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1. Introduction

In legacy LTE, UEs uplink transmission power of physical channels such as PUSCH, PUCCH and SRS are controlled by both open loop and closed loop power control algorithms [1]. Tight power control in uplink is usually beneficial in a cellular system where large frequency reuse is pursued while inter-cell interference is minimised by reducing uplink transmission power as long as the target SINR is achieved. On the other hand, it should be discussed whether a same power control algorithm is necessary for LAA SCell where basic channel access method is based on the CSMA/CA rather than SINR control, and potential nodes from other systems can be transmitting on their maximum transmission power.

In this contribution, we discuss the power control strategies for LAA uplink and the necessary changes from the legacy LTE.
2. Power control in LAA uplink
Necessity of minimum transmission power
In legacy LTE, a UE close to eNB may transmit very small power for its uplink transmission, which may not be desirable for the UL LBT operation since it should be able to mute nearby contending UEs or Wi-Fi stations during its uplink transmission. Therefore, UE’s uplink transmission power should be controlled over a certain level of minimum transmission power. UE’s transmission power may be controlled not over a minimum power by use of existing closed loop power control algorithm. However, current closed-loop/open-loop power control may not be suitable for the control of minimum transmission power since closed-loop power control is based on the received power rather than transmitted power and open-loop power control is based on UE’s received path-loss, which may lead to very small transmit power depending on the UE position and scheduled MCS..
Suggestion 1: Consider setting a minimum transmission power for a UE by RRC for LAA SCell
Path-loss calculation
As decided in Rel-13 LAA, constant CRS transmission power is guaranteed only for the CRS in DRS within DMTC. Therefore, UE’s path-loss calculation for the open loop power control in uplink should be based on the CRS in DRS within DMTC.
Suggestion 2: In LAA SCell, UE’s path-loss calculation for the open loop power control in uplink should be based on the CRS in DRS within DMTC
PSD limitation
In most countries, maximum PSD (power spectral density) in an unlicensed band is limited by regulation. Therefore, LAA network should be able to restrict PSD of a UE’s uplink transmission to be compliant with regulation. There can be several options.
Option 1) Specify that UE’s uplink transmission power can be adjusted to be compliant with regional regulations on maximum PSD.
Option 2) Maximum uplink PSD is configured by RRC for LAA SCell in addition to the existing configuration of maximum uplink transmission power such as Pcmax or Pcmax,c.

In general, option 2) is a better approach to make regulation-agnostic specification for LAA and to give the LAA network controllability against the potential variation of regional regulations.
Suggestion 3: Maximum uplink PSD is configured by RRC for LAA SCell
Power Headroom Report
In legacy LTE, uplink power headroom for PHR (power headroom report) in a subframe is calculated based on the calculated transmission power on each carrier if PUSCH or PUCCH is transmitted in a carrier. Otherwise, power headroom is calculated based on the virtual transmission power of PUSCH or PUCCH. On the other hand, uplink transmission on a LAA SCell can be given up within 9us before the subframe boundary due to LBT operation. Therefore, it is almost impossible to modify the PHR information encoded in a PUSCH reflecting the LBT results of other carriers. Therefore, PHR in a subframe should be calculated reflecting all the uplink transmissions scheduled in LAA SCell in the subframe regardless whether actual transmission is performed or not.
Suggestion 4: PHR in a subframe should be calculated reflecting all the uplink transmissions scheduled in LAA SCell in the subframe regardless whether actual transmission is performed or not
Power limitation handling
In case of maximum transmission power limitation, handling of transmissions on multiple carriers including LAA SCell should be decided.
In general, transmissions on LAA SCell may be deprioritized to the transmissions on licensed carriers. However, such behaviours should be discussed after details of UCI transmission on LAA SCell are decided first. Also, necessity of prioritization of PUSCH transmissions between a licensed cell and LAA SCell may depends on the RAN2 decision on traffic types to be supported by LAA SCell UL.
Suggestion 5: UE behaviours in cases of transmission power limitation in LAA SCell should be discussed considering further decisions on UCI transmission in LAA Scell and traffic types supported in LAA SCell
3. Summary and conclusions

In this paper, we discussed power control strategies for LAA uplink and the necessary changes from the legacy LTE. The suggestions of this paper are summarized as follows.
Suggestion 1: Consider setting a minimum transmission power for a UE by RRC for LAA SCell
Suggestion 2: In LAA SCell, UE’s path-loss calculation for the open loop power control in uplink should be based on the CRS in DRS within DMTC
Suggestion 3: Maximum uplink PSD is configured by RRC for LAA SCell
Suggestion 4: PHR in a subframe should be calculated reflecting all the uplink transmissions scheduled in LAA SCell in the subframe regardless whether actual transmission is performed or not
Suggestion 5: UE behaviours in cases of transmission power limitation in LAA SCell should be discussed considering further decisions on UCI transmission in LAA Scell and traffic types supported in LAA SCell
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