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Introduction
In this document, we discuss various aspects of PUSCH resource handling in eLAA. 
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Handling PUSCH resource loss in eLAA
Several REs in a UL subframe may be used for various other functionalities other than transmitting PUSCH in eLAA. For example, REs are taken away from PUSCH in the following scenarios

1. LBT gap in symbol 0

2. Gap in symbol 13 to enable other UEs to perform LBT or for SRS transmission

3. Aperiodic CSI for one or more UL serving cells

If dual connectivity is extended to the unlicensed spectrum, there may be potentially other examples where UL REs may be used other than for PUSCH. For example, at the very least rate matching around HARQ-ACK transmission would be considered. In addition, depending on the resource allocation mode adopted, PUSCH could be rate matched around other physical channels such as PUCCH or PRACH. 
The fraction of resources that could be unavailable for PUSCH transmission could be significant compared to traditional LTE. While in single subframe scheduling, the eNB could take this into account when deciding the MCS/TBS to be use, such flexibility may not be available when using multi-TTI grants in eLAA where eNB uses a common MCS for all the subframes scheduled by a single grant. 
Consider the following scenario in which multiple subframes are scheduled by the eNB. Subframe ‘n’ could have its first symbol blanked out for LBT and also used for SRS transmission, while subframe ‘n+2’ could carry aperiodic CSI. To enable efficient transmission and to reduce the need for conservative MCS selection at the eNB, we propose that the UE perform TBS scaling based on the actual number of REs available for transmission. 
For the purpose of TBS scaling, the UE assumes 144REs per RB as the reference. The UE determines the actual number of REs available based on the criteria discussed earlier such as LBT gap, SRS gap or aperiodic CSI multiplexing. Based on the actual number of REs available, the UE scales down the TBS of a first transmission. However, for a retransmission, the UE does not perform TBS scaling to keep consistency with the first transmission. The UE may choose a lower TBS from the set of valid TBS entries in the MCS to TBS table or may perform scaling based to maintain the scheduled code rate. Note that the eNB is aware of this TBS scaling and can perform decoding consistently as per UE transmission.  
Proposal: 
1. For a multi-TTI grant, UE performs TBS scaling by comparing the number of reference resources to the actual number of resources used for PUSCH. 

2. UE only performs TBS scaling for a first transmission. If a retransmission is scheduled as part of the multi-TTI grant, then the uses the same TBS (possibly scaled) as before.

3. Scaling may be performed to match a valid entry in the MCS to TBS table or to maintain a scheduled code rate. 
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PUSCH resource granularity
In current LTE systems, the number of RBs allocated on the UL can only be a multiple of 2, 3 and 5. In practice, this results in an almost 1 or 2 RB level granularity for small resource allocations (~1 to 30RBs) and slightly coarser granularity for larger resource allocations (30 to 100RBs). 

However, in LAA UL to overcome the limitations imposed by the PSD per MHz constraint, it is agreed to use a multi-cluster allocation [1] with at least 10RBs as the minimum resource allocation unit. Thus, LAA UL can only have a resource allocation of 10, 20, 30, 40, 50, 60, 80, 90, 100 RBs. When used with the current TBS table, such a coarse resource allocation granularity would result in a lot of padding at the UE if the eNB were to always use a larger number of RBs for scheduling and could be an inefficient utilization of the medium. 

One simple solution to overcome such a resource allocation granularity is to introduce the notion of a PRB offset while selecting the size of the TB. For example, consider an allocation of 10RBs. With a 2 bit PRB offset for selecting the TBS, the UE should be able to select one of 10, 12, 15, 18 RBs thus improving the resource allocation granularity significantly for LAA UL. In another example, with a resource allocation of 60RBs, the TBS could be selected from 60, 65, 70 and 75RBs (This is to accommodate the missing resource allocation of 70RBs).
Proposal

1. Introduce a PRB offset in addition to the RB allocation to improve the resource allocation granularity for LAA UL and reduce the need for UE padding.

2. The TBS selection can be function of the number of RBs in the original resource allocation.
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Conclusions
 Proposal: 
1. For a multi-TTI grant, UE performs TBS scaling by comparing the number of reference resources to the actual number of resources used for PUSCH. 

2. UE only performs TBS scaling for a first transmission. If a retransmission is scheduled as part of the multi-TTI grant, then the uses the same TBS (possibly scaled) as before.
3. Scaling may be performed to match a valid entry in the MCS to TBS table or to maintain a scheduled code rate.
4. Introduce a PRB offset in addition to the RB allocation to improve the resource allocation granularity for LAA UL and reduce the need for UE padding.

5. The TBS selection can be function of the number of RBs in the original resource allocation.
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