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Introduction
In this contribution we develop our proposal for CA MPR for the FR2+FR2 inter-band ULCA case, based on OTA measured data of RIM3 products. We also propose delta(TIB) values in keeping with a previous WF[4].
Discussion
delta(TIB_peak)
Under the assumption ‘The total power concept is not applied for power classes such as PC1/2/5’ [4], we focus on whether MPE related issues or whether thermal constraints in the requirement test condition could contribute to the eventual value of delta(TIB_peak). 
For this feature, the configured power requirement was tentatively agreed as per-band [5]. The per-band P-MPR represents an existing bucket that can absorb any MPE-related back-off a UE autonomously takes per-band during field operation. To prevent double-counting of MPE-motivated backoff in the relaxation framework, delta(TIB_peak) should remain free of any MPE related contributions.
In the context of UE power consumption, we also analyzed the compliance test condition where P-MPR is assumed to be zero [3]. We found that intra-band DLCA, a legacy feature, and inter-band ULCA operation have similar power consumption. This condition is primarily due to UL duty cycle being much lower for UL tests compared to DL tests (10% vs 20%). We therefore concluded that this feature is not uniquely challenging during compliance test conditions and so, does not need a separate power-consumption related contribution to delta(TIB_peak).
In conclusion, we have not identified a physical mechanism that justifies further relaxation from the single band peak EIRP requirement. The system is already UL limited, so any further relaxation has to be well justified as a key enabler of the feature, rather than as something that is ‘nice to have’ for the UE. 
Proposal 1: For PC1/2/5, delta(TIB_peak) = MBR or 0 if MBR is not defined for that power class
delta(TIB_spherical)
The procedure for deriving delta(TIB_spherical)  was previously established [1] as the sum of the peak relaxation ‘delta(TIB_peak)’ and ‘R_overlap’. R_overlap absorbs the impact of imperfect overlap in antenna coverage regions of the 2 bands and can be considered common to UL and DL. In [3], we derived the value of R_overlap for PC5. PC1 is closely related to PC5 in having a single array responsible for covering 15% of the sphere, so we believe PC1 and PC5 would share the same R_overlap value.
Proposal 2: R_overlap for PC1/5 is:
	R_overlap
	PC2 (dB)
	PC1, PC5 (dB)

	n257+n259
	TBD
	0.5

	n260+n261
	TBD
	0.5


Table 2.2: R_overlap 
CA MPR discussion
In a previous WF [1], it was agreed that CA MPR in each band of an ULCA band combination is max { MPRPA-PA, MPRwaveform&modulation&BW&etc }. Subjectively, this means that when a UE is transmitting in two bands, and the single-band MPRs in each band do not suffice to also suppress OOB spurious products due to PA-PA interaction, an alternative minimum MPR, ‘MPRPA-PA’ is available to the UE. MPRPA-PA would not be applicable if transmission is limited to one band.
There are multiple emissions requirements that apply to OOB products [5], so MPRPA-PA would naturally take the form MAX(MPR1, MPR2,… MPRn), where MPRn is the component of MPR due to independent mechanism ‘n’ that motivates PA power back-off.  Table 2.3-1 lists the mechanisms that apply for the band combinations being considered.
	Band Combination
	Mechanism 1
(General Spurious)
	Mechanism 2
(Co-existence)

	n260 + n261
	Table 6.5.3-2 in TS 38.101-2 (see below)
	IM3H lands in n262, -5 dBm / 100 MHz limit

	n257 + n259
	
	IM3H lands in 57-66 GHz, +2 dBm / 100 MHz limit


Table 2.3-1: Mechanisms that motivate MPRPA-PA, by band combination
CA MPR mechanism 1(motivation for MPR1)
The general spurious requirements for a UE are reproduced below from 38.101-2:
[image: Table

