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1      
Introduction
The Work Item “Enhanced Licensed-Assisted Access to Unlicensed Spectrum” (approved in [1]) targets at enhancing LAA by introducing support for UL operation on unlicensed carriers. One part of the approved WID tasks RAN1 to specify PUSCH on LTE Frame Structure 3. In this contribution we consider PUSCH transmission power issues related to LAA SCell operation. 
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Transmission power and power headroom with CA
In the case of UL carrier aggregation, carrier specific power control can result in total transmit power that would exceed 
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. In this case, UE scales down the PUSCH transmission power(s) so that 
[image: image2.wmf]CMAX

P

 is not exceed. However, LBT may prevent transmission on some of the scheduled carriers, in which case the total transmit power is less than 
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 In this case, UE could change the power scaling factors 
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 so that PUSCH transmission power is scaled down less on the carriers that pass LBT and are actually transmitted. The obvious challenge is the very short time between the LBT measurement and start of UL subframe. Hence we see that it can be left for UE implementation whether the power scaling factors are determined based scheduled carriers or carriers that are actually transmitted.  

Proposal 1: UE may determine the power scaling factors w(i) either based on scheduled cells or cells that are available for transmission after LBT. 
It can be noted that the potential power scaling is done after the computation of power headroom (PH) and, hence, it is natural that PH computation is not affected by potential re-calculation of power scaling factors. However, it needs to be clarified whether power headroom report (PHR) is determined based on real transmission or reference format (“virtual PH”) when LBT prevents transmission on the serving cell. It should be noted that changing the PH format does not only change PH computation, but also fields included in the PHR and, hence, PHR size. We see that there is simply no time for so large “last-microsecond” changes after LBT. 

Proposal 2: Power headroom reporting is not affected by LBT result.
As a consequence, PH format should not depend on whether a scheduled PUSCH is actually transmitted or blocked by LBT. It should be clarified whether a real transmission or reference format PH is used on for a scheduled LAA Scell. Since eNB can detect whether UE transmitted or not, it is preferable that UE reports PH value based on a real transmission even if there is no transmission due to LBT failure. Thus eNB can have more information for future scheduling. Further, it should be noted that the computation of reference PH format is based on assumption of 1 PRB allocation. Although such allocation is not possible in LAA SCell, we do not see strong reason to change the LAA SCell reference PH format to be based on assumption of 10 PRB allocation.
Proposal 3: Power headroom value on scheduled LAA SCell is based on a real transmission computation format regardless whether LBT prevents actual transmission or not.
3
Aggregate transmission power with B-IFDMA
LAA B-IFDMA allows for multiple UEs to access the same 1 MHz bandwidth. As a result, the aggregate transmit power occurring within the cell area may occasionally exceed the maximum transmit power allowed for single UE by PSD limit. Concern on potential impact to fair coexistence was presented in [2] – [3]. Further, concern on spectrum flatness was discussed in [3]. However, due to lack of definition of used terms, targeted limits for spectrum flatness in frequency selective propagation environment, or explanation of coexistence impact mechanism this aspect is not addressed in this contribution. Instead, we focus on investigating the aggregate transmit power aspect.
The main concern is that multiple UEs transmitting simultaneously will generate higher interference power and potentially block channel access from other equipment on a larger surrounding area than single transmitting UE would, and potentially causing unfair coexistence. To investigate the impact, we simulated Wi-Fi / Wi-Fi as well as Wi-Fi / LAA coexistence in the indoor scenario at medium load. The portion of time that Wi-Fi equipment was in back-off due to another transmission blocking the channel access is shown in Figures 1 and 2 for  Wi-Fi AP and STA, respectively. In the simulations, LAA uses FDMA in the uplink, either with full TX power or with transmit power control. As the results clearly indicate, LAA transmission does not compromise fair co-existence with Wi-Fi.
In here, we considered the aggregate transmission power in the context of B-IFDMA. Similar situation in terms of aggregate transmission power occurs also in the case of multi-user MIMO. On unlicensed bands, multi-user MIMO will be used by Wi-Fi (802.11ax) in addition to LTE LAA. However, based e.g. on [5], it is not clear that Wi-Fi will employ specific measures to prevent the aggregate transmission power to exceed the maximum transmission power of single equipment.   

