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1. Introduction

This contribution is an update to [1].  In particular, the proposals in [1] are re-evaluated based on discussions at the previous meeting as well as on new findings for MPR requirements presented in [2]. A tradeoff between ACLR and MPR is described.  Additionally, on/off time masks are recommended for further consideration pending discussion and decisions in RAN1 regarding eLAA timing requirements.  Other requirements such as spectrum emission mask and in-band emissions are also discussed.
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 by 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
In [1], it was proposed to set the maximum output power to 23 dBm ± 2 dB based partially on feedback from PA vendors that this output power level could be achieved.  In other contributions however, for example [3] and [4], a concern was expressed whether the PA at 5 GHz could deliver sufficient output power to provide 23 dBm at the antenna output, yet maintain good efficiency and meet required linearity.  Moreover, regulatory requirements in many countries limit the maximum output power to less than 23 dBm due to a PSD limitation; i.e., 10 dBm/MHz results in maximum output power of 22 dBm for 80% spectrally occupied 20 MHz channel.  Lastly, as it turns out and as detailed in [2], the power backoff (MPR) required to meet emission and transmit quality requirements is such that there does not exist any 0 dB MPR waveform.  The proposal in [2] is 3 dB, 3.5 dB, and 4.5 dB for QPSK, 16QAM, and 64QAM, respectively.  Consequently, all waveforms require some backoff to meet requirements and therefore there is little opportunity to transmit at maximum output power even in those countries where regulations do not impose a limit on PSD or maximum output power below 23 dBm.  In light of the above, we revise our proposal of maximum output power to be 20 dBm ± 2dB.  This would define Band 46 eLAA as power class 5.

2.2. ACLR

E-UTRA ACLR is 30 dB.  However, it was proposed in [1] to consider a relaxed ACLR value of 25 dB for eLAA 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 and therefore to maintain balanced coexistence, it is plausible to also relax the UE ACLR.  It was discovered in [2] that the MPR for QPSK and 16QAM modulations is indeed limited by the specifications of 36 dB, 33 dB, and 30 dB for UTRA ACLR2, UTRA ACLR1, and E-UTRA ACLR, respectively.  UTRA ACLR does not appear to be meaningful in this band since there are no existing or anticipated UTRA deployments at 5 GHz.  If it can be further agreed that E-UTRA ACLR can be relaxed from the LTE value of 30 dB for eLAA, then the MPR for QPSK and 16QAM modulations can be reduced.  Preliminary studies suggest that the improvement in MPR is very small, however, as SEM quickly becomes dominant after ACLR is relaxed.  Therefore, such a tradeoff and resulting optimization may not be worth pursuing.

2.3. Spectrum emission mask

The general SEM for LTE is shown below, nothing 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 
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On the other hand, it was proposed in [3] to apply the ETSI mask as the general requirement for the Band 46 UE.  Unlike the LTE SEM, the ETSI mask is not specified in terms of absolute power density but rather in terms of relative power density similar to ACLR.  Evaluating the ETSI mask with an assumed maximum transmitted power density of 10 dBm/MHz, it can be seen below that the ETSI mask is tighter than the LTE general SEM mask. Since it is expected that there will be additional power backoff required (preliminary studies suggest 1 to 1.5 dB additional backoff)  to meet the ETSI mask compared to general SEM, it may be preferred to maintain the LTE SEM as the general requirement and signal applicability of the ETSI mask and its associated A-MPR for those deployments needing it rather than penalizing all deployments.  
It is also worth mentioning that since the ETSI mask is relative, that the requirement in dBm/MHz scales with the transmitted power.  In contrast, the general SEM limits are absolute.  Thus, the ETSI mask including possible treatment as a relative PSD requirement should be considered in additional requirements as signaled by NS.  As a side note, the basestation specifications for UEM only specify the mask relative to a fixed power level of Pmax,c.

