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1 Introduction

In RAN 70 meeting, the work item on enhanced LAA has been approved [1]. RAN1 has achieved great progress on PUSCH/SRS/PRACH and UCI transmission in last two RAN1 meetings. In addition to the basic design of these UL channels, the UL power control is quite important to support efficient UL transmission in unlicensed band. In this contribution, we discussed UL power related issues and proposed possible solutions.  
2 Discussion   
2.1 Energy detection threshold 

In Rel-13 LAA study, the CCA energy detection threshold for DL LBT is determined by the presence of other technologies on a long-term basis, the set maximum eNB output power for the carrier, and the single channel bandwidth.
It is natural to reuse the threshold adaptation rule of DL LBT to UL LBT. The set maximum eNB output power is replaced by the configured maximum output power for that carrier (PCMAX,c) or configured upper bound of transmission power  (PEMAX, c). Thanks to the UL power control in LTE system that targets the tradeoff between received SINR, inter-cell interference and the power efficiency, the actual UL transmission power of LAA UE is always lower than PCMAX,c, except for some cell-edge UEs. Even for these cell-edge UEs, it is unlikely PCMAX,c is frequently reached because of the small cell coverage of LAA cells. Obviously, the UL LAA LBT is rather conservative if the CCA threshold depends on PCMAX,c or PEMAX, c. Consequently, the channel access probability of LAA UE is unnecessarily reduced. 
Alternatively, using the actual UL transmit power instead of PCMAX,c or PEMAX, c to determine the CCA threshold seems reasonable. Then, eNB could make a choice between higher channel access opportunity and higher SINR. For example, on a loaded unlicensed carrier, lower UL transmission power is configured to obtain more chance to grab the channel with higher CCA threshold. 
Proposal 1: The energy detection threshold for UL LBT is almost the same as that for DL LBT, except for the maximum transmission power. Following alternatives could be considered:

· Use the PCMAX,c or PEMAX, c 
· Use the actual UL transmit power configured by eNB

2.2 PSD limitation

According to ETSI regulation, the RF output power and power spectral density (PSD) should be constrained in certain unlicensed bands [2]. The table below shows the limits in the form of the mean EIRP and the mean EIRP density at the highest power level. Therefore, in addition to limiting PCMAX /PCMAX,C to mean EIRP, LAA UE should also limit the PSD. 
Table 1: TPC, Transmit power and power spectral density requirements in Europe

	
	Freq. range (MHz)
	Max Mean EIRP (dBm)
	Max Mean EIRP density (dBm/MHz)
	Comment

	WAS/RLAN
	5150-5350
	23
	10
	20 MHz and 40 MHz channels

	
	5470-5725
	30
	17
	

	FWA
	5725-5875
	33
	23
	10 MHz channels

	
	5725-5875
	36
	23
	20 MHz channels

	Transmit Power Control (TPC):

TPC ensures an average reduction in the aggregated transmission power by at least 3 dB (5 dB for FWA) compared with the maximum permitted transmission power. 

TCP is not required for channels within the band 5150-5250 MHz.

Without TPC, the highest permissible average EIRP (density) are reduced by 3 dB.


