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1 Introduction

In RAN #68 meeting, the WI on Licensed-Assisted Access (LAA) was approved [1]. The LAA design should allow fair coexistence between Wi-Fi and LAA and fair coexistence between different LAA systems. Transmission power of an eNB should be carefully controlled so as to maximize LTE performance while allowing the friend coexistence with WiFi. Hence, in this contribution, we discuss various aspects regarding the transmission power of a LAA cell. 
2 Power Sharing over multiple carriers
An eNB normally deploys multiple LAA carriers. The loads and interference conditions may be different on different carriers, so that only a part of carriers are accessible at a given time. The number of available carriers can be different in different time, while the maximum transmission power supported by eNB is fixed. Then, one issue is how to allocate eNB transmission power to the multiple accessible carriers. Several options could be considered. 
· Option 1: Fixed or semi-static power allocation is used for each operating carrier of eNB. That is, no matter how many carriers are actually occupied hence available for DL transmission, the transmission power for a carrier is unchanged. It basically restrict the implementation hence is not good for power efficiency. 
· Option 2: eNB adopts a dynamic power sharing among multiple carriers. If only a small number of carriers are currently accessible, eNB may divide its full transmission power to the small number of carriers. That is, the potential maximum transmission power supported on a respective carrier is increased. 
By Option 2, DL performance on the carrier may be improved since full transmission power can be used on all current available powers. Of course, the transmission power of a carrier must still within the regulation restriction. As discussed in [3], the different transmission power for a carrier may determine different CCA threshold in ECCA operations. When an eNB already start LAA burst on a few carriers, the eNB may not capable of CCA detection on nearby non-occupied carriers or CCA detection is enforced to suspend on nearby carriers, therefore eNB will keep using its current occupied carrier until the end of the LAA burst. In such case, the power allocation for different accessible carrier keeps unchanged in a LAA burst. A different set of carrier may be used in the next LAA burst hence different power allocation. 
Proposal 1: The full transmission power could be dynamically shared among multiple accessible carriers for a LAA burst. Power allocation keeps unchanged during a LAA burst. 
3 Transmission Power of CRS/DRS/Initial Signal
In RAN1#82 meeting, it was agreed to support both CRS-based and DMRS-based transmission schemes/modes in LAA. As discussed in section 2, the power allocation for a carrier may be changed in each LAA burst. For a DMRS based transmission mode, eNB has the flexibility to adjust the transmission power of DMRS/data part of PDSCH, so eNB can freely control it transmission power. However, CRS transmission power is fixed or semi-static in legacy LTE, the parameter PA/PB are also semi-statically configured. Consequently, eNB cannot freely adjust the transmission power of a PDSCH of CRS based transmission mode and eNB cannot efficiently use the dynamically allocated power of a carrier. 

A solution is to allow the fast change of CRS transmission power. To still allow the joint channel estimation based on CRS in adjacent subframes, it is hence preferred that CRS transmission power is constant in a LAA burst. This is constant with what proposed in section 2 that power allocation is unchanged in a LAA burst. Initial signal needs to have the same/similar transmission power as the following data transmission to well reserve the channel. Therefore, the CRS/PSS/SSS signal transmitted in initial signal may need scale its transmission power dynamically. Alternatively, transmission power of initial signal can be controlled by padding dummy signals. If the CRS in initial signal can be used as demodulation reference, it should have the same transmission power as CRS in the data part hence is dynamically adjusted. 
DRS is designed to support one shot RRM measurement. Since there is no averaging in physical layer, it is not relevant if CRS transmission power is same or different in different DRS occasions. However, if high layer filtering still applies, the fluctuation of CRS transmission power may affect the accuracy of RRM measurement. Therefore, the CRS transmission power is semi-statically configured, or eNB needs to dynamically indicate CRS transmission power on a per LAA burst basis.  
Proposal 2: Allow dynamic adjustment of CRS transmission power in different LAA burst. Same CRS power can be assumed in a LAA burst. Same CRS power in both initial signal (if CRS is present) and data part of LAA burst. 
Proposal 3: Transmission power of CRS component in DRS is semi-statically configured or dynamically indicated on a per LAA burst basis. 
4 Power fluctuations

