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1. Introduction

In RAN1#78bis, the following functionalities are agreed as required at least to meet regulatory requirements in some regions/bands for an LAA system [1].

· Listen-before-talk (Clear channel assessment)

· Discontinuous transmission on a carrier with limited maximum transmission duration

· Dynamic frequency selection for radar avoidance in certain bands/regions

· Carrier selection
· TPC
In this paper, we discuss the potential enhancements of UL transmit power control for coexistence of LAA in unlicensed band considering regulation aspects in unlicensed bands as well.
2. Transmit power control with LBT
In a planned cellular system such as LTE, target of UL power control is to minimize the UE transmission power as long as the reception performance at eNB satisfies the requirement. On the other hand, with LBT operation in LAA, UE transmission power should be detected by other inter-operator/RAT nodes within certain coverage around the reception eNB to prevent interference at the eNB, as illustrated in figure 1. Therefore, power control to minimize UL transmit power may not be suitable for LAA operation on unlicensed carrier. Therefore, enhancement of UL power control algorithm suitable for LBT operation should be considered further. Especially, it is suitable to consider this kind of enhancements for the further evaluation of LAA UL. Potential enhancement can be to set a given UE’s minimum transmit power which guarantees average reception power over, e.g. -62dBm within the intended muting coverage around the eNB. Moreover, closed-loop power control to adapt to the fast channel variation may not be necessary since reception channel variation among different nodes within the muting coverage will be different. It is FFS whether such an enhancement on the LAA UL power control accompanies specification impacts or not.
Suggestion 1: Study enhancement of UL power control algorithm suitable for LBT operation in LAA and consider such enhancements in the evaluation of LAA UL.
· One option is to set an appropriate transmit power semi-statically without applying fast closed-loop power control
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Figure 1. Transmit power control with LBT

3. Maximum transmit power limitation

In specific regulations for unlicensed band, maximum transmit power spectral density is limited depending on, e.g. transmission bandwidth [2]. Since current LTE system can only limits maximum total output power of a UE via configurable maximum transmit power PCMAX, enhancements should be considered to control the maximum transmit power spectral density of a UE in unlicensed band. Moreover, it should be further considered how to allocate UEs transmit power between licensed band cell and unlicensed band cell in case of UE’s power limitation case.

Suggestion 2: Study enhancement of UL power control in case of UE transmit power limitation

· Consider UE transmit power limitation due to the regulation on the power spectral density on unlicensed band
· Consider how to allocate UE transmit power between licensed carrier and unlicensed carrier

4. Power headroom reporting

In conventional LTE system, UE calculates and reports PHR (power head room report) in a subframe based on the PUSCH/PUCCH scheduling in the same subframe. In an unlicensed carrier, UE may not have enough time to calculate PHR of a subframe before it decides whether it transmits scheduled PUSCH/PUCCH in that subframe due to LBT operation. This also affects PHR for a licensed carrier aggregated by the same UE since transmission in an unlicensed carrier may affect the calculation of maximum transmit power in another carrier. Therefore, it should be studied how to support power head room report including unlicensed carrier(s).
Suggestion 3: Study how to support power head room report including unlicensed carrier(s)
5. Summary and conclusions

In this paper, we discussed the possible enhancements for coexistence of LAA in unlicensed band, especially in respect of transmit power control and interference handling. The suggestions are summarized as follows.
Suggestion 1: Study enhancement of UL power control algorithm suitable for LBT operation in LAA and consider such enhancements in the evaluation of LAA UL.

· One option is to set an appropriate transmit power semi-statically without applying fast closed-loop power control

Suggestion 2: Study enhancement of UL power control in case of UE transmit power limitation

· Consider UE transmit power limitation due to the regulation on the power spectral density on unlicensed band

· Consider how to allocate UE transmit power between licensed carrier and unlicensed carrier

Suggestion 3: Study how to support power head room report including unlicensed carrier(s)
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