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1 Introduction

In RAN #65 meeting, a new SI on Licensed-Assisted Access (LAA) was approved [1]. RAN1 began the study in RAN1 #78b meeting [2]. The discussion focused on the required functionalities to fulfill the regulatory requirements and design targets to ensure fair coexistence with other unlicensed spectrum deployments.  The following agreements have been achieved, 

· Target a single global framework for LAA

· List at least the following as identified functionalities required to meet regulatory requirements in some regions/bands for an LAA system in TR 

· 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
*Note: not all functionalities may have a spec impact.
*Note: not all functionalities would be mandatory for all LAA eNBs/UEs
In unlicensed band, coexistence among intra-RAT and inter-RAT devices is an important topic in LAA to share the same band and reduce the interference to each other. Minimizing the amount of transmission power is a classic technique used in wireless communication systems to avoid interfering with other users in the vicinity. The regulations, such as Listen-before-talk (LBT), TPC and dynamic frequency selection (DFS) have the impact on transmitting power. This paper focuses on the discussion about DL maximum power, power density and power variation in time domain for LAA.
2 Maximum transmission power 
With LBT, before transmitting in the radio channel, the devices should perform a Clear Channel Assessment (CCA). If the channel is assessed as free, a transmission on the unlicensed channel is allowed to initiate. The time for CCA should be at least for 20 us if following European regulation. The channel is detected as occupied if the detected energy level is above a CCA threshold. If the channel is considered as free, the equipment is allowed to transmit immediately.

According to [3], the energy detection threshold for CCA (TH_CCA) is dependent on the maximum transmit power (PH) of the transmitter, i.e., TH_CCA = -73 dBm/MHz + 23 – PH. Therefore, CCA threshold is a function of the maximum transmission power, and vice versa. PH may refer to the power class of a LTE device, so that TH_CCA is a fixed value for the device. However, due to DL power control, the transmission power of a LAA BS may be much lower than the maximum value determined by power class. Alternatively, PH may stand for the temporal maximum transmission power during the next LAA burst if channel could be occupied. In accordance with such dynamic PH, TH_CCA determined by above formula without violating the regulation also varies. In detail, based on the detected energy level CCA_E, if consider it as the CCA threshold, the allowed maximum transmission power PH within the following LAA burst can be derived. That is, the maximum transmit power can be restricted by the detected energy level, e.g., PH ≤ -73 dBm/MHz + 23 – CCA_E. 
For the DL transmission in LTE, eNBs can do the scheduling and adjust the DL transmit power based on the UE feedbacks. So it is much likely different DL subframes may have different average DL transmission power. Further, the transmission power is also fluctuated in a LTE subframe, due to the existence of CRS, ZP CSI-RS and etc. Hence, the determined PH can act as the maximum allowed transmission power for a LAA burst. By this scheme, a LAA device may occupy the channel with low transmission power even when a certain level of interference signal is detected by CCA. The reduced transmission power means a small coverage but it may be enough to serve UEs at cell center or for transmission with low MCS/TBS. It hence provides more transmission opportunity for a LAA device. 
Proposal 1: When deriving the CCA threshold, 2 options can be considered to determine the maximum transmission power PH 
· Option 1: PH may refer to the power class of a LTE device;

· Option 2: PH may stand for the temporal maximum transmission power during the next LAA burst 
3 Power density

Regulations define the requirement for the power density for some cases. According to [3], for devices with TPC, the RF output power density when configured to operate at the highest stated power level of the TPC range shall not exceed the levels given in table 1.  

Table 1: Mean e.i.r.p. limits for RF output  power density at the highest power level
	Frequency range
[MHz]
	Mean e.i.r.p. density limit  [dBm/MHz]

	
	with TPC
	without TPC

	5 150 to 5 350
	10
	7/10 (see note 1)

	5 470 to 5 725
	17
	14

	NOTE 1: The applicable limit is 7 dBm/MHz, except for transmissions whose nominal bandwidth falls completely within the band 5 150 MHz to 5 250 MHz, in which case the applicable limit is10 dBm/MHz.


Besides the above requirement, power density is also required by the channel occupation rate and testing. According to [3], 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 analyser 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 if a PRB pair is not scheduled so as to maintain an allowable occupied channel bandwidth. 
· In a LTE subframe, 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.
However, the total transmitted power for the OFDM symbols carrying ZP CSI-RS resources decrease, which cause the fluctuation of transmission power in a subframe. As a result, the channel may be determined as “idle” by some other LAA devices or Wi-Fi devices during the period that ZP CSI-RS is allocated, especially for the case that many ZP CSI-RS resources are configured. 
Moreover, the transmission power could vary over a channel occupancy time if UEs are scheduled in different subframes within the channel occupancy period, because the optimal transmission power targeting UEs could be different. Consequently, the channel may be determined by other devices as “idle” in some subframes while “busy” in other subframes. Such LAA cell would cause undesirable interference to the device, which grabs the channel in the subframe the LAA cell transmitting with too low power to be detected by CCA. Therefore, methods should be studied to limit the variation of transmit power over a channel occupancy time. 
Proposal 2: Methods should be studied to limit variation of transmit power over a channel occupancy time.
4 Conclusions
In this contribution, we analyzed potential issues of DL power allocation in unlicensed band and had the following proposals:

Proposal 1: When deriving the CCA threshold, 2 options can be considered to determine the maximum transmission power PH 
· Option 1: PH may refer to the power class of a LTE device;

· Option 2: PH may stand for the temporal maximum transmission power during the next LAA burst 

Proposal 2: Methods should be studied to limit variation of transmit power over a channel occupancy time.
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