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1 Introduction
In RAN#68, a new work item was agreed for licence assisted access (LAA) of LTE in unlicensed spectrum [1]. In this WI; a new feature, unlicensed operation of LTE carrier(s) in carrier aggregation with one or more licensed carrier will be developed. Mainly, 5GHz unlicensed spectrum will be considered in this WI. 

In Rel-8 LTE, the RF requirements for BS were defined considering the operations in licensed bands which is exclusive for any specific operator. Instead in 5GHz unlicensed spectrum, LAA BS is expected to co-exist with other unlicensed devices, e.g. WiFi nodes, etc. In this contribution, we provide our understanding on defining suitable RF requirements for LAA BS which should have a fair coexistence with other services in in unlicensed spectrum. 
2 LTE Rel-8 ACLR and ACS parameters 
Adjacent channel leakage ratio (ACLR) defined as the ratio between average transmit power in the desired carrier compared to aggregated leakage caused by the desired carrier to the adjacent carrier located.  ACLR values are expected to be relevant for the ”worst case” scenario, i.e. maximum RBS transmit power and transmitting in full bandwidth. According to 3GPP TS 36.104, E-UTRAACLR = 45dB for 20MHz carrier for both 1st and 2nd adjacent channels. The ACLR for RBS is shown in Figure 1. In this example below, when transmitter output power is set to 44dBm, then max allowed leakage will be -1dBm/20MHz.
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Figure 1 Adjacent channel leakage requirement for Rel-8 RBS

Adjacent Channel Selectivity (ACS) in Rel-8 LTE node is also around 45dB.
3 Wi-Fi ACLR and ACS

Wi-Fi ACLR is defined from the following spectrum emission mask for 5GHz spectrum in Figure 2. For ACLR, a value of 26dB is defined based on the spectrum emission mask. This value is achieved by integrating the emission limits between 11 to 29 MHz ranges of the spectra. 
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Figure 20-19—Transmit spectral mask for 20 MHz transmission in the 5 GHz band




Figure 2 Spectrum emission mask for 5GHz
For ACS, we use the table shown in Figure 3, which is obtained from [4]. As seen from the table, the REFSENS for the lowest modulation is -82dBm. Considering that, we may need 1dB SINR to obtain 10% PER, the noise and interference level is at -83dBm. Having the desired signal 3dB above the REFSENS value (since we measure at 3 dB above REFSENS to reduce impact of the receiver noise on the ACS measurement)  we have (-82+3) dBm with 16dB rejection, thus, an adjacent channel signal of -63dBm is allowed. So, roughly, around 20dB ACIR is needed for Wi-Fi. The methods in defining ACS for LTE and WI-Fi are little different. The difference is that the ACS measurement (the wanted- and interferer signal levels) in IEEE does not account for the fact that the receiver needs a certain minimum SNR. For the MCS in WiFi spec, one should add the minimum SNR to the ACI rejection value in order to compare with LTE. However, selectivity about the same for all MCS levels in WiFi spec. LTE only tested at low MCS and the interferer level used accounts for the minimum SNR unlike in the WiFi case..  
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Figure 3 ACR definition in Wi-Fi spec
The measurement of the ACS in the IEEE spec is described as below:
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4 Leakage and selectivity parameters for LAA nodes in unlicensed spectrum
The following table summarizes the leakage and selectivity parameters for LAA nodes and WiFi APs. In the table below, we consider a 22dB ACS for WiFi system.
	
	ACLR
	ACS
	ACIR

	LTE Rel-8
	45
	45
	LAA to WiFi ACIR ≈21.98dB

	WiFi
	26
	22
	WiFi to LAA ACIR≈25.95dB
WiFi to WiFi ACIR≈20.54dB

LAA op1 to LAA op2 ACIR≈ 45 dB


In terms of transmitter leakage and receiver selectivity performance, LTE Rel-8 nodes are much more superior compared to WiFi nodes or stations. According to these numbers, WiFi nodes has roughly 19dB higher emission levels compared to LTE Rel-8, while roughly 23~25dB lower selectivity compared to LTE Rel-8. Even though this is the case, when an LTE Rel-8 node interferes with a WiFi node, then the final interference ratio is better compared to the case when an WiFi interferes an LAA node by around 4dB. This is because we protect the WiFi nodes in both ways by having more stringent RF requirements:

1. When LAA is an interferer, then LAA protects WiFi nodes by emitting at least 19dB less emissions compared to when WiFi is the interferer.

2. When LAA is interfered, then LAA protects itself from WiFi interferer by virtue of having very good selectivity, i.e. at least 23dB better selectivity.