Description automatically generated]
In most situations, RIM3 products will fall in the region where the -13 dBm/MHz limit applies. There are cases (example: n257+n259) however where RIM3L can fall in the region where the -30 dBm/MHz limit applies. Based on our studies for practical implementation, the front-end performance roll-off at sub-FR2-1 frequencies and the frequency separation between the low edge of n258 and 12.75 GHz mean that the UE’s compliance with the -30 dBm/MHz limit is not a challenge. The ‘general spurious’ requirement is henceforth simplified to a -13 dBm/MHz limit.
The procedure used to determine back-off requirements for UE compliance with the -13 dBm/MHz requirement is included in the Annex, section 5. The projected back-off requirement, and the basis for the MPR proposal for this mechanism is summarized below from the Annex:
	
	MPR1 (dB)

	Band Combination
	UEs with TRP = 35 dBm per band, PC1
	UEs with TRP = 23 dBm, PC 2/3/4/5/6

	n260 + n261, n257 + n259
	Max(0, 10 - 10*log10(Max(1.0, LRB,min *12*SCS/1e6))) 
	Max(0, 6 - 10*log10(Max(1.0, LRB,min *12*SCS/1e6))) 

	LRB,min = Min (LRB,nx , LRB,ny ), where LRB,nx is the number of non-zero power UL RBs in band ‘nx’ of the ULCA combination



The expression for MPR due to mechanism 1 can be deconstructed as:
This term reduces MPR as PSD reduces due to increased allocated RBs (spreading term)
This operator accommodates the case where 1 RB < measurement BW (60 kHz SCS)
This parameter is the MPR for the 1RB+1RB case
Lower bound to 0


CA MPR mechanism 2 (motivation for MPR2)
The procedure used to determine back-off requirements for the UE for mechanism 2, i.e. co-existence considerations, is detailed in the annex. The summary is below. Power classes and band combinations in shaded cells are either out of scope or have some dependency on completion of the combinations in the non-shaded cells for Rel-17 for this feature [4]. They are included in the discussion for completeness.
	
	MPR2 (dB) = 0, unless condition is satisfied

	Band Combination
	UEs with TRP = 35 dBm per band, PC1
	UEs with TRP = 23 dBm per band, PC 2/3/4/5/6
	Condition for non-zero MPR2

	n257 + n259
	4.0
	0.0
	2*fn259 - fn257 >= 57.0 GHz

	n260 + n261
	6.0
	2.0
	47.2 GHz <= 2*fn260 - fn261 <= 48.2 GHz



CA MPR summary
CA MPR was previously agreed [1] as
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As reasoned above, when multiple separate mechanisms can cause emissions non-compliance, MPRPA-PA itself should take the form Max(MPR1, MPR2….). 
Proposal 3: MPRPA-PA = Max (MPR1, MPR2) dB, where MPR1 and MPR2 are defined in sections 2.3.2 and 2.3.1 respectively. 
Further, since CA MPR is required to suppress OOB products, it would only apply if both bands were transmitting at the same time. 
Proposal 4: CA MPR only applies if the UE is scheduled with non-zero power RBs in both UL bands
Configured power for inter-band ULCA
The configured power requirements are tentatively defined as per band [5]. In [4] it was also agreed that this feature would be limited in the near term to n257+n259 and n260+n261. In practical UEs, these band pairs are supported by dedicated hardware for each band, and no power sharing is foreseen as necessary for UE operation. Additional constructs like per band ‘attenuation factor’ to prevent Scell dropping are not necessary, due to lack of power-sharing across bands. Finally, a per UE PCMAX is automatically defined by the agreement as a sum in some sense of per-band PCMAX values. We therefore believe that the ‘tentative’ qualifier can be removed for this feature.
CA A-MPR ?
For FR2 UEs, there are two main criteria currently that define if AMPR is necessary: operation in the EU (NS_202), or projected impact in the passive services band of 23.6 to 24.0 GHz (NS_203). Neither of the two band combinations are expected to be deployed in the EU in the foreseeable future. Neither band combination produces an RIM3 product in the passive service band. A-MPR is therefore not necessary to define for this feature’s agreed band combinations.
Conclusion
Proposal 1: For PC1/2/5, delta(TIB_peak) = MBR or 0 if MBR is not defined for that power class
Proposal 2: R_overlap for PC1/5 is:
	R_overlap
	PC2 (dB)
	PC1, PC5 (dB)

	n257+n259
	TBD
	0.5

	n260+n261
	TBD
	0.5



Proposal 3: MPRPA-PA = Max (MPR1, MPR2) dB, where MPR1 and MPR2 are defined below. 
	
