource allocation at both the center part and the edge part.
Interleaving based resource allocation
Currently there are three types of resource allocations for LTE DL. Type 0 is based on RBG, and bitmap can indicate which one or multiple RBGs are allocated to a UE. With careful bitmap design, interleaving based resource allocation can be achieved; however, the minimum granularity is RBG rather than RB, which limits the multiplexing capacity and scheduling flexibility. Type 1 is based on distributed RBG subsets, and a UE can be allocated one or more RBs in a RBG subset by bitmap. With careful bitmap design, type 1 can also satisfy the EU regulation on the cost of scheduling complexity and restriction that a UE can be allocated one RBG subset at most. Type 2 is continuous RBs allocation, and with VRB, frequency domain distributed RB allocation can also be achieved. To satisfy the 80% channel occupancy requirement, a requirement on the minimum resources allocated to a single UE is necessary, and as a result, the multiplexing capacity will be limited.
The motivations of these three DL resource allocation methods are the scheduling flexibility, signaling overhead, while there is no consideration of the 80% channel occupancy requirement. To ease UL scheduling effort at the eNB side for operation on unlicensed carrier, it is worthwhile to design a resource allocation method which takes the 80% channel occupancy requirement into account at the first step.
For interleaving based resource allocation, a UE will be allocated RBs with a constant distance between adjacent RBs. An example is shown below for illustration. The distance between the adjacent RBs of a single UE also determines the multiplexing capacity of the system. The selection of the distance should take the 80% channel occupancy requirement into account. A UE can be indicated the distance and the offset relative to the system bandwidth boundary for uplink resource allocation.
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With this resource allocation method, the eNB should choose the system periodicity based on the system bandwidth and the UE traffic requirement, and the UE should be indicated the chosen system periodicity and the offset index set to decide the RB indices for the UE.
If new resource allocation method is adopted for operation on the unlicensed carrier, the payload size may be different from that of DCI format 0/4. As at least HARQ process number and RV version are also necessary in the DCI format for asynchronous HARQ on unlicensed carrier, a new transmission mode supporting at least a new DCI format carrying the information for new resource allocation and asynchronous HARQ should be supported.
Resource allocation at both the center part and the edge part
Another method to satisfy the 80% channel occupancy requirement is to allocate resources for a UE at both the center part and the edge part. The edge part is located at the system bandwidth boundary, and the center part is the remaining RBs except that of the edge parts. There are usually two edge parts at both the upper boundary and lower boundary. The RBs in each of the edge part is subject to the 80% channel occupancy requirement and the number of UEs to be multiplexed. An example is shown below for illustration. The center part resource allocation can reuse legacy resource allocation methods. The edge part can also be used only for channel occupancy rather than frequency domain multiplexing for simplicity.
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With this new resource allocation method at both the center part and the edge part, a UE needs to be indicated explicitly or implicitly the resource allocation at both the center part and the edge part. As a result, the payload size for resource allocation may be different from that of DCI format 0/4, and new DCI format is necessary for operation on the unlicensed carrier, which is similar to Option 1.
Proposal 1: Introduce new resource allocation method.
Proposal 2: New resource allocation method can consider interleaving based method and resource allocation at both center part and edge part.
Proposal 3: Introduce new DCI format.
Conclusion
In this contribution, we discussed the resource allocation method to satisfy the EU 80% channel occupancy requirement, and our proposals are as following:
Proposal 1: Introduce new resource allocation method.
Proposal 2: New resource allocation method can consider interleaving based method and resource allocation at both center part and edge part.
Proposal 3: Introduce new DCI format.
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