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1. Introduction

One of the challenges to specifying a global unlicensed band is that there are a myriad of regulatory requirement worldwide.  It is desirable that a UE design is able to operate anywhere in the world on Band 46, but this implies that it must meet all general requirements as well as local regulatory requirements.  This contribution is an extension of [1] and focuses on the general UE Tx requirements.  A companion document in [2] discusses an approach for NS conditional requirements to meet local regulatory rules.
2. Discussion
For UE requirements such as maximum output power, configured output power, and spurious emissions, the usual approach is to define general requirements that all UE’s must meet in default, and then supplemental requirements that the UE must meet when signaled by the network via NS.  Typically, the general requirements are the least restrictive requirements and if more restrictive requirements are necessary or desired in the deployment, usually to comply with regulatory rules or specific coexistence conditions, then the applicability of these are signaled by NS.  We propose that a similar approach be taken for eLAA Band 46.  The general requirements, applicable by default under NS_01, are described below.
2.1. Maximum output power
It is proposed to set maximum output power to 23 dBm ± 2 dB.  A concern was raised whether PA’s are able to achieve 23 dBm with good efficiency at 5 GHz frequencies considering that current WiFi PA’s operating at 5 GHz only support maximum Tx power levels of approximately 18 dBm.  In discussions with PA vendors, it was indicated that 23 dBm maximum output power could be achieved.  Of course, MPR backoff may be required for higher order modulations or for some uplink waveforms to meet ACLR, SEM, or other emission requirements.  

2.2. ACLR

E-UTRA ACLR is 30 dB.  However, it was proposed in [1] to consider a relaxed ACLR value if it can be shown that there is benefit in terms of smaller MPR required and therefore the ability to reach higher maximum output power.  Moreoever, relaxed ACLR was justified since it was noted that the basestation ACLR requirement in Band 46 has already been relaxed by 10 dB from 45 dB to 35 dB.  Therefore, to maintain balanced coexistence, it may not be necessary to keep the UE ACLR at 30 dB thereby incurring a larger than necessary MPR.  Initial studies [3] have indeed indicated that ACLR at 30 dB is the dominant requirement in PA linearity.  Therefore, a relaxation to ACLR will have a direct benefit to being able to transmit at higher power in regulatory domains where it is permitted.  Of course, for those regulatory environments where ACLR is required to be tighter or where maximum output power is otherwise limited, NS signaling can be used to indicate that 30 dB is required.  Nonetheless, our proposal is that the general requirement for ACLR in Band 46 is [25] dB.
UTRA ACLR1 and ACLR2 are not required for Band 46 since there is no UTRA deployment at 5 GHz.
2.3. Spectrum emission mask

The general SEM can apply for Band 46 as well, noting that only 10 MHz and 20 MHz channels are allowed for Band 46.
Table 6.6.2.1.1-1: General E-UTRA spectrum emission mask 

	Spectrum emission limit (dBm)/ Channel bandwidth
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	-13 
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	-13 
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	( 20-25
	
	
	
	
	
	-25 
	1 MHz


2.4. Spurious emissions

The general spurious emission requirements can apply for Band 46, with the extension up to 30 GHz to cover five times the highest transmission frequency in Band 46.  

Table 6.6.3.1-2: Spurious emissions limits 

	Frequency Range
	Maximum Level
	Measurement bandwidth
	NOTE

	9 kHz ( f < 150 kHz
	-36 dBm
	1 kHz 
	

	150 kHz ( f < 30 MHz
	-36 dBm
	10 kHz 
	

	30 MHz ( f < 1000 MHz
	-36 dBm
	100 kHz
	

	1 GHz ( f < 12.75 GHz
	-30 dBm
	1 MHz
	

	12.75 GHz ≤ f < 5th harmonic of the upper frequency edge of the UL operating band in GHz
	-30 dBm
	1 MHz
	1

	NOTE 1:
Applies for Band 22, Band 42, Band 43, and Band 46


2.5. Output power dynamics

It is not envisioned that any of the output power dynamics requirements; i.e., Min power, off power, on/off time masks, and power control require special treatment for LAA.  Therefore, the E-UTRA requirements can apply.