	MPR1 (dB)

	Band Combination
	UEs with TRP = 35 dBm per band, PC1
	UEs with TRP = 23 dBm, PC 2/3/4/5/6

	n260 + n261, n257 + n259
	Max(0, 10 - 10*log10(Max(1.0, LRB,min *12*SCS/1e6))) 
	Max(0, 6 - 10*log10(Max(1.0, LRB,min *12*SCS/1e6))) 

	LRB,min = Min (LRB,nx , LRB,ny ), where LRB,nx is the number of non-zero power UL RBs in band ‘nx’ of the ULCA combination



	
	MPR2 (dB) = 0, unless condition is satisfied

	Band Combination
	UEs with TRP = 35 dBm per band, PC1
	UEs with TRP = 23 dBm per band, PC 2/3/4/5/6
	Condition for non-zero MPR2

	n257 + n259
	N/A for Rel-17
	0.0
	-

	n260 + n261
	6.0
	N/A for Rel-17
	47.2 GHz <= 2*fn260 - fn261 <= 48.2.0 GHz



Proposal 4: CA MPR only applies if the UE is scheduled with non-zero power RBs in both UL bands
The proposals above are implemented in a companion CR [6].
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Annex – CA MPR proposal from OTA lab measurements
CA MPR depends on the back-off required at each PA to suppress RIM3 products. We elected to use lab measurements to capture the RIM3 behavior of a typical FR2 RF front-end. The DUT was an antenna module of the type that is suitable for handheld UE usage, and features a linear patch array. Each patch is capable of simultaneous L+H transmission. The measurements were performed with CW signals at 29.4 GHz (‘L’) and 37.0 GHz (‘H’), and is equivalent to a 1RB+1RB configuration. The data was collected when both bands were configured with their respective boresight beams, and the measurement was made in the geometric boresight direction. The raw data was then processed with various correction factors (‘padding’) and transformations to make it suitable as a basis for standardization. The considerations and transformation steps are listed below:
1. Transform directional measurements (EIRP in boresight direction) to TRP for each frequency product. Emissions requirement are TRP, but the measurements are single-direction EIRP. Each band and each RIMD product forms a unique beam, and therefore a unique relationship between TRP and EIRP.
2. Correct data for any PVT advantage the DUT has over the worst-case corner in single band UL mode. Similar to prior FR2 MPR studies, MPR0 UL power level (highest requirement-compliant power) for the DUT is first experimentally determined. In our case it is the maximum UL IBE compliant power of the reference waveform in section 6.2.1. The MPR0 for the DUT is typically much higher than the MPR0 level foreseen for the PVT corner device (design target). In the analysis, the RIMD performance at the measured MPR0 UL power level is then assigned to the lower design-target UL power. This step thus removes any advantage the DUT has over the PVT corner device.
3. Evaluate for form factors. Multiple form factors are feasible and are broadly categorized for this feature as those with and those without colocated high- and low-band elements. This includes L-shaped modules, planar arrays, linear arrays, adjacent single-band arrays, etc. The most demanding from a RIMD perspective is the co-located case, due to strong coupling between low and high band PAs. The DUT had that physical configuration and therefore represents a conservative choice from a UE perspective.
4. Correction for product trajectory. There is a continuing push towards size reduction which has the impact of reduced isolation between the high- and low-band PAs. In our analysis, we preemptively corrected for reduced isolation in near-future generations by mathematically elevating RIMD levels, presuming a classic 3rd order behavior. 
5. Correct for TRP shortfall of DUT relative to TRP limit. The PVT-corner DUT was not capable of reaching the TRP limit in either band. Due to the shortfall in TRP, the DUT data, even when corrected using steps 1-4 would under-report the amount of back-off required. To future-proof the data, we extrapolated for RIM3 performance for the case when both bands were transmitting at their respective TRP limits. A study of the coupling coefficients (from s-parameters) shows that the dominant mechanism that causes RIMD is coupling between the colocated PAs of both bands. Neighbor elements have significantly lower coupling compared to the dominant self-coupling mechanism. See figures 5-1. This characteristic allows for relatively simple extrapolation as elements are added to achieve higher TRPs (PC1 consideration). Further strategies to improve the isolation between PAs of different bands exist but not considered here, again, as a conservative choice from a UE perspective.
6. Evaluate for generality of DUT test frequencies. RIM3 products are generated at PA outputs. The strengths of the RIM3 products in the conducted domain depend on the forward power of the PA and the coupled power from the other band. The conducted power for each RIM3 product is closely related to its TRP (they are related by the antenna’s efficiency). If the RIM3 products are ‘in-band’ of the antenna and PA, antenna efficiency remains high and PA powers are high, as is the case for our chosen test frequencies. This condition represents a worst case for TRP of the RIM3 products. Most other frequency combinations will have lower RIM3 TRP levels due to antenna efficiency and PA roll off. Consequently, MPR derived from the test frequencies represent a conservative choice from a UE perspective.
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Figure 5-1: Coupling from neighbor cells (dotted) are suppressed relative to the dominant mechanism (highest solid line)



