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Introduction
In a previous contribution [1], we proposed that the reference power (0 MPR level) be retained from basic single band single CC operation, and all necessary back-off be incorporated into the MPR framework rather than a flat reduction in min. pk. EIRP requirement to enable FR2 inter-band ULCA operation. 

In this contribution we evaluate if it is justified to define non-zero flat reductions in min. peak EIRP and share our MPR proposal based on measurements.
Discussion
The WF [2] identifies the relationship of MPR, X and Y as key to determining the FR2 ULCA requirements framework.
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Value of X and Y
The primary goal of the FR2+FR2 inter-band ULCA feature is to increase peak UL throughput capability.  Load-balancing is not considered a primary goal of this feature due to the complexity involved in implementing the feature, and existence of more efficient mechanisms to implement load balancing.
X and Y have been proposed as blanket reductions (dB) in a UE’s EIRP capability in each band respectively, during FR2+FR2 inter-band ULCA operation. They directly impact UL throughput capability, the very motivation of this feature, and therefore must be chosen carefully. 
We examine next if there is justification in the form of physical limitation (rather than implementation choice) to specify non-zero X and Y. There are two considerations: emissions compliance and thermal dissipation.
X and Y for thermal dissipation considerations
Thermal and power dissipation issues are already acknowledged in the standard by setting aside a ‘P-MPR’ category for UE flexibility in field operation. This P-MPR can be used in field operation for situations where the UE deems the thermal dissipation to be too high. Blanket reductions (non-zero X and Y) are therefore not necessary to enable field operation of FR2+FR2 inter-band CA. 
Observation 1: A UE can rely on P-MPR to self-limit UL power in the field (i.e no need for non-zero X and Y).
During compliance verification however, P-MPR is set to 0 to enable optimal performance under controlled conditions, i.e., where the considerations for MPE, skin temperature limit, etc. can be disregarded. The challenge therefore is limited to compliance testing conditions: to ensure that the UE can sustain existing single-band UL power simultaneously in 2 bands whilst staying in the designed operating envelope of the electronics. 
Observation 2: During compliance testing, MPE, surface temperature considerations, etc. can be disregarded.Fig. 2.1.1-1: Relative dissipation of 2-band inter- CA compared to intra-band DLCA

For FR2+FR2 inter-band ULCA, there would be an increase in power dissipation for the RF and modem blocks in the UE, presuming there are no relaxations to UL power requirements. Does this extra dissipation pose a new challenge to the UE? The answer can be derived from a power dissipation comparison (figure 2.1.1.-1) between the following configurations:
· This feature: FR2+FR2 1CC+1CC inter-band ULCA operation with the 3GPP side conditions (UL RMC in Appendix A of 38.101-2) 
· 1CC UL + nCC DL intra-band CA in a single band 
In the figure, the red dashed line is merely a level indicating dissipation for inter-band ULCA with a single UL+DL CC in each band, it is not meant to suggest that the inter-band configuration has an intra-band CA component. Each CC is 100 MHz wide. 
For the example above, an intra-band CA configuration with 6 DL CCs reaches power dissipation equivalence with FR2+FR2 inter-band ULCA. This ‘cross-over’ number of CCs is a function of implementation to some degree, but the trend is likely to be common across implementations. Additional dissipation sources from higher level data handling like apps processors are outside the scope of RAN4, but a more global UE-level consideration tends to reduce the number of DL CCs for dissipation equivalence. Intra-band DL CA dates to Rel-15 and feature supporting UEs are already designed to handle the associated power dissipation. One can therefore conclude that the UE is not presented with a uniquely challenging power dissipation requirement in a compliance verification condition for FR2+FR2 inter-band ULCA. Thermal considerations do not necessitate a partial de-powering of the transmit array, which in turn would have forced the adoption of non-zero X, Y.
Observation 3: In an FR2+FR2 inter-band ULCA compliance verification condition, the UE does not face uniquely challenging power dissipation requirements that could have motivated non-zero X and Y.
X and Y for emissions compliance
As we identified in [1], the primary difference in inter-ULCA operation relative to single-band UL is the creation of out-of-band mixing products, and the latter can be suppressed by sufficient back