2.6. Transmit modulation quality

The EVM requirement is currently defined for QPSK, 16QAM, and 64QAM modulations.  Since these same modulations are used for LAA, an initial assessment might be that the same EVM requirements can be maintained.  Indeed, the same requirements should be maintained since these are necessary to ensure good performance when using these modulations.  However, in the event that it is discovered that the UE is not capable of meeting these EVM limits, for example, due to intermodulation products from the interlaced waveform falling on allocated RB’s, then further consideration to MPR may need to be studied.
Carrier leakage and IQ image are currently specified at -28 dBc for frequency bands below 1 GHz and -25 dBc for frequency bands above 1 GHz in recognition of the frequency dependent aspect of leakage.  It is proposed to maintain the value of -25 dBc for Band 46 at 5 GHz.

In-band emission requirements can be reused from E-UTRA for eLAA.

Table 6.5.2.1.1-1: Minimum requirements for Error Vector Magnitude
	Parameter
	Unit
	Average EVM Level
	Reference Signal EVM Level

	QPSK or BPSK
	%
	17.5
	17.5

	16QAM 
	%
	12.5
	12.5

	64QAM 
	%
	8
	8


Table 6.5.2.2.1-1: Minimum requirements for relative carrier leakage power

	Parameters
	Relative limit (dBc)
	Applicable frequencies

	Output power >10 dBm
	-28
	Carrier center frequency < 1 GHz

	
	-25
	Carrier center frequency ≥ 1 GHz

	0 dBm ≤ Output power ≤10 dBm
	-25
	

	-30 dBm ≤ Output power ≤0 dBm
	-20
	

	-40 dBm ( Output power < -30 dBm
	-10
	


Table 6.5.2.3.1-1: Minimum requirements for in-band emissions

	Parameter description
	Unit
	Limit (NOTE 1)
	Applicable Frequencies

	General
	dB
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	Any non-allocated (NOTE 2)

	IQ Image
	dB
	-28
	Image frequencies when carrier center frequency < 1 GHz and Output power > 10 dBm
	Image frequencies (NOTES 2, 3)

	
	
	-25
	Image frequencies when carrier center frequency < 1 GHz and Output power ≤ 10 dBm
	

	
	
	-25
	Image frequencies when carrier center frequency ≥ 1 GHz
	

	Carrier leakage
	dBc
	-28
	Output power > 10 dBm and carrier center frequency < 1 GHz
	Carrier frequency (NOTES 4, 5)

	
	
	-25
	Output power > 10 dBm and carrier center frequency ≥ 1 GHz
	

	
	
	-25
	0 dBm ≤ Output power ≤10 dBm
	

	
	
	-20
	-30 dBm ≤ Output power ≤ 0 dBm
	

	
	
	-10
	-40 dBm ( Output power < -30 dBm
	

	NOTE 1:
An in-band emissions combined limit is evaluated in each non-allocated RB. For each such RB, the minimum requirement is calculated as the higher of PRB - 30 dB and the power sum of all limit values (General, IQ Image or Carrier leakage) that apply. PRB is defined in NOTE 10.

NOTE 2:
The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured average power per allocated RB, where the averaging is done across all allocated RBs.

NOTE 3:
The applicable frequencies for this limit are those that are enclosed in the reflection of the allocated bandwidth, based on symmetry with respect to the centre carrier frequency, but excluding any allocated RBs.

NOTE 4:
The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured total power in all allocated RBs.

NOTE 5:
The applicable frequencies for this limit are those that are enclosed in the RBs containing the DC frequency if 
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 is odd, or in the two RBs immediately adjacent to the DC frequency if 
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 is even, but excluding any allocated RB. 

NOTE 6:
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 is the Transmission Bandwidth (see Figure 5.6-1). 

NOTE 7:
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 is the Transmission Bandwidth Configuration (see Figure 5.6-1). 

NOTE 8:

[image: image6.wmf]EVM

 is the limit specified in Table 6.5.2.1.1-1 for the modulation format used in the allocated RBs. 

NOTE 9:
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 is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g. 
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 for the first adjacent RB outside of the allocated bandwidth. 

NOTE 10:
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 is the transmitted power per 180 kHz in allocated RBs, measured in dBm.


3. Conclusion
The UE core Rx requirements have been discussed in this contribution for applicability to eLAA.  This contribution pertains to the general requirements that must be met by default when NS_01 is signaled by the network.  The MPR necessary to meet these requirements should be studied.
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