The PSD and maximum transmission power is limited from UE’s perspective. In LTE system, it is possible to multiplex multiple UEs in the same UL subframe, e.g., by FDMA or MU-MIMO. If all these UEs are transmitting with 10dBm/ MHz PSD and each UE only occupies few interlaces, e.g., 10 UEs and each UE occupies one interlace, the total transmission power as well as PSD from network’s perspective would be 10 times larger than WiFi. The fair coexistence on unlicensed band would be a problem.  One simple way is to restrict the PSD to 3dBm/MHz [4]. However, it leads to poor UL power efficiency when only a few LAA UEs scheduled on a limited interlaces. The extreme case is only one UE scheduled on one interlace. The total transmission power is only 13dBm. To take full advantage of UL power and avoid severe impact to other nodes, it is beneficial to allow eNB to dynamically control UE’s maximum transmission power according its total scheduled UEs in a subframe. One possible way is to indicate the offset of maximum transmission power in UL grant. 
Proposal 2: UL transmission power should be restricted by PCMAX /PCMAX,C as well as maximum PSD per UE. In addition, eNB could indicate the offset of maximum transmission power to adjust the total transmission power from all scheduled UEs in the same UL subframe to improve the fair coexistence with other nodes.
2.3 UL power allocation
In CA-based LAA system, UE could decode UL grants for all scheduled UL transmissions at the same time. However, UE could not know which UL CCs out of all scheduled UL CCs could be transmitted, because the scheduled UL transmission on LAA Scells may be dropped due to LBT failure. In the case the number of UL CCs finally transmitted is different than that of scheduled, the PCMAX,C  and PCMAX may change [3]. However, it seems impossible for UE to prepare UL transmission power according to PCMAX,C and PCMAX based on the real transmission, since the LBT result is known only several microseconds before the transmission. The simplest way is that UE determines the transmission power according to the scheduled UL CCs, no matter some of these UL CCs could be transmitted or not.  UE may suffer power waste when some UL transmissions on LAA Scells are dropped. Especially when the power-limited case is identified with the assumption that all scheduled UL CCs are to be transmitted, UE reserves power for some UL transmission which is finally dropped while reduces the power for some UL transmission which is definitely to be transmitted. For example, the power of PUSCH on licensed Pcell/Scells is scaled to reserve some power for PUSCH on unlicensed Scells, but LBT is failed. It results in poor power efficiency. Besides, it would be undesirable that best-effort transmission on unlicensed Scells affects the traffic with higher QoS requirement, which is typically carried by licensed CCs. Therefore, it is beneficial to prioritize licensed CCs over unlicensed CCs when UE is power limited   
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Figure 1 Illustration of uncertain UL transmission 
Proposal 3: The power allocation mechanism between licensed and unlicensed CCs when UE is power limited should prioritize licensed CCs to improve the power efficiency as well as guarantee the performance of higher QoS traffic. 
2.4 PHR 
Power headroom indicates the difference between the maximum transmit power and the current transmit power. eNB could determine the UL resource allocation based on the PHR. There are two types of PHR, virtual PHR and real PHR. The virtual PHR is reported when there is no UL transmission on the corresponding UL CC, e.g., eNB does not schedule the UL transmission in some subframes.  It is based on a reference format. The real PHR is reported when there is UL transmission, which is based on a real transmission.  Because the UL transmission is subject to LBT, the scheduled UL transmission could be dropped if the channel is busy. In that case, it seems virtual PHR shall be reported. However, PHR is generated before the subframe to report. It is a prediction rather than a real-time measurement. UE has to estimate the power headroom with the assumption of “real transmission”, e.g., received UL grant. Therefore, the type of PHR should be determined by the scheduling information of UL transmission instead of real transmission. Similarly, the reported PCMAX,C in PHR is also determined based on scheduled UL transmission instead of real transmission. 
Proposal 4: PHR for unlicensed Scells should be generated according to the scheduled UL transmissions indicated by UL grant.

3 Conclusions
Based on the discussion above, we have the following observations and proposals:

Proposal 1: The energy detection threshold for UL LBT is almost the same as that for DL LBT, except for the maximum transmission power. Following alternatives could be considered:

· Use the PCMAX,c or PEMAX, c 
· Use the actual UL transmit power configured by eNB
Proposal 2: UL transmission power should be restricted by PCMAX /PCMAX,C as well as maximum PSD per UE. In addition, eNB could indicate the offset of maximum transmission power to adjust the total transmission power from all scheduled UEs in the same UL subframe to improve the fair coexistence with other nodes.
Proposal 3: The power allocation mechanism between licensed and unlicensed CCs when UE is power limited should prioritize licensed CCs to improve the power efficiency as well as guarantee the performance of higher QoS traffic. 
Proposal 4: PHR for unlicensed Scells should be generated according to the scheduled UL transmissions indicated by UL grant.
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