The proposal therefore is to maintain the E-UTRA general SEM as the nominal requirement for Band 46.  Additional requirements, such as ETSI mask, can be signaled by NS.

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

The existing E-UTRA output power requirements for min power and off power can be reused for eLAA.  However, the output power dynamics requirements such as on/off time masks and power control may require further consideration pending discussion in RAN1 and RAN2.  The existing on/off time masks define a transient period of 20 us.  This is necessary to account for transient behavior in the radio associated with power, frequency, or other such changes related to discrete transitions in transmit allocations.  However, these transient periods may not be compatible with the timing and frame structure for eLAA, especially with regard to the timing requirement between clear channel assessment and transmission of data.  While shorter transient periods may be appropriate if RAN1 agrees on tighter Rx-Tx timing requirements, the capability and settling time requirements for the radio must also be taken into account.
2.6. Transmit modulation quality

The EVM requirement is currently defined for QPSK, 16QAM, and 64QAM modulations.  Moreover, uplink 256QAM is currently under evaluation [5] for both licensed and unlicensed spectrum meaning that it is also applicable to Band 46 eLAA.  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, as indicated in [2], power backoff in the form of MPR will be required in order to achieve the necessary EVM for the eLAA interlaced waveform.  In particular, the MPR for higher order modulations 64QAM and 256QAM is dominated by their respective EVM requirements.
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.

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

	256QAM
	%
	TBD
	TBD


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
	


In-band emission requirements may justify reconsideration for eLAA.  In particular, the general emission requirement references LCRB which is defined as the Transmission Bandwidth.  The transmission bandwidth for LTE is defined as the length of a contiguous resource block allocation.  Firstly, LCRB was originally defined in the Rel-8 specifications where the only allowed uplink waveforms were contiguously allocated in the frequency resource blocks.  Thus, LCRB was a convenient notation to indicate the width of the uplink transmission; i.e., the transmission bandwidth.  With the introduction of non-contiguously allocated waveforms, i.e., simultaneous PUSCH+PUCCH, the definition of LCRB and its applicability to in-band emissions was not updated.  Secondly, the general in-band emission specification allows for rolloff of the transmission in RB’s adjacent to and in near vicinity of allocated RB’s.  The slope of the rolloff is expressed as a function of RB and LCRB with the slope being more gradual for larger allocations and sharper for narrower allocations.  The slope should be adjusted to be defined relative to the width of the RB allocation for each interlace rather than based on the total number of LCRB allocated RB’s.
We propose the following for consideration.  

We define a new term, LCRB,n to denote the transmission bandwidth of the n’th cluster.  The transmission bandwidth of the n’th cluster is defined to be the number of allocated RB’s within the n’th cluster.  We then define LCRB,n to be the sum of all RB’s across all clusters in the waveform.
The first argument in the general equation then becomes
-25 – 10 ∙ log10(NRB / LCRB,n)






We further define RB,n as the starting frequency offset between the allocated RB in the n’th cluster and the measured non-allocated RB.  The second argument in the general equation becomes


10 ∙ log10 [10^{20 ∙ log10 EVM – 3 – 5 ∙ (|RB,n | – 1) / LCRB,n) /10} ]

which is a power summation of the in-band emission mask relative to all clusters.

The final argument in the equation does not require modification.
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 the Transmission Bandwidth Configuration (see Figure 5.6-1). 

NOTE 8:
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 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 in the nth cluster and the measured non-allocated RB (e.g. 
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NOTE 10:
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 is the transmitted power per 180 kHz in allocated RBs, measured in dBm.


3. Conclusion
The UE core Tx 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.  Discussed in this contribution are maximum output power, ACLR, spectrum emission mask, spurioius emissions, min power, off power, on/off time masks, EVM, carrier leakage, IQ image, and in-band emissions.  Of these, proposals have been made on some of the requirements, other requirements require further discussion, and yet others require further progress from other working groups.
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