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1 Background 
In RAN#70, Rel-13 WI for LAA (Licence Assisted Access) has been completed [1] and a new work item was agreed for enhanced LAA (eLAA) of LTE in unlicensed spectrum [2]. In Rel-13 LAA WI, DL CA has been considered. In Rel-14 eLAA WI, UL is considered in addition to already specified DL CA. 

One of the main tasks of this WI is to define receiver requirements for LAA BS. In RAN4#79, we discussed the suitable REFSENS levels for eLAA BS. In this contribution, we evaluate the impact of different BS noise-figure levels in terms of considered performance metrics and provide our understanding on suitable NF value for local area BS class.

2 Simulation parameters and assumptions
In this contribution, we present our simulation results for NF values in indoor deployment scenarios. We cconsidered 

LAA-to-LAA interference scenario. 

2.1 Indoor layout

As shown in the figure below, two operators (OP#1 and OP#2) deploy 4 small cells each in the single-floor building (cf. [TR 36.889]). 
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Inside the deployment area, we have 20 UEs per operator per floor. Resulting BS and UE deployments look as follows.
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2.2 System parameters

We have mainly followed the system parameters as defined in 36.889. Some of these parameters are mentioned here. For the same operator, the network is synchronous in these simulations. All the nodes have DL and UL with UL/DL probability of 50%/50%. Both in the DL and UL, whole system bandwidth is occupied.

Regarding the transmit powers, BS total transmit power is 24 dBm. For UE max. total transmit power (on aggregated unlicensed carrier) is assumed 18 dBm.
Following pathloss scenario is used for our simulations.
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2.3 Adjacent channel usage scenario

Two 20 MHz adjacent channels shared between two operators in a fair manner, as illustrated on the figure below.
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ACLR and ACS values for LAA systems are shown in the table below.
	Type
	ACLR [dBc]
	ACS [dB]

	LAA BS
	35 dBc
	[35] dB

	LAA UE
	30 dBc
	27 dB


2.4 UL power control method

The transmit power control uses the following formula, based on TR36.942:
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Here: 

· Pt is the transmit power of the UE in dBm
· Pmax is the maximum transmit power in dBm
· Rmin is the ratio of UE minimum and maximum transmit powers Pmin / Pmax. 
· PL is the path-loss in dB for the UE from its serving BS 
· PLx-ile is the x-percentile path-loss (plus shadowing) value. 
· Alpha, 0<(<=1, is the balancing factor for UEs with bad channel and UEs with good channel.
2.5 UL-to-UL interference scenario
We consider UL-to-UL interference scenario for LAA-LAA case. The interference scenario is shown in the figure below.
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3 Noise figure simulations

Relative UL throughput is shown in the figure below: 
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Extracting the results from these simulations results, we summarize the relative throughput loss in the table below for 5%, 50% and 95% throughput. In the figure below, the noise floor is calculated as follows: 

	Noise-Figure [dB]
	Noise-Floor [dBm]
	ΔTP loss (5th-%ile)
	ΔTP loss (50th-%ile)
	ΔTP loss (95th-%ile)

	13 dB
	-88.45 dBm
	0
	0
	0

	15 dB
	-86.45 dBm
	0.4%
	0.1%
	0.03%

	17 dB
	-84.45 dBm
	1.61%
	0.42%
	0.06%

	19 dB
	-82.45 dBm
	3.57%
	1.18%
	0.11%

	21 dB
	-80.45 dBm
	6.31%
	2.07%
	0.3%

	23 dB
	-78.45 dBm
	11.36%
	3.09%
	0.53%


Noise-Floor [dBm]     = -174 [dBm/Hz] + 10*log10(18e6) [Hz] + NoiseFigure [dB]

In Rel-8, REFSENS for 20MHz BS receiver is defined as -101.5dBm and -93.5dBm for wide area BS and local area BS, respectively. Considering that, 5dB NF is assumed for wide area BS, the NF considered for local area is 13dB. Thus, we choose to investigate a NF-range from 13 dB to 23dB.  

As seen from the results, a suitable NF assumption for LAA BS receiver could be 17dB by considering 4dB NF relaxation for local area base station. With a 4dB relaxation, we only allow a relative throughput degradation of 1.61%, 0.42% and 0.06% for 5%, 50% and 95% UL throughput, respectively. This is very small degradation considering the flexibility that it will provide in the design of the BS receiver.     
4 Related REFSENS levels for band 46 local area BS

In Rel-8, REFSENS NF assumption defines the related REFSENS levels for BS. Considering all other parameters same (implementation margin, KTB, SNR, etc), relaxation of NF will results in following REFSENS:
	
	NF (dB)
	REFSENS (dBm)
	Impact

	Rel-8 local area BS

	13
	-93.5
	

	2dB higher NF 
	15
	-91.5
	Negligible degradation in UL throughput, however still RFSENS levels lower than -88dBm/20MHz 

	4dB higher NF
	17
	-89.5
	Slightly higher degradation (still very insignificant), and REFSENS levels still lower than -88dBm/20MHz

	6dB higher NF
	19
	-87.5
	Very small degradation in UL throughput


Considering that, UE REFSENS for band 46 is -90dBm/20MHz, one possibility could be to settle for -90dBm/20MHz REFSENS for local area BS, thus, assuming a NF of 16.5dB for local area BS.
5 Summary
We have provided simulation results for impact of BS NF values for indoor scenario, which is applicable for local area base station. Based on our analysis, we observe that there is a possibility to determine more suitable NF parameter for local area BS operating in band 46. 
Our investigations in this paper are limited to indoor scenario only. We need to perform more investigations for outdoor scenario, thus, conclusions for medium range BS class cannot be made at this moment.
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