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1 Introduction
At RAN #81 meeting the power sharing issue for multicarrier operation of LAA is mentioned [1].
Agreements:
· The following candidate options are identified for future investigations for power sharing between LAA carriers in the DL

· Option 1: Fixed and equal maximum power allocation per carrier

· Option 2: Fixed and unequal maximum power allocation per carrier

· Option 3: Dynamic maximum power allocation between carriers at least based on the number of carriers being transmitted in each DL transmission burst

Other options are not precluded.

Flexible bandwidth under multicarrier LBT operation contributes to efficient channel utilization but on the other hand may lead to varied occupied carrier number over transmission bursts. To ensure that the total power per transmitter does not exceed the maximum power mandated by the regulation, one simple way is to fix the power per carrier as minimum value conditioned on the maximum number of available carriers no matter how many carriers can be actually captured. This, however, is low efficient in utilizing the maximum total power if only limited number carriers can be captured. Therefore, it is beneficial to enable flexible power sharing at least for PDSCH by averaging the total power based on the number of opportunistic available carriers.
In this contribution, we discuss the issues related to the dynamic power sharing across available carriers, including CCA-ED threshold, CSI measurement as well as RRM measurement and present candidate solutions and our preferences.
2 CCA-ED threshold 
The CCA-ED threshold defined in ETSI regulation is given as

TL = -73 dBm / MHz + (23 dBm - PH) / (1 MHz),                                 (1)

where PH is the maximum transmission power specified in dBm e.i.r.p. For 20 MHz operating bandwidth with 23 dBm maximum transmission power, the CCA-ED threshold is -60 dBm. For multicarrier operation, the CCA-ED threshold should be increased with the increase of captured carrier number and therefore decreased transmission power per carrier. E.g. for 80 MHz operating bandwidth with equal power allocation over each carrier, the transmission power per carrier is reduced to 17 dBm and the CCA-ED should be increased to -54 dBm. However, the transmitter has to pre-determine the CCA-ED threshold before actual channel contention is done and has the idea of how many carriers can be used for transmission. Two potential options for handling this issue:
Option 1: Configure the most sensitive CCA-ED threshold based on that only one carrier can be occupied

This fixed CCA-ED threshold can support full power utilization even if only one carrier is captured, but may lead to decreased channel access opportunities especially for large number of available carriers.
Option 2: Pre-determine the maximum PDSCH transmission power per carrier and configure the CCA-ED threshold based on the PDSCH transmission power.

The transmitter can pre-determine the maximum PDSCH power (and correspondingly the expected number of occupied carriers) based on, e.g., previous channel status or average number of captured carriers. The transmission power per carrier should be reduced to be lower than the maximum PDSCH power if the number of actually captured carriers after the multicarrier LBT procedure exceeds the expected number, while the transmission power per carrier has to be limited to be pre-determined maximum power even if this captured number is less than the expected number. This solution introduces more flexibility by enabling the transmitter to trade-off between channel access opportunity and power utilization.
Proposal 1: It is proposed to pre-determine the maximum PDSCH transmission power per carrier and configure the CCA-ED threshold based on the maximum PDSCH transmission power.
3 Power sharing for CRS/CSI-RS
Given the dynamic power fluctuation of PDSCH in multiple carrier operation, it is preferred to enable the power of CRS to change accordingly with the PDSCH over transmission bursts so that 
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 don’t need to be dynamically changed for support of CRS-based demodulation modes. As a result, it is not beneficial to require fixed CRS power across different transmission bursts. However, within a single transmission burst, the power of CRS is better to be kept unchanged to leverage eNB and UE implementation complexity..

Observation 1: Power of CRS is allowed to be changed across different DL transmission burst, while kept unchanged within a single transmission burst.
As CRS power is changing with PDSCH power from burst to burst, varied CRS power may impact on the CSI measurement and it is beneficial to enable the eNB or UE to compensate the CSI measurement based on the knowledge of power gap between different transmission bursts. Two options are available for such CSI measurement compensation:
· Option 1: UE is dynamically informed the CRS power level in current transmission burst, then compensate CSI measurement at UE side.
· Option 2: UE has no knowledge of exact CRS power level, but support restricted CSI measurement within same transmission burst. 
For Option 1, with the knowledge of CRS/CSI-RS power level in each measurement instance, UE can freely compensate the measured CSI based on one predefined CRS/CSI-RS power level and there is no restriction on the bundling of CQI measurement and report timing. This method can support most flexible power sharing scheme and reduce UE implementation complexity. 
For Option 2, it is not required for the eNB to indicate the CRS/CSI-RS power/carrier number information, with restricted measurement within one transmission burst but not across transmission bursts. In this sense, UE should be able to be aware of the duration of one DL transmission burst.   
Proposal 2: CRS/CSI-RS power level can be dynamically changed and indicated to UE for sake of the CRS-based demodulation and CSI measurement.
4 Power sharing for DRS
Two options are observed for support of DRS power sharing in multiple carriers scenario :  
· Option 1: DRS power level is kept fixed, no matter it is standalone or multiplexed with PDSCH. 
· Option 2: DRS power level can be dynamically changed and informed to UEs. 
It is challenging to configure fixed DRS power because the DRS multiplexed with PDSCH needs to keep consistent power with the PDSCH while the power for standalone DRS can be individually configured by the eNB as a fixed value. Thus it is also beneficial not to require fixed DRS transmission power but to allow power variation of DRS. However, DRS measurement will be impacted by varied DRS transmission power and some enhancement on measurement is needed. Considering the impact on UE measurement, DRS power level should be directly carried in DRS signal to UE to make sure the RRM measurement of neighbor cells can also be well supported.
Proposal 3: DRS power level can be dynamically changed and conveyed to UEs.
5 Conclusion

In this contribution, we presented the CCA-ED threshold, CSI measurement as well as RRM measurement problems due to the issue of varied transmission power. In addition, we discussed the pros and cons for various options and showed our preference after comparison. Based on the discussion we draw the following observations and proposals:
Proposal 1: It is proposed to pre-determine the maximum PDSCH transmission power per carrier and configure the CCA-ED threshold based on the maximum PDSCH transmission power.
Proposal 2: CRS/CSI-RS power level can be dynamically changed and indicated to UE for sake of the CRS-based demodulation and CSI measurement.
Proposal 3: DRS power level can be dynamically changed and conveyed to UEs.
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