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1 Introduction

In RAN 70 meeting, the work item on enhanced LAA has been approved [1]. The detailed objectives of the work item are to specify support for the following functionalities:

· UL carrier aggregation for LAA SCell(s) (with one or more UL carriers in unlicensed band) using Frame Structure type 3 [RAN1, RAN2, RAN4]

· The channel access mechanism shall use the decisions made in RAN1 during Rel-13 as a starting point

· Specify support for PUSCH and SRS

· Support both self-scheduling and cross-carrier scheduling from licensed spectrum.

· If needed, specify support for PUCCH [RAN1]
· If needed, specify support for PRACH [RAN1]
· The work item should also specify base station and UE core requirements of 5 GHz spectrum to support the above features [RAN4, RAN1]

· Complete support for 10 MHz system bandwidth as an LAA SCell [RAN4]

To support efficient UL transmission (including PUSCH/SRS and PUCCH/PRACH if supported) in unlicensed band, the power control is one of the essential operations. In this contribution, we analyzed the potential issues of UL power control and discussed possible solutions.  
2 Discussion    
In LTE system, UL power control plays an important role in optimizing uplink system capacity. UL power is adjusted to ensure the required SINR at eNB and tries to reduce the interference to other nodes.  For UL transmission on unlicensed band, new functionality of UL power control could be considered. PUSCH transmission in unlicensed band could be dropped if the detected power during the CCA is more than the threshold. Because the CCA threshold depends on the maximum transmission power, the UL power reduction could equivalently increase the CCA threshold. Then, the UL transmission opportunity is increased. To avoid much impact on WiFi, the CCA threshold could only vary within a certain range. Considering that eNB may not have full knowledge of interference around the UE side, it would be beneficial to give some freedom at UE side to adjust the transmit power according to the detected interference [2].

Proposal 1: UL power reduction at UE side could be studied to reduce the drop probability of UL transmission.
In UL power control operation, the upper bound of UL transmission power is constrained by configured maximum output power for each carrier (PCMAX,C) and the total configured maximum output power (PCMAX), when the UE is configured with more than one CC. PCMAX  could vary with the number of  aggregated UL CCs.  PCMAX,C  also depends on the number of PRBs together with the modulation order for intra-band CA [3].  In the case of CA, UE could get the information of all scheduled UL transmissions by decoding UL grants for all these scheduled UL CCs at almost the same time. Certainly, all the scheduled UL transmissions are to be transmitted. Then, UE could determine the maximum transmit power, and UE could scale the power of some UL channels/signals with lower priority if it is in power-limited case. There would be several milliseconds (between the subframe UE receives the UL grant and the subframe UE transmits UL channels/signals) to prepare the bits and UL power for the scheduled UL transmissions. In the case of Dual-connectivity, when the UL CCs are not well synchronized, UE may receive the UL grants from one eNB earlier while from the other eNB later, e.g. with up to 1 ms delay between MeNB and SeNB. In that case, the processing time is reduced by at most 1 ms, if UE starts preparing the UL transmission associated with earlier transmission after the reception of UL grants associated with later transmission. The processing time may not be enough. Therefore, “non-look-ahead” behaviour is specified that the transmission power of earlier UL transmission is determined without the consideration of later UL transmission.    
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 unlicensed Scells may be dropped due to the failure of LBT. In the case the number of UL CCs finally transmitted is different than that of scheduled, the PCMAX,C  and PCMAX may change. 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 unlicensed 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. 
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Figure 1 Illustration of uncertain UL transmission 
Observation 1: The maximum transmission power determined based on scheduled UL CCs and finally transmitted UL CCs could be different. 
Observation 2: On the one hand, there would be not enough time for a UE to prepare the UL power based on LBT result right before the UL subframe. On the other hand, the UL transmission power would be wasted if UE prepares the UL power based on received UL grant. 

 Proposal 2: The UL transmission power should be determined according to scheduled PUSCH transmission.

Proposal 3: The power allocation mechanism between licensed and unlicensed CCs when UE is power limited should be studied to improve the power efficiency as well as guarantee the performance of higher QoS traffic. 
According to ETSI regulation, the RF output power and power spectral density (PSD) should be constrained in certain unlicensed bands [4]. 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. The resource allocation of PUSCH should fully utilize the total transmission power with restricted 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.


Proposal 4: UL transmission power should be configured to meet the requirement of both maximum transmission power as well as the PSD.  
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. 
Observation 3: PHR for unlicensed Scells could not be generated according to the real transmission, which is subject to LBT.
 Proposal 5: 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:

Observation 1: The maximum transmission power determined based on scheduled UL CCs and finally transmitted UL CCs could be different. 

Observation 2: On the one hand, there would be not enough time for a UE to prepare the UL power based on LBT result right before the UL subframe. On the other hand, the UL transmission power would be wasted if UE prepares the UL power based on received UL grant. 

Observation 3: PHR for unlicensed Scells could not be generated according to the real transmission, which is subject to LBT.

Proposal 1: UL power reduction at UE side could be studied to reduce the drop probability of UL transmission.
Proposal 2: The UL transmission power should be determined according to scheduled PUSCH transmission.

Proposal 3: The power allocation mechanism between licensed and unlicensed CCs when UE is power limited should be studied to improve the power efficiency as well as guarantee the performance of higher QoS traffic. 
Proposal 4: UL transmission power should be configured to meet the requirement of both maximum transmission power as well as the PSD.  

Proposal 5: PHR for unlicensed Scells should be generated according to the scheduled UL transmissions indicated by UL grant.
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