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Introduction
Stable MPR and A-MPR values for FR2 UEs were achieved in TS38.101-2 just as rel. 15 ended. We have since noticed an inconsistency in the A-MPR specification for PC1. This inconsistency shows up as insufficient allowance for PA back-off when NS_201 is signalled.
Discussion
FR2 devices are designed to work across multiple bands that are far removed from each other. It is well understood that practical FR2 UE implementations do not have meaningful front-end filtering to help suppress spurious products that are in the vicinity of the intended UL signal. A consequence of this arrangement is that spurious product levels do not change significantly with frequency distance from intended signal, as would be the expectation in LTE or FR1 bands, for example. It follows that spurious suppression capability derived from the general requirements is all that a UE can count on, even for bands with special restrictive requirements. Compliance with additional emissions requirements in a band with special restrictions (NS_201 for example) must be achieved entirely through PA back off. We compare existing AMPR in the standard to back-off requirements using the spurious suppression consideration outlined above.
To understand the motivation for PA back-off to meet specific emission requirements, it is useful to discuss the general mechanisms that create spurious products and their order of dependency of spurious products on intended UL signal:
· Spurious products generated prior to gain control stage
· First order dependency: Their power varies dB for dB with UL power
· PA nonlinearity not a significant factor, PA merely amplifies these products 
· PA non-linearity
· creates mixing products between Tx image, any LO leakage and the allocated UL signal itself
· Their powers have higher order dependence on UL power.
From an emissions perspective, first order spurs remain the most challenging because they require the most PA back-off to meet a given maximum limit. Higher order products show improved suppression with increasing PA back-off. Existing AMPR for NS201 was based on a thorough treatment of higher order products [1] [2]. We now investigate if the UE’s MPR is sufficient to prevent it from launching non-compliant levels of first order spur products. A first order spur is of the form:
Spur_freq = RF +/-m*LO1 +/-n*LO2+/-p*LO3…., 
Where:
· LOx are CW components originating from various clocks and mixer shifting frequencies
· l, m, p… are integers
All FR2 devices are subject to the same emissions requirements, but the differing TRP limits amongst the power classes imply different spur suppression requirements. Since the emission limits are by TRP, our analysis can cover power classes clumped together by TRP limit.
Single CC AMPR
PC1
Section 6.2.1.1 of TS38.101-2 specifies that PC1 devices must not exceed 35dBm TRP, as excerpted below 
Table 6.2.1.1-2: UE maximum output power limits for power class 1
	Operating band
	Max TRP (dBm)
	Max EIRP (dBm)