Observation: B-IFDMA aggregate transmission power over a cell area does not compromise fair coexistence with Wi-Fi
	Indoor scenario

[image: image5.png]W+W FDM FDM-PC




	


Figure 1. Portion of back-off time while medium is busy for Wi-Fi AP under medium load are shown in coexistence with another Wi-Fi (W+W), LAA using FDMA with full Tx power (FDM), LAA using FDM with TPC (FDM-PC)
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Figure 2. Portion of back-off time while medium is busy for Wi-Fi STA under medium load are shown in coexistence with another Wi-Fi (W+W), LAA using FDMA and full Tx power (FDM), LAA using FDMA with TPC (FDM-PC).
4
Conclusion
In this contribution we have discussed PUSCH transmission power issues related to LAA SCell. Based on the discussion, following proposals and observation are made.
Proposal 1: UE may determine the power scaling factors w(i) either based on scheduled cells or cells that are available for transmission after LBT. 
Proposal 2: Power headroom reporting is not affected by LBT result.
Proposal 3: Power headroom value on scheduled LAA SCell is based on a real transmission computation format regardless whether LBT prevents actual transmission or not.
Observation: B-IFDMA aggregate transmission power over a cell area does not compromise fair coexistence with Wi-Fi
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Appendix A: Simulation assumptions
General simulation assumptions are summarized in the following table:

	Parameter
	Value

	Scenario
	Indoor and outdoor LAA scenarios with two operators

	Propagation model
	Indoor: ITU InH; Outdoor: ITU UMi

	Slow fading (shadowing)
	Indoor: ITU InH; Outdoor: ITU UMi

	Traffic model
	FTP model 3, Packet size 0.5 MB

	LTE traffic
	Downlink and uplink, 50/50 split

	Wi-Fi traffic
	Downlink and uplink, 50/50 split

	Number of users per drop
	20 (total), 10 per operator

	User positioning
	Uniform, minimum inter-node distance 3 meters

	eNB/AP Tx power
	18 dBm (Antenna gain 5 dBi)

	UE/STA Tx power
	18 dBm (Antenna gain 0 dBi)

	Simulated bandwidth
	20 MHz unlicensed

	Center frequency
	5 Ghz


Table 1. General simulation assumptions.
Wi-Fi related assumptions are given here:

	Wi-Fi parameter 
	Value 

	Wi-Fi standard 
	IEEE 802.11ac 

	RTS/CTS 
	Disabled 

	Wi-Fi Scanning 
	Optimal (STAs select the best AP always) 

	minCW
	15 for APs and STAs

	maxCW 
	63 for APs, 1023 for STAs 

	AIFSN 
	3 

	TXOP limit 
	4.096 ms 

	Link adaptation 
	RSRP + ACK/NACK based outer loop

	AP DL MAC scheduling algorithm 
	Round Robin 

	Retransmissions
	Up to 10 MAC retransmissions

	MPDU/MSDU aggregation 
	Enabled 

	CCA-CS 
	-82 dBm

	CCA-ED 
	-62 dBm

	Antenna configuration 
	1x2 

	DL MCSs 
	Up to 256QAM 3/4

	UL MCSs
	Up to 64QAM 5/6


Table 2. Wi-Fi simulation parameters.
Similarly, LAA related parameters are shown here:

	LAA parameter 
	Value 

	Antenna configuration 
	1x2 

	Cell selection measurement quantity 
	RSRP 

	Scheduling
	Ideal scheduling from licensed PCell 

	HARQ 
	Chase combining; up to 6 retransmissions

	LA 
	CQI-based + OLLA 

	DL MCSs 
	Up to 256QAM 4/5

	UL MCSs
	Up to 64QAM 5/6

	UL power control
	Pathloss-based open loop PC; P0 = -60 dBm, α = 0.8

	No of PDCCH symbols per DL TTI 
	1

	Frame structure
	Flexible; ranging from DSUUUUUUUU to DDDDDDDDSU

	DL channel access
	Cat-4 LBT with best effort parameters; PDSCH starts
with 0.5ms granularity; max reservation signal 0.5ms; max
DL TxOP length 8ms

	UL channel access
	25us Cat-2 LBT before every UL burst

	CCA-ED (LBT threshold) 
	-72 dBm 


Table 3. LAA simulation assumptions.
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