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1. Introduction

A work item to define a new band at 3.5 GHz for operation in the US was agreed [1] following the finalization of rules by the FCC [2].  As previously studied, A-MPR is required in order for the UE to be able to meet the emission requirements set forth in the FCC rules.  This contribution is an update to [3] and includes a TP for the TR.

2. Discussion

In a review of the technical rules given in the FCC’s Report and Order with respect to an “End User Device” (analogous to a UE), it was identified that a new spectrum emission mask and additional spurious emission requirements would need to be added in 3GPP specifications.  In order to be able to comply with these emission requirements, the UE would need to be allowed A-MPR.  
We conduct a simulation and measurement study to determine the A-MPR required.  Previously, it had been reported that for wider channels, 20 MHz having been previously studied, the necessary A-MPR was found to be up to 3 dB.  This was dominated by the SEM indicating that the A-MPR is required for all channels including those not only on the band edge but also in the middle of the band.  Since then, the PA has been updated by the manufacturer to provide a design that is much closer to commercialization.  The updated result is reported here and it is found that the A-MPR required is up to 4 dB to meet SEM.  Details as well as a proposal for an A-MPR table can be found in the TP attached below.
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7.1 
UE specific


7.1.1
Transmitter characteristics
<<< Unchanged sections omitted >>>
7.1.1.7
A-MPR
7.1.1.7.1

Study assumptions (Company 1)
We analyze the A-MPR required assuming that the SEM and additional spurious emission requirements will be conditioned on NS signaling.  To conduct the analysis, the following parameters and assumptions were used

1. A 3.5 GHz PA was modeled/measured.  This PA is capable of supporting the entire range 3400 – 3800 MHz.  Compared to the previous study, the PA has been updated.  Unfortunately, the updated PA requires slightly more A-MPR than previously reported, but is more reflective of the actual PA to be commercialized for this application.

2. No filter attenuation is assumed since a multi-layer ceramic filter used in 3.5 GHz applications will not be able to provide any attenuation at the offsets required here.  It is assumed that to enable harmonization and to minimize fragmentation of the 3.5 GHz ecosystem, a common RF front-end will be used for all 3.5 GHz TDD bands worldwide.  In any event, it will be shown below that even if a filter were to be assumed, it would not help in meeting the SEM requirement.

3. -25 dBm/MHz LO and IQ image rejection

4. -60 dB counter-IM3 rejection
7.1.1.7.2

Study results (Company 1)

Simulations and lab measurements were conducted with an updated 3.5 GHz PA to evaluate the necessary A-MPR to meet both the SEM and the spurious emission requirement.  No A-MPR was found to be required for 5 and 10 MHz channels.  However, while it was previously reported that up to 3 dB A-MPR is required for 20 MHz channels and 15 MHz channels had not been studied, a more comprehensive study with updated an PA reveals that the previous result was overly optimistic.  In fact, as shown below, for 15 and 20 MHz channels, A-MPR of up to 4 dB is required for some allocations.

Simulation results are shown below.
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Figure 7.1.1.7.2-1.  A-MPR simulation results, 15 MHz
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Figure 7.1.1.7.2-2.  A-MPR simulation results, 20 MHz
Measurement results to confirm simulation results are included in the table below.

Table 7.1.1.7.2-1.  Summary of A-MPR measurements and simulation results

	Channel BW (MHz)
	Fc (MHz)
	RBstart
	L_CRB
	MPR
	A-MPR

	
	
	
	
	
	Simulation
	Measurement Part 1
	Measurement Part 2

	15
	3557.5
	0
	1
	0
	3.5
	3.6
	3.3

	
	
	5
	1
	0
	1
	0.0
	0.1

	
	
	6
	1
	0
	0.5
	0.4
	0.4

	
	
	7
	1
	0.
	0
	0.5
	0.2

	
	
	70
	1
	0
	3
	2.8
	2.2

	
	
	71
	1
	0
	3
	2.8
	2.2

	
	
	0
	6
	0
	2
	2.7
	2.2

	
	
	64
	9
	0
	1
	0.5
	0.3

	
	
	0
	10
	0
	2
	2.0
	2.2

	
	
	0
	12
	0
	1
	1.3
	1.6

	
	
	63
	12
	0
	1
	0.6
	0.4

	
	
	0
	60
	1
	0
	0.3
	0.0

	
	
	0
	64
	1
	1
	0.9
	0.8

	
	
	11
	64
	1
	0.5
	0.0
	0.0

	
	
	0
	72
	1
	1
	1.5
	1.3

	
	
	0
	75
	1
	1
	1.5
	1.5

	20
	3560
	0
	1
	0
	3.5
	3.5
	3.4

	
	
	12
	1
	0
	3
	3.5
	3.3

	
	