	n257
	35
	55

	n258
	35
	55

	n260
	35
	55

	n261
	35
	55



By virtue of compliance with the existing general requirements spur limit (-13dBm/MHz), PC1 devices have a certain inherent spur suppression ability. This spur suppression ability can be calculated by considering the highest PSD waveform in relation to the spec limit. Section 6.2.2.1 specifies PC1 MPR, and it informs that waveforms can have 0dB MPR if their minimum allocation size is 11.52MHz, among other requirements. In this condition, the maximum allowable PSD of an UL signal would be:
PC1 Max PSD = 35-10log10(11.52) = 24.4dBm/MHz
Note that PSD in this condition is higher than either the single RB case, which is subject to 14dB MPR, or the 3RB case which gets reduced MPR (10dB) but has 3.3dB of further reduction due to spreading.
Consequently, the inherent first order spurious product suppression capability for PC1 devices at 35dBm TRP dictated by rel.15 requirements can be computed as:
PC1 Min spur suppression = 24.4dBm/MHz-(-13)dBm/MHz = 37.4dBc 
In the general case, where there is no filtering help with suppression of spurious products, the TRP level of any first order spur product when the UE is transmitting at MPR0 would be:
PC1 Max. spur (TRP) level: 35.0 dBm – (37.4dBc) = -2.4dBm
For NS201, the upper limit is -8dBm/200MHz, which suggests FR2 PC1 devices need to be backed off from MPR0 to remain compliant. The analysis above shows that max. limit for spurious emissions can be exceeded by:
 (-2.6dBm) - (-8.0dBm) = 5.6dB if the UE operates with no back-off.
Note that measurement BW associated with NS201 is large. The measurement BW of NS201 can conceivably accommodate multiple mechanisms, while the measurement bandwidth of the general requirement (1MHz) does not. The 5.6dB margin of failure is true for a single first order product that falls inside a measurement bandwidth. The margin of failure increases by 3dB for a second spur product that falls inside the same measurement bandwidth (overlapping spurs), a further 1.8dB for a third, etc. We believe the probability diminishes significantly of having 3 or more overlapping spurs. For a general treatment, 2 overlapping first order spurs is sufficiently general. Under this condition, the estimated margin of failure without any back-off is 5.6+3.0 = 8.6dB                   
Observation 1: For an FR2 PC1 UE, spurious products can exceed the NS201 max. limit by 8.6dB if the UE transmits at MPR0 (TRP=35.0dBm)
Given the first order dependency of the spurious products on the desired UL signal, the PA requires ~9dB of back-off to meet the NS201 requirement. 
Observation 2: FR2 PC1 rel. 15 UEs need to be backed off at least 9dB to become emissions compliant per NS201
The A-MPR section for PC1 is excerpted below from v15.6 and reproduced in figure 2.1-0. It was derived using non-linear distortion considerations in the PA. It shows much smaller A-MPRs that are inconsistent with the spur suppression capability derived from the general requirements (9dB). 
[image: ]
Figure 2.1-1: PC1 AMPR for NS201
Since the table entries, which have been derived by considering PA non-linearity alone [1][2], are all less than the value required to accommodate first order spurs (9dB, from observation 2), the table can be simplified to a single value.
Proposal 1: NS201 A-MPR for PC1 FR2 UEs shall be 9dB in rel. 15
PC2/3/4
A similar treatment can be performed for PC2/3/4. Section 6.2.1.2/3/4 of TS38.101-2 specifies that PC2/3/4 must not exceed 23dBm TRP, table excerpted below: 
Table 6.2.1.3-2: UE maximum output power limits for power class 3
	[bookmark: _Hlk515357814]Operating band
	Max TRP (dBm)
	Max EIRP (dBm)

	n257
	23
	43

	n258
	23
	43

	n260
	23
	43

	n261
	23
	43



The inherent spur suppression ability of PC2/3/4 UEs can be calculated as below. Section 6.2.2.2/3/4 specifies PC2/3/4 MPR, and it informs that even 1RB waveforms can have 0dB MPR. For 60k SCS, a single RB is less than the measurement BW, so there is no spreading help on offer. In this condition, the maximum allowable PSD of an UL signal would be:
PC2/3/4 Max PSD = 23dBm/MHz
Consequently, the inherent first order spurious product suppression capability for PC2/3/4 devices at 23dBm TRP dictated by rel.15 requirements can be computed as:
PC2/3/4 Min spur suppression = 23.0dBm/MHz-(-13.0)dBm/MHz = 36.0dBc
In the general case, where there is no filtering help with suppression of spurious products, the TRP level of any first order spur product when the UE is transmitting at MPR0 would be:
PC2/3/4 Max. spur (TRP) level: 23.0 dBm – (36dBc) = -13.0dBm
Even with 2 overlapping first order spurs, the estimated power in spurious products is expected to be -10dBm. For NS201, the upper limit is -8dBm/200MHz, which suggests FR2 PC2/3/4 devices need not be backed off from MPR0 to remain compliant. The existing AMPR for PC2/3/4 is reproduced below:
[image: ]
Predicted performance derived from compliance with general spurious emissions does not mandate more AMPR than what is currently in the standard. Unlike in PC1, there is no inconsistency between the general requirements and the A-MPR for PC2/3/4
Observation 3: A-MPR for FR2 PC2/3/4 rel. 15 UEs can be left unchanged.
CA AMPR
PC1
The standard provides for PC1, AMPR ‘AMPRC_CA’ for contiguous allocations, and a modifying rule for determining AMPR ‘CA AMPR’ for non-contiguous RB allocations:
CA AMPR = max(AMPRC_CA, -10*A +9.0) , Offset Frequency ≤ 550 MHz
The rule was derived based on non-linear considerations of the PA, i.e back off required to keep intermodulation products out of the protected band. Figure 2.2.1-1 is a graphical representation of the AMPR limit for non-contiguous allocations (orange).
Allocation Ratio ‘A’
CA AMPR
AMPRC_CA
-10*A+9.0
9.0
AMPR due to PA non-linearities
AMPR due to first order spurs
-10*A+12.0
12.0
Proposed AMPR due to both mechanisms 

