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1 Introduction
In RAN #70 meeting, a new work item (WI) on enhanced LAA (eLAA) for LTE was approved. The main objective of this WI is to support the UL carrier aggregation for LAA SCell using frame structure 3. During the study phase, it was agreed in RAN1 LAA ad-hoc meeting that one design target of LAA is to support UL multiplexing of multiple UEs in one subframe by
· Multiplexing in frequency domain

· The supported resource assignment (e.g. number and location of allocated RBs) is FFS

· Multiplexing by MU-MIMO

Moreover, since channel access procedure should be performed on unlicensed band, the following LBT schemes are agreed in RAN1#84 to support UL LBT:
· Support UL LBT based on a Cat-4 channel access procedure.

· Support UL LBT based on a CCA of at least 25 µs before the UL transmission burst.

· FFS: Condition and restriction on when these options are used
In this contribution, narrow band channel assessment to support UL multiplexing of multiple UEs in one subframe is proposed. Corresponding resource allocation and channel access schemes for PUSCH transmission on LAA Scell will be discussed. 
2 Discussion
According to the regulation of ETSI [1], the signal transmitted on the unlicensed band should meet the following limitations:

· The Nominal Channel Bandwidth shall be at least 5 MHz at all times.

· The Occupied Channel Bandwidth shall be between 80 % and 100 % of the declared Nominal Channel Bandwidth. The Occupied Channel Bandwidth is the bandwidth containing 99 % of the power of the signal.
Above limitations should be satisfied for a UE in each transmission instance when UL LAA is considered. Specifically, since the nominal channel bandwidth should be at least 5 MHz as specified in ETSI regulation, each UL signal/channel on LAA SCell could be scheduled within a narrowband resource of 25 PRBs which is around 5MHz, and wideband resource allocation is not mandatory in UL LAA. For example, as shown in Figure 1, the uplink resource of a LAA SCell can be divided into multiple narrowband units and the bandwidth of a narrowband unit is 25 PRBs. As depicted in this figure, the uplink resource contains four narrowband units when the system bandwidth of the LAA SCell is 20MHz.
Definition of narrowband unit is beneficial to achieve flexible scheduling. For example, FDM could be achieved by scheduling different UEs in different narrowband resources(s) or by scheduling different UEs in different clusters of the same narrowband resource(s). Similarly, MU-MIMO can be achieved by scheduling multiple UEs in the same narrowband unit. Moreover, narrowband resource scheduling helps eNB to select appropriate UE(s) according to the CSI measurement and it is more efficient than wideband resource scheduling.
Observation 1: For a LAA SCell, PUSCH scheduled according to the narrowband resource with 25 PRBs is more flexible and efficiency than wideband resource allocation.
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Figure 1: Narrowband resource for a LAA SCell supporting uplink transmission
If the uplink resource can be allocated according to the narrowband resource, it is reasonable that clear channel assessment (CCA) should be performed according to the scheduled narrowband resource. For example, as shown in figure 1, UE 1 can perform a narrowband CCA only on 1st narrowband when it is scheduled to transmit PUSCH on 1st narrowband unit. The target narrowband could be indicated in the UL grant DCI, for example, a bitmap to indicate which narrowband unit should perform CCA before the PUSCH transmission. For another example, the frequency region for performing the narrowband CCA could be determined according to the scheduled PRBs and the region of narrowband unit. Therefore, the UE can determine whether a narrowband is clear by comparing the received energy with a narrowband CCA threshold. In this case, interference from other narrowband units can be avoided thus reducing error detection probability. 

The narrowband CCA is also beneficial for the resource utilization. For example, as shown in Figure 2, UE 1 is scheduled to transmit PUSCH on 3rd narrowband of subframe (n), and UE 2 is scheduled to transmit PUSCH on the same narrowband of subframe (n+1). In addition, the UE 1 is indicated by eNB to not transmit PUSCH in last SC-FDMA symbol of subframe (n) which is reserved for UE 2 to perform another narrowband CCA to determine whether scheduled PUSCH could be transmitted in next subframe. Moreover, UE 3 is scheduled to transmit PUSCH on 4th narrowband of subframes (n) and (n+1). In this case, it is reasonable that the last SC-FDMA symbol of subframe (n) is not needed to be reserved by UE 3. Therefore, the overhead of CCA gap could be saved if narrowband CCA could be adopted.
Observation 2: UE performs narrowband CCA according to the scheduled UL resource provides advantages on resource utilization.
Proposal: Narrowband CCA should be supported before uplink transmission.
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Figure 2: Example of narrowband CCA according to the PUSCH scheduling.
3 Conclusion

Based on our discussions, we have the following observations and proposal:
Observation 1: For a LAA SCell, PUSCH scheduled according to the narrowband resource with 25 PRBs is more flexible and efficiency than wideband resource allocation.

Observation 2: UE performs narrowband CCA according to the scheduled UL resource provides advantages on resource utilization.

Proposal: Narrowband CCA should be supported before uplink transmission.
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