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1. Introduction

For eLAA, MPR and A-MPR require evaluation since the uplink waveform is an interlaced waveform and there are a number of regional spurious emission and power spectral density requirements.  This contribution provides proposals for MPR and A-MPR based on simulation.
2. Discussion
2.1. MPR

MPR is used to meet general requirements.  For the case of eLAA, the general requirements include the following

ACLR.  E-UTRA ACLR of 30 dB.  UTRA ACLR is not applicable.
SEM:  General E-UTRA SEM
Spurious emissions:  -30 dBm/MHz

EVM:  QPSK 17.5%, 16QAM 12.5%, 64QAM 8%
In-band emissions: According to [3]
With these requirements using an LTE PA model with a reference of 1 dB MPR for the fully allocated E-UTRA waveform and a maximum output power of 23 dBm, the MPR for the eLAA uplink waveform was found to tentatively be 2.5 – 3 dB for QPSK, 3 dB for 16QAM, and 4 dB for 64QAM as the merger and compromise of inputs from multiple companies [1].  These MPR values are for partial allocation only and were observed to be approximately 0.5 dB lower than those proposed by Qualcomm in [2] as most other companies estimated lower MPR values.  In further studying the values proposed in [2], it was found that the discrepancy comes from the difference between measurements and simulation.  The simulated MPR values were reasonably well aligned with those from the majority of other companies; however, when measurements were taken, the outcome was more pessimistic.  One possibility for this observation is that the simulations have been developed over time with more simplistic waveform models used for UMTS and LTE.  However, with more challenging waveforms such as the interlaced waveforms with much stronger IM components and larger bandwidths, the simulations may not be as accurate, may not properly account for what may have been minor effects previously that are more significant with these new waveforms.  Of course, another possibility is that the measured results were from a PA that is not well suited for interlaced waveforms (this is also true of the models used in the simulations).  Unfortunately, the measured data is too sparse to determine whether the simulation models need adjustment or whether the expected performance is still well predicted by the existing simulation models.  

Throughout the remainder of this document, it is assumed that MPR is 3 dB, 3 dB, and 4 dB for QPSK, 16QAM, and 64QAM for anything less than full allocation.  For full allocation, the MPR is consistent with E-UTRA MPR for full allocation; i.e., 1 dB, 2, dB, and 3 dB for QPSK, 16QAM, and 64QAM, respectively.  It is further assumed that A-MPR, where defined, will be additive to this baseline MPR.  As a consequence, the A-MPR will be larger for full allocation than for partial allocation since the total backoff as the sum of MPR and A-MPR is often observed to be independent of allocation.
Table 1.  MPR for eLAA in 5 GHz

	Modulation
	MPR [dB]

	
	NRB_alloc < 100
	NRB_alloc  = 100

	QPSK
	3
	1

	16QAM
	3
	2

	64QAM
	4
	3

	256QAM
	FFS
	FFS


2.2. A-MPR

A-MPR is defined in conjunction with NS signaling and additional requirements applicable to deployments in particular countries or regions.  These additional requirements are above and beyond the general requirements described above for MPR.  So far, three NS values for signaling have been identified [1] for Europe, Japan, and US.  Simulations were conducted to evaluate the necessary A-MPR to meet the various emission requirements associated with the NS values.  Simulations were only conducted for 20 MHz channels in channels adjacent to protected frequency bands and for channels in steps of 20 MHz away from the protected band edge.  As such, the boundaries defined in the A-MPR tables below do not necessarily align to channelization as defined in the basestation specification in 36.104.  It was agreed not to introduce any discretization of channels larger than the 100 kHz raster in the UE specification for greatest generality in channel assignment.  
2.2.1. Europe

For deployment in 5 GHz in Europe, A-MPR is computed to enable the eLAA UE to comply with the spectrum emission mask defined in the ETSI harmonized standard [4], spurious emission requirements, notably an emission requirement of -30 dBm/MHz at the band edge, and a PSD restriction of 10 dBm/MHz.  It was found that for those channels at least 20 MHz away from the band edge, the necessary A-MPR is 2 dB for both QPSK and 16QAM.   64QAM was not specifically evaluated, but it is expected that 2 dB should also suffice based on initial assessment.  The A-MPR could be reduced to 1 dB for waveforms with allocation greater than 80% for the specifically allowed eLAA waveforms indexed by RIV in 36.213 for uplink resource allocation type 3.  However, for 20 MHz channels located at the boundary immediately adjacent to a frequency range where -30 dBm/MHz emissions must be met, the A-MPR required is 7.5 dB for all modulations and for all RB allocations.  This is conditioned on the MPR assumed above.
Table 2.  A-MPR for eLAA channels in Europe over 5150 – 5350 MHz and 5470 – 5725 MHz.

	Center frequency of 20 MHz channel [MHz]
	A-MPR (QPSK, 16QAM, 64QAM) [dB]
	Comment

	
	NRB_alloc < 80
	80 ≤ NRB_alloc < 100
	NRB_alloc = 100
	

	5160 – 5179.9
	7.5
	7.5
	7.5
	Adjacent to -30 dBm/MHz protection band

	5180 – 5320
	2
	1
	1.5
	Middle channels.  Limited by 10 dBm/MHz

	5320.1 - 5340
	7.5
	7.5
	7.5
	Adjacent to -30 dBm/MHz protection band

	5480 – 5499.9
	7.5
	7.5
	7.5
	Adjacent to -30 dBm/MHz protection band

	5500 – 5695
	2
	1
	1.5
	Middle channels.  Limited by 10 dBm/MHz

	5695.1 - 5715
	7.5
	7.5
	7.5
	Adjacent to -30 dBm/MHz protection band


2.2.2. Japan

In addition to requirements on spectrum emission mask, spurious emissions and 10 dBm/MHz PSD, the regional requirements for Japan also include a requirement on ACLR2 of 40 dB and occupied bandwidth less than 18 or 19 MHz for a 20 MHz channel.  Moreover, it is unclear whether the emissions and PSD requirements are measured under max hold conditions, rather than RMS on a spectrum analyzer.  In simulations, ACLR2 was not found to be a limiting requirement.  Instead, the emission requirements and PSD were found to be dominant in computing the A-MPR, especially as these two are potentially required to be met with max hold.  The approach followed in this study to deriving the A-MPR requirement was to simulate the amount of power backoff needed with RMS detection since this is how the simulator is designed and allows for verification against other scenarios.  The final A-MPR must then be adjusted for max hold, if found to be required, by separately adding an offset to the value derived from RMS detection.  
Simulations under RMS detection show that A-MPR of 2 dB is required for both QPSK and 16QAM to meet PSD and emission requirements.  However, an additional offset to the A-MPR must be applied for account for max hold detection if it is found to be required.  This offset is FFS and may potentially be eliminated if it is found that max hold is not required for emissions and PSD.
Table 3.  A-MPR for eLAA channels in Japan over 5150 – 5350 MHz
	Center frequency of 20 MHz channel [MHz]
	A-MPR (QPSK, 16QAM, 64QAM) [dB]
	Comment

	
	NRB_alloc < 80
	80 ≤ NRB_alloc < 100
	NRB_alloc = 100
	

	5160 - 5340
	2+
	1+
	2+
	 is to account for max hold.   is FFS.


2.2.3. US

For the US, the most stringent requirements are the spurious emission requirements since for edge channels adjacent to protected frequency ranges no guard band is available.  The PSD requirement for UNII-1 and UNII-2 bands is less stringent at 11 dBm/MHz than is required in Europe and Japan and the PSD requirement for UNII-3 bands at 30 dBm/500 kHz is not limiting for a class 3 UE.  In the simulation study, adjacent channels are evaluated as well as the alternate adjacent and middle channels.  Only 20 MHz channels have been studied.  As expected, the channels immediately adjacent to protected frequency ranges require the highest A-MPR, up to 15 dB.  Furthermore, it was found that the alternate adjacent channel still requires modest power backoff to meet -41 dBm/MHz emission requirements.  Channels in the middle, separated by at least two channels from the protected band, were found to be restricted only by the PSD requirement in UNII-1 and UNII-2 bands.  For the US requirements, the A-MPR was largely constant across all allocation sizes.
For UNII-3 bands, the PSD requirement is not restrictive and it has been proposed [5] that A-MPR is not required for class 3 output power levels.  In this case, the output power is then restricted only by MPR.  However, we note that the MPR is itself governed by the ACLR and general SEM requirements, neither of which are required by regulations for the UNII-3 band in the US.  Therefore, for the objective of compliance with the regulatory specifications, it is in theory possible to transmit at higher power than proposed by 3GPP.  To enable transmitting at higher power in 3GPP specifications, RAN4 could consider relaxing of SEM and ACLR within the UNII-3 band in the US since one of the attractive features of the UNII-3 band is the ability to transmit at higher powers, for example, for better outdoor coverage.  This could be considered as a separate follow-on study aside from the general MPR and A-MPR presented here.
Table 4.  A-MPR for eLAA channels in US over 5150 – 5250 MHz, 5250 – 5350 MHz, 5470 – 5725 MHz, and 5725 – 5850 MHz.

	Center frequency of 20 MHz channel [MHz]
	A-MPR (QPSK, 16QAM, 64QAM) [dB]
	Comment

	
	NRB_alloc < 80
	80 ≤ NRB_alloc < 100
	NRB_alloc = 100
	

	5160 – 5179.9
	15
	15
	15
	UNII-1, adjacent to -41 dBm/MHz protection band

	5180 – 5199.9
	3.5
	3.5
	3.5
	UNII-1, alternate adjacent to -41 dBm/MHz

	5200 – 5300
	1
	1
	0
	UNII-1, UNII-2, middle channels subject to 11 dBm/MHz

	5300.1 - 5320
	3.5
	3.5
	3.5
	UNII-2, alternate adjacent to -41 dBm/MHz

	5320.1 - 5340
	15
	15
	15
	UNII-2, adjacent to -41 dBm/MHz

	5480 – 5499.9
	10
	10
	10
	UNII-2, adjacent to -27 dBm/MHz, 10 MHz guard to -41 dBm/MHz

	5500 - 5695
	1
	1
	0
	UNII-2, middle channels

	5695.1 - 5715
	5.5
	5.5
	5.5
	UNII-2, adjacent to -27 dBm/MHz, not in proximity to -41 dBm/MHz

	5735 – 5840
	[0]
	[0]
	[0]
	UNII-3.  Limited by MPR for SEM and ACLR.


3. Conclusion

MPR and A-MPR have been evaluated and discussed in this contribution.  Based on simulations, A-MPR has been proposed in conjunction with the MPR previously agreed.  The A-MPR is proposed to be constant across modulation (256QAM will likely require a separate value) as a simplification.  The A-MPR is also tabulated as a function of allocation.  In many cases, the A-MPR is smaller for larger allocations, however, the difference is often small.  Therefore, it may be worthwhile revisiting the format of the specification to list a single A-MPR value for all allocations rather than dividing into multiple allocation ratio regions.  For the A-MPR requirements in Japan, the values are still FFS since the usage of max-hold is uncertain as a requirement in Japanese regulations and the impact on A-MPR has not yet been evaluated. 
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