Power control is a key feature of LTE. For DL, semi-static power control is supported for CRS based transmission mode (TM), i.e. based on high layer configured parameter PA/PB; while for a DMRS based TM, eNB has the freedom to dynamically set the transmission power. For multi-user scheduling, different set of UEs may be scheduled in different DL subframe. Naturally, the transmission power for these DL subframes scheduling different UEs could vary.  For UL, a quick UL PC is well supported since Rel-8, i.e. the UL transmission power could change subframe by subframe following TPC command in UL grant or DCI 3/3A. The above PC could be operated on a per-subframe basis. Based on UE CSI feedback or sounding by SRS, different MCS may be indicated to the UE, and different MCS will be transformed into different DL/UL transmission power. All the above factors may cause different subframes may have different transmission power even in the same LAA burst. 
Power fluctuation is harmful to LBT operation. The channel may be determined by other devices as “idle” in some subframes while “busy” in other subframes. As shown in Figure 1, if the transmission power in a subframe is low, a few nearby nodes may only detect an interference level lower than CCA threshold hence start data transmission. However, if the transmission power in the next subframe is increased due to uncontrolled power fluctuation, the transmitting BS will cause interference to nearby nodes that already start data transmission from the previous subframe. Therefore, methods should be studied to limit the variation of transmit power over a channel occupancy time. 
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Figure 1: Problem analysis for power fluctuation 

Further, the transmission power is also fluctuated in a LTE subframe. For example, the OFDM symbols configured with ZP CSI-RS may be lower than other OFDM symbols. As a result, in the OFDM symbols with relatively low transmission power, the channel may be determined as “idle” by some other LAA devices or Wi-Fi devices, but the transmission power in other OFDM symbols is much higher, i.e. channel is busy. Such power fluctuation inside a subframe further complicates the co-existence of different devices and may aggravate hidden-terminal problem. 

Ideally, the transmission power is better kept constant in a LAA burst, just as WiFi does. However it is impractical in reality for LTE system. An alternative way is to set a limit on the range of power fluctuation.  

Observation 1: Power fluctuation in a LAA burst may aggravate hidden-terminal problem.
Proposal 4: If a constant power envelop cannot be achieved, the range of power fluctuation should be configured. 
5 Transmission power in a subframe
Regulations define the requirement for the power density for some cases. According to [2], the occupied channel bandwidth shall be between 80% and 100% of the declared nominal channel bandwidth, containing 99% of the power of the signal. For the testing, the spectrum analyser is set with a resolution bandwidth of 100kHz. The spectrum analyzer outputs a peak value for every 100kHz. 99% of the accumulated peak value in whole bandwidth should spread at least in the 80% of the channel bandwidth, which provides a rough requirement for power density.

In summary, according to the above regulations, transmission power for a device should not exceed a power density limitation and must spread in almost full system bandwidth. The above regulation has different impacts for different LTE channels/signals. 

· For PDSCH/PDCCH transmission, certain dummy signals may be transmitted in a PRB pair that is not scheduled by eNB, to maintain an allowable occupied channel bandwidth. 

· ZP CSI-RS could be configured to protect NZP CSI-RS from neighbour cells and/or to serve as CSI-IM resources.  For example, if one ZP CSI-RS resource, i.e. 4 REs per PRB pair, is configured in one subframe, one subcarrier from every six subcarriers is muted in the OFDM symbol including ZP CSI-RS. Since blanked subcarrier are even distributed in the bandwidth, there exists transmission power in each 100kHz band part which is the resolution for the testing, so ZP CSI-RS transmission may still conform with the regulation. 

Due to RE muting, an OFDM symbol with ZP CSI-RS will have less transmission power than other OFDM symbols in a subframe. Power boosting on the REs other than those occupied by ZP CSI-RS could be used to maintain constant power or reduce power fluctuation in a subframe. 
Proposal 5: Dummy signal may be transmitted to maintain occupied channel bandwidth of at least 80% of nominal channel bandwidth.
Proposal 6: Power boosting on the REs other than those occupied by ZP CSI-RS is used to reduce power fluctuation in a subframe.
6 Conclusions
In this contribution, we discuss the relation between CCA threshold and maximum transmission power, further we also discuss the impact of power fluctuation. The following observations and proposals are made,
Observation 1: Power fluctuation in a LAA burst may aggravate hidden-terminal problem.
Proposal 1: The full transmission power could be dynamically shared among multiple accessible carriers for a LAA burst. Power allocation keeps unchanged during a LAA burst. 
Proposal 2: Allow dynamic adjustment of CRS transmission power in different LAA burst. Same CRS power can be assumed in a LAA burst. Same CRS power in both initial signal (if CRS is present) and data part of LAA burst. 
Proposal 3: Transmission power of CRS component in DRS is semi-statically configured or dynamically indicated on a per LAA burst basis. 
Proposal 4: If a constant power envelop cannot be achieved, the range of power fluctuation should be configured. 
Proposal 5: Dummy signal may be transmitted to maintain occupied channel bandwidth of at least 80% of nominal channel bandwidth.

Proposal 6: Power boosting on the REs other than those occupied by ZP CSI-RS is used to reduce power fluctuation in a subframe.
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