Observation-1: Having very good leakage and selectivity behavior from LAA does not provide any additional benefit to LAA system since other systems barely fulfill the requirement in unlicensed spectrum.

Moreover, 45 dBc is chosen in Rel-8 based on the macro node power of 46 dBm. However the transmitted power of LAA node is much lower, i.e. in the order of maximum of 30dBm, so it is reasonable to assume that the ACLR for LAA nodes can be relaxed, as discussed in SI phase and detailed in [2]. Thus, it makes sense to study the relaxation of leakage and selectivity parameters for LAA nodes in the work item phase. 
5 Relationship between ACLR, EVM and higher order modulation
While considering the possibility for transmiter side RF relaxation, we should keep in mind that Tx relaxation is tightly coupled with transmit power. When maximum allowed transmit power is high, then relaxing the transmitter leakage requirement may not be possible. Therefore, if the maximum allowed DL power is reduced, then there are possibilities for relaxing the leakage requirement. In case of LAA BS, the output power levels are much lower compared to a Rel-8 macro RBS.
In this section, we present our simulation results regarding suitable ACLR requirements for LAA node. The simulation assumptions are shown below. EVM is computed over 10 TTI assuming Ideal receiver, according to the 3GPP specification. Based on the parameters below, for certain output power, we measure the leakage power in adjacent channel based on the PA model as shown in FIGURE XX, and then we also measure the resulting EVM.
	Parameter
	Value

	QAM
	64, 256

	Oversampling
	5

	
	

	Number of Tx antennas
	1

	Channel
	Rayleigh

	Number of UE
	1

	Number of Rx antennas
	1


The transfer characteristics of the PA considered is shown in Figure 3.  The figure shows only AM/AM curve. The AM/PM curve is almost linear.
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Figur 3 AM/AM curve for the PA considered in simulations
In Table 1, we present our evaluations on the relationships between output power, EVM and leakage levels for RBS.. 

Relaxation of ACLR may cause in-band distortion to increase, thus the resulting EVM becomes worse if ACLR is relaxed. The results in the table below show that, ACLR and EVM are very closely related. Besides, this relationship also depends on actual output power. For example when power backoff is employed, the PA will operate in linear region, hence the ACLR/EVM will be impacted. At an output power level of 12dBm, EVM is 2.91% when ACLR is -39.79dBc. This level of EVM is required when 256QAM is supported. For support of 64QAM, the level is at 17dBm transmit power with 7.81% EVM. 
	Power
	Achieved leakage level in dBc
	EVM in %

	18
	-29.32
	9.29

	17
	-30.93
	7.81

	16
	-32.59
	6.49

	15
	-34.33
	5.36

	14
	-36.11
	4.39

	13
	-37.93
	3.58

	12
	-39.79
	2.91

	11
	-41.67
	2.35

	10
	-43.58
	1.89

	9
	-45.50
	1.53


Table 1 Relationships between output power, EVM and ACLR
If we choose to relax the ACLR arbitrary low to be close to WiFi ALCR values, then we may be only able to support 64-QAM (barely), 16-QAM, and QPSK. For supporting 256-QAM, we may have to use power backoff in DL for obtaining reasonable EMV levels.
Thus, the following are our conclusions, if suitable ACLR parameter for LAA BS is defined as 30dBc, then following backoff need to be used for 64-QAM and 256-QAM:

	Transmit power
	Modulation format
	Backoff required

	18dBm
	QAM or 16-QAM
	0dB

	18dBm
	64-QAM
	1dB

	18dBm
	256-QAM
	6dB


The above conclusions are in line with WiFi systems, which operate in the same spectrum, i.e. Wi-Fi does a lot of backoff to use higher order modulation [5]
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[9]. So LAA should also use similar procedures to keep LAA products competitive.
Based on these discussions, we propose the following: 
Proposal: Suitable ACLR parameter for LAA BS would be 30dBc. When 64-QAM and 256-QAM need to be supported, then 1dB and 6dB backoff values need to be specified respectively.  
6 Conclusion

CA of licensed band with LAA band is a promising feature for LTE network where the LTE can provide higher data rate compared to other systems operating in 5GHz unlicensed bands. In general, CA of licensed band with LAA bands can be similar to other inter-band CA configuration, such that some of the understandings and agreements of inter-band CA in RAN4 can be re-used in CA with LAA configurations. 
We observe the following:

Observation-1: Having very good leakage and selectivity behavior from LAA does not provide any additional benefit to LAA system since other systems barely fulfill the requirement in unlicensed spectrum.
We propose the following: 

Proposal: Suitable ACLR parameter for LAA BS would be 30dBc. When 64-QAM and 256-QAM need to be supported in LAA system, 1dB and 6dB backoff values need to be specified respectively.  
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