The table below summarizes the lab data after translation through steps 1-6 above (all are TRP). 
	Inter-band CW+CW ULCA config
	IM3L level (dBm)
	IM3H level (dBm)

	23 dBm + 23 dBm
	4.3 dBm
	0.9 dBm

	35 dBm + 35 dBm
	16.3 dBm
	12.9 dBm


CA MPR for UEs with 23 dBm max. TRP per band
As of this writing, only PC2/3/4/5/6 are covered by this section. PC7 (RedCap UE) is not CA-enabled at this time.
Mechanism 1 (-13 dBm/MHz limit)
The table data shows that for a CW+CW  UL waveform, the RIM3L product dominates, at +4.3 dBm, or about 18 dB higher than the emissions limit of -13 dBm/MHz. Under the agreement of equal MPR per band, the UE would need a back-off of 6 dB in each band to ensure the necessary 18 dB reduction in 3rd order IMD tones and become compliant with the emissions limit of -13 dBm/MHz.

Further, it can be reasonably argued that the necessary back-off reduces as the number of RBs allocated for UL increases. Our lab measurements have shown that a conservative choice is to only assume x1 spreading, despite the RIM3 product being a 3rd order product. The reason for this assumption is that the typical power spectrum of the 3rd order product is domed even if the two fundamantal signals have flat power spectra. The peak of the dome needs to comply with the requirement, and it typically exceeds the average PSD by 3-4 dB. The x1 bandwidth spreading assumption (instead of x3) gives an additional 4.8 dB margin to cover the 3-4 dB peak penalty. The proposal for PC2/PC5 (also PC3/4/6) for per-band MPR for compliance with the -13 dBm/MHz emissions requirement can thus be summarized as:

MPR1 = Max(0,6 - 10*log10(Max(1.0,LRB,min *12*SCS/1e6))) dB
Where LRB,min is the number non-zero power UL RBs in the band with the narrower allocation
The inner Max() operator is intended to lower bound the argument of the log function to 1.0 for the case when the measurement BW (1 MHz) is less than the width of 1 RB (60kHz SCS). Further, the MPR is lower bounded by 0 dB to prevent negative values, achieved by the outer Max() operator. The change marks in the document illustrate the change in the proposal from [2].
Mechanism 2 (coex)
n257 + n259
For	n257 + n259, IM3H can fall into the 57-66 GHz band for the allocated RB combinations that satisfy the inequality below [2]:
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Graphically, the inequality represents allocations that fall in the yellow region in the figure to the left. These allocation combinations must also comply with the emissions limit in the in the 57-66 GHz band, +2 dBm/100 MHz. Since the measurement BW is much larger than an RB, a simplification is for UEs to comply with a +2 dBm upper bound for the entire IM3H OOB product. From the table, the IM3H product is already compliant (0.9 dBm vs 2 dBm/ 100 MHz), so no special consideration is necessary for PC2-6
MPR2Coex-n257+m259, PC2,5 = 0 dB
 We had previously proposed a 0.5 dB minimum MPR for qualifying inequalities, but we no longer feel it is necessary after our latest refinements to the calculation methodology.

