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1      
Introduction
The Work Item “Enhanced Licensed-Assisted Access to Unlicensed Spectrum” (described in [1]) targets at enhancing LAA by introducing support for UL operation on unlicensed carriers. One part of the approved WID tasks RAN1 to specify PUSCH on LTE Frame Structure 3. In RAN1#85 [1], PUSCH transmission power issues were discussed with agreements: 
· UE’s path-loss calculation for the open loop power control for uplink is based on the CRS in DRS within DMTC
· PHR for a subframe shall be calculated based on the scheduled uplink transmissions in LAA SCells regardless of whether the actual transmission is performed or not performed
In this contribution we consider remaining open items on PUSCH TPC on LAA SCell. 
2
Discussion
On several unlicensed bands, regulations set limits on both transmission power, or EIRP, and PSD. These limits vary between regions as well as bands. Hence, it is clear that UE requires eNB’s assistance to follow regulatory limits applicable in its current location. This is easily achieved via appropriate configuration of PUSCH TPC parameters.

Current PUSCH TPC provides suitable mechanism to control maximum transmission power via PEMAX,c configured in IE P-Max for LAA serving cell. However, there is no direct mechanism to control maximum PSD, or transmission power per certain measurement bandwidth. Of course, eNB can configure sufficiently conservative PEMAX,c so that PSD limit is not exceed when single B-IFDMA interlace is allocated to UE, but this can lead to unnecessarily low maximum transmit power when e.g. all interlaces are allocated to single UE.
Hence, we see that direct mechanism to control PSD needs to be introduced to the definition of UE transmit power on LAA SCell. Such mechanism can simply be one new term 
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 [dBm].
In the equation, 
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, determined by UE, is the maximum number of allocated PRBs within any 
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 consecutive PRBs for subframe i and serving cell c. 
Proposal 1: PUSCH transmit power control is modified so that UE does not exceed regulatory PSD limit.  
We see that the impact of PSD limit should be equally reflected also on the power headroom reporting. In practice this means that the power headroom for a Type 1 report should be computed for LAA SCell using
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when UE is scheduled with PUSCH on LAA SCell c in subframe i.
Proposal 2: Computation of power headroom is changed to reflect changes on PUSCH transmit power control on LAA SCell.  
In the case of UL carrier aggregation, carrier specific power control can result in total transmit power that would exceed 
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. In this case, UE scales down the PUSCH transmission power(s) so that 
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 is not exceed. However, LBT may prevent transmission on some of the scheduled carriers, in which case the total transmit power is less than 
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 In this case, UE could change the power scaling factors 
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 so that PUSCH transmission power is scaled down less on the carriers that pass LBT and are actually transmitted. The obvious challenge is the very short time between the LBT measurement and start of UL subframe. Hence we see that it can be left for UE implementation whether the power scaling factors are determined based scheduled carriers or carriers that are actually transmitted.  

Proposal 3: UE may determine the power scaling factors w(i) either based on scheduled cells or cells that are available for transmission after LBT. 
3
Conclusion
In this contribution we have discussed remaining PUSCH transmission power issues related to LAA SCell. Based on the discussion, following proposals and observation are made.
Proposal 1: PUSCH transmit power control is modified so that UE does not exceed regulatory PSD limit.  

Proposal 2: Computation of power headroom is changed to reflect changes on PUSCH transmit power control on LAA SCell.  

Proposal 3: UE may determine the power scaling factors w(i) either based on scheduled cells or cells that are available for transmission after LBT. 
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