Figure 2.2.1-1: CA AMPR for PC1 
Also included in the figure is the back off required for first order spurious products (green), as discussed in earlier sections. Now, these mechanisms are independent, but the products born from the two different mechanisms can find themselves in the same measurement bandwidth. It follows that the allowable total back off must be summed. A proposal is shown in red
Proposal 2: PC1 CA AMPR shall be MAX(9.0, -10*A+12.0)
PC2/3/4
Unlike the PC1 case, the existing CA AMPR allows more back off than the AMPR for PC2/3/4. Recall that PC2/3/4 devices need no AMPR to be compliant with NS_201 requirements. In fact, PC2/3/4 was determined to have margin even for operation at 0dB MPR. We can conclude that the spurious emission consideration of this paper does not reveal inconsistency in definition of CA-AMPR for PC2/3/4
Observation 4: CA A-MPR for FR2 PC2/3/4 rel. 15 UEs can be left unchanged.
Conclusion
FR2 UEs do not have meaningful filtering after to protect against spurious emissions. It follows that spurious suppression capability derived from the general requirements is all that a UE can count on, even for bands with special restrictive requirements. Compliance with additional emissions requirements in a band with special restrictions (NS_201 for example) must be achieved entirely through PA back off. We found that the current requirements for PC1 UEs however demand far greater spur suppression capability for NS201 than for meeting general requirements. To eliminate this inconsistency, we analysed the system for a general case and proposed an amendment to the A-MPR for NS201 for PC1:
[bookmark: _Hlk16426659]Proposal 1: NS201 A-MPR for PC1 FR2 UEs shall be 9dB in rel. 15.
We analysed CA AMPR and found that PC1 CA AMPR must also be amended for consistency
Proposal 2: PC1 CA AMPR shall be MAX(9.0, -10*A+12.0)
We found that definition of AMPRs for PC2/3/4 are consistent with the requirements for general spurious, and hence, are not impacted. The proposed changes are captured in a companion CR [2]
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6.2.3.2.1 A-MPR for NS_201 for power class 1
Table 6.2.3.2.1-1: AMPR for NS_201 for power class 1

Channel Bandwidth, MHz
Offset Frequency 50, 100, 200 400
Outer Outer Inner
0 MHz 30 50 35
> 100 MHz, < 300 MHz 15 25 35
> 300 MHz 0 [ [

NOTE 1 The Offset frequency is defined s the frequency from the lower
band edge to the lower channel edge.

NOTE 2: The back off applied is the max(MPR, AMPR), where the MPR
is defined in Table 6.2.2.1-1

NOTE 3:_Any undefined region, MPR applies.
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6.2.3.2.3

A-MPR for NS_201 for power class 3

Table 6.2.3.2.3-1: AMPR for

NS_201 for power class 3

Channel Bandwidth, MHz

Offset Frequency 400
Outer RB allocations
0 MHz <15
> 100 MHz, < 300 MHz 0
> 300 MHz 0

NOTE 1. The Offset frequency is defined as the frequency from the lower band

edge to the lower channel edge.

NOTE 2: The back off applied is the max(MPR, AMPR), where the MPR is defined

in Table 6.2.2.3-1

NOTE 3. Any undefined region, MPR applies