n260 + n261
[image: Chart
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 47.2 GHz <= 2*fn259 - fn257 <= 48.2.0 GHz	 (Inequality 5.1.2.2-1)
Graphically, the inequality represents allocations that fall in the yellow region in the figure to the left. These allocation combinations must also comply with the emissions limit in the n262 band, -5 dBm/ 100 MHz. Since the measurement BW is much larger than an RB, a simplification is for UEs to comply with a -5 dBm upper bound for the entire IM3H OOB product. From the table, the IM3H product is higher than the limit by about 6 dB (0.9 dBm vs -5 dBm/ 100 MHz), so a minimum per-band MPR of 2 dB is necessary for qualifying allocation combinations. The MPR for coex requirements for PC2 and PC5 (also PC3/4/6) for n260+n261 can be summarized as:
MPR2Coex-n260+m261, PC2,5 = 2 dB,  for 47.2 GHz <= 2*fn259 - fn257 <= 48.2.0 GHz

CA MPR for UEs with 35 dBm max. TRP per band
Mechanism 1 (-13 dBm/MHz limit)
As of this writing, only PC1 is covered by this section. The table data shows that for a CW+CW  UL waveform, the RIM3L product dominates, at +16.3 dBm, or about 30 dB higher than the emissions limit of -13 dBm/MHz. Using the same reasoning from section 5.1, the PC1 UE would need a back-off of 10 dB for compliance with the emissions limit of -13 dBm/MHz, along with a spreading consideration.

The proposal for per-band MPR for PC1 for compliance with the -13 dBm/MHz emissions requirement can be summarized as:
MPR1 = Max(0,10 - 10*log10(Max(1.0, LRB,min *12*SCS/1e6))) dB
Where LRB,min is the number non-zero power UL RBs in the band with the narrower allocation
Mechanism 2 (coex)
n257 + n259
For this band combination, IM3H can fall into the 57-66 GHz band as described in section 5.1.2.1. Qualifying allocation combinations must comply with the emissions limit in the 57-66 GHz band, simplified to +2 dBm for the entire IM3H OOB product (on account of the large measurement bandwidth). From the table, the IM3H product is higher than the limit by about 11 dB (12.9 dBm vs 2 dBm/ 100 MHz), so a minimum per-band MPR of 3.66 dB is necessary for qualifying allocation combinations. The MPR for coex requiements for PC1 for n257+n259 can be summarized as:
MPR2Coex-n257+m259, PC1 = 4 dB for 2*fn259 - fn257 >= 57.0 GHz

n260 + n261
For this band combination, IM3H can fall into n262 as described in section 5.1.2.2. Qualifying allocation combinations must also comply with the emissions limit in the n262 band, simplified to -5 dBm for the entire IM3H OOB product (on account of the large measurement bandwidth). From the table, the IM3H product is higher than the limit by about 18 dB (12.9 dBm vs -5 dBm/ 100 MHz), so a minimum per-band MPR of 6 dB is necessary for qualifying allocation combinations. The MPR for coex requiements for PC1 for n260+n261 can be summarized as:
MPR2Coex-n260+m261, PC1 = 6 dB,  for 47.2 GHz <= 2*fn260 - fn261 <= 48.2.0 GHz
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Table 6.5.3-2: Spurious emissions limits

Frequency Range Maximum Measurement
Level bandwidth
30 MHz < f < 1000 MHz -36 dBm 100 kHz
1 GHz <f<12.75 GHz -30 dBm 1 MHz
12.75 GHz<f< 2™
harmonic of the upper
frequency edge of the -13 dBm 1 MHz
UL operating band in
GHz
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2. CA MPR = max { MPRpa-ps, MPRyaveform&modulation&BWete }
‘Where:
MPRuyayeform&modulation&BWeetc i per sections [6.2.2.x].
MPRea-pa is for compliance with limits in 6.5 and 6.5A for inter-band ULCA.
MPRea-pa is only applicable when both bands are activated.
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