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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. Considering limited time for LAA WI, the work item shall only specify support for LAA SCells operating with only DL transmissions. For UL, the following should be agreed (but not specified): the principles of UL channel access and the necessary forward compatibility mechanism so that the UL for LAA SCells can be added in future release without modifications to the DL design [1]. 

Listen-Before-Talk (LBT) is a key mechanism to avoid interference between different nodes, which is mandated by European regulation and Japan regulation. As capture in [2], four LBT categories were studied in SI phase, and LBT category 4 was agreed as baseline for LAA DL. A different LBT scheme may be used in LAA UL to increase the opportunity for UL channel occupation. CCA threshold is a critical parameter which impact LBT operations. According to European regulations, the CCA threshold is related to maximum transmission power e.i.r.p. In a LBT scheme, the received power is compared with CCA threshold to determine if the channel is idle in a CCA slot. The device could access the channel only when one or multiple idle CCA slots are detected. The fluctuation of transmission power of a node will cause the change of received power of nearby nodes, hence impact LBT operations. 
In this contribution, we provide our views on CCA threshold determination and also discuss the impacts of power fluctuation in a LAA transmission burst. 
2 CCA threshold
In a LTE system running LBT, the devices should perform a Clear Channel Assessment (CCA) before transmitting in the radio channel. 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. Otherwise, an ECCA procedure is started for LBT category 3/4 [2], i.e. randomly generate a number N with the range of [1, CW], and channel occupation is allowed when N idle CCA slots are detected. 
In LBT operations, the energy detection threshold for CCA (TH_CCA) may be a predefined value. For example, it is defined as -62dBm in a WiFi system and is -82dBm if WiFi preamble could be detected. However, a fixed TH_CCA in principle doesn’t work well with power control, which is a well-defined feature of LTE for better link performance. Actually, according to [3], TH_CCA could be dependent on the maximum transmit power e.i.r.p. (PH) of the transmitter, i.e., TH_CCA = -73 dBm/MHz + 23 – PH. Therefore, CCA threshold is a function of the maximum transmission power e.i.r.p., and vice versa. Having such an relation between TH_CCA and PH, the opportunity for channel occupation can be increased without introduce excessive interference to other devices. Three options could be considered, 
· Option 1: 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 or regulation limitation on maximum transmission power in a country/region, the actual transmission power of a LAA BS may be much lower than the maximum value determined by power class. That is, TH_CCA used by LTE device may be too conservative in this option. 
· Option 2: PH may stand for the temporal maximum transmission power during the next LAA burst after channel is occupied. TH_CCA is dynamically determined by PH. Equivalently, the allowed PH could also be derived by TH_CCA adopted in LBT operation. In details, denote the detected energy level as CCA_E, if consider it as the CCA threshold, the allowed maximum transmission power PH for the next LAA burst can be derived, e.g. PH ≤ -73 dBm/MHz + 23 – CCA_E. In certain cases, a LTE device may automatically reduce its PH in the next LAA burst so as to increase the TH_CCA. By this way, it increases the possibility that a CCA slot is determined as idle hence increase the opportunity for channel access. However, the allowed maximum transmission power in the next channel occupation is reduced. 
· Option 3: As a trade off for the above 2 options, TH_CCA and PH could be semi-static. If TH_CCA is configured, it limits PH of a LTE device. Alternatively, if PH is configured, TH_CCA can be derived accordingly. For example, as discussed in [4], since Pc_max,c is configured for each uplink carrier for a UE, the TH_CCA for uplink serving cell c could be derived by Pc_max,c. 

Further, it could be considered to configure different TH_CCA/PH for different type of signal even for the same duplex direction. One example is to have different TH_CCA for DRS only LAA burst and LAA burst with DL data. General speaking, the transmission power for DRS only burst case may be lower than DL data burst, so a higher CCA threshold could be used. In another example, different TH_CCA may be used for different type of UL signals, i.e. UL data, SRS and PRACH preamble. SRS and PRACH preamble may have relatively higher TH_CCA than UL data transmission. 
TH_CCA determined by above 3 options could be considered as the maximum CCA threshold value allowed for LBT operation. In the real deployment, it could be up to implementation or configured by certain signaling so that a lower CCA threshold than TH_CCA could be used in LBT operations. 
Option 1 has the drawback of less flexibility for LBT, hence is not preferred. For above Option 2 and 3, TH_CCA could be determined by a semi-statically configured PH or the temporal PH of the next channel occupation. PH in Option 2 and 3 is normally less than the maximum transmission power of the power class, so it allows an increased TH_CCA, hence larger opportunity for channel access of a LAA device. On the other hand, since a LAA device is to occupy the channel with low transmission power, it results in a small coverage. However, it is not a problem for a small cell or for a UE in cell center or for transmission with low MCS/TBS. Option 2 is slightly preferred over Option 3 since it provides larger opportunity for channel access. 
Proposal 1: Adopt Option 2, i.e. dynamic determination of TH_CCA with maximum transmission power e.i.r.p. PH. 

An eNB normally deploys multiple carriers. However, eNB cannot continuously use a carrier due to regulation restriction, i.e. LBT and discontinuous transmission. Then, one issue is how to allocate eNB transmission power to the multiple 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 carrier is increased. DL performance on the carrier may be improved due to the larger available power. Of course, the transmission power of a carrier must still within the regulation restriction. 
· Option 3: There is no standardization and is left to implementation. Then, it is vendor choice whether to dynamic share transmission power or not. 

For both Option 2 and Option 3, eNB may adjust the transmission power of a carrier based on the currently occupied carriers. As discussed above, different transmission power may require different CCA threshold. This is to maintain a good co-existence among multiple devices and is required by regulation. Therefore, the maximum transmission power on a carrier may be dynamically changed with Option 2 or Option 3, which motivates a scheme to adapt CCA threshold dynamically as captured in Proposal 1. 
Proposal 2: Transmission power could be dynamically shared among multiple carriers. However, the power sharing may be left as eNB implementation choice. 
3 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 3: If a constant power envelop cannot be achieved, the range of power fluctuation should be configured. 
4 Transmission power in a subframe
Regulations define the requirement for the power density for some cases. 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 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 4: Dummy signal may be transmitted to maintain occupied channel bandwidth of at least 80% of nominal channel bandwidth.
Proposal 5: Power boosting on the REs other than those occupied by ZP CSI-RS is used to reduce power fluctuation in a subframe.
5 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: Adopt Option 2, i.e. dynamic determination of TH_CCA with maximum transmission power e.i.r.p. PH. 

Proposal 2: Transmission power could be dynamically shared among multiple carriers. However, the power sharing may be left as eNB implementation choice. 
Proposal 3: If a constant power envelop cannot be achieved, the range of power fluctuation should be configured. 
Proposal 4: Dummy signal may be transmitted to maintain occupied channel bandwidth of at least 80% of nominal channel bandwidth.
Proposal 5: 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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