	13
	1
	0
	0.5
	0
	0.3

	
	
	15
	1
	0
	0.5
	0.1
	0.4

	
	
	16
	1
	0
	0
	0.0
	0.4

	
	
	86
	1
	0
	0
	0.0
	0.0

	
	
	87
	1
	0
	3.5
	2.7
	2.6

	
	
	99
	1
	0
	3.5
	2.8
	2.3

	
	
	0
	4
	0
	2.5
	3.0
	3.2

	
	
	10
	9
	0
	1
	1.5
	1.7

	
	
	0
	10
	0
	1.5
	2.1
	2.4

	
	
	80
	10
	0
	0.5
	0.7
	0.6

	
	
	90
	10
	0
	1.5
	1.5
	1.4

	
	
	0
	18
	0
	1
	1.7
	2.0

	
	
	76
	18
	0
	0.5
	0.5
	0.5

	
	
	82
	18
	0
	1
	0.9
	0.9

	
	
	0
	20
	1
	0
	0.6
	0.9

	
	
	0
	60
	1
	0
	0.5
	0.0

	
	
	0
	64
	1
	1
	1.2
	1.0

	
	
	0
	72
	1
	1
	1.3
	1.5

	
	
	28
	72
	1
	1
	0.3
	0.3

	
	
	20
	80
	1
	1
	0.9
	0.9

	
	
	0
	90
	1
	2.5
	2.0
	1.9

	
	
	10
	90
	1
	1.5
	1.3
	1.4

	
	
	0
	100
	1
	3
	2.8
	2.7


The results provided in the simulations and measurements above include both SEM and spurious emission requirements.  It was found that the -25 dBm/MHz for SEM was dominant, especially for narrowband allocations.  Moreover, since SEM requirements are defined relative to channel boundaries, the A-MPR needed to meet the emission mask is required of all channels throughout the band, rather than limited to only band edge channels.  Equally important, since the SEM requirements must be met within the band, an RF filter is not able to provide any relief.  

We compare the results presented above with other similar requirements.  We first observe the similarity in SEM requirements proposed for this band compared to those defined by NS_06 for US 700 MHz bands where no A-MPR is allowed.  However, NS_06 is only defined for bandwidths up to 10 MHz.  Therefore, it can be anticipated that A-MPR for up to 10 MHz channels in this 3.5 GHz band would similarly not require A-MPR assuming that the PA models at 3.5 GHz do not deviate signficantly compared to those at 700 MHz when constrained by ACLR and other general requirements.  Simulation results confirm these expectations.  For 10 MHz channels, no A-MPR was needed to meet the SEM requirement.  However, since the SEM requirement for US 3.5 GHz does not scale with bandwidth, it was found that there is a need for A-MPR with larger bandwidths.  

Specifically, the results illustrated above below show that up to 4 dB of A-MPR is needed to meet SEM and spurious emissions.  The allocations needing the largest A-MPR are small allocations located at the edge of the channel due to IMD products exceeding the -25 dBm/MHz limit at 10 MHz offset from the channel edge.  We note that this could have been avoided if the SEM mask were to scale with bandwidth such that the -25 dBm/MHz boundary is located at an offset equal to the channel bandwidth.  However with the existing SEM limit for channels larger than 10 MHz, the required backoff can have a significant impact to reliability of PUCCH channels, thereby suggesting that over-provisioning of the PUCCH resource may be needed for 15 and 20 MHz carriers.  A similar requirement can be observed for Band 28 with NS_18.  In that case, the requirement is -26.2 dBm/6 MHz at an offset of 5 MHz away from the channel edge.  The challenge is similar to the requirement here of -25 dBm/MHz at 10 MHz away from the channel edge for narrow-band allocations located at the band edge.  For NS_18, the maximum A-MPR allowed is 4 dB, which is consistent with the findings and proposal for this band.

7.1.1.7.3

Possible A-MPR table (Company 1)

An A-MPR table for consideration is provided below, applicable for QPSK and 16QAM.

Table 7.1.1.7.3-1.  Possible A-MPR table based on simulation and measurement

	CBW
	RBstart
	RBend
	L_CRB
	A-MPR

	5
	–
	–
	–
	0 dB

	10
	–
	–
	–
	0 dB

	15
	0 – 6
	–
	≤ 15
	≤ 4 dB

	
	–
	68 – 74
	
	

	
	–
	–
	≥ 60
	≤ 1.5 dB

	20
	0 – 12
	–
	≤ 20
	≤ 4 dB

	
	–
	87 – 99
	
	

	
	13 – 15
	–
	≤ 3
	≤ 1 dB

	
	–
	84 – 86
	
	

	
	–
	–
	≥ 60 and < 80
	≤ 1.5 dB

	
	–
	–
	≥ 80
	≤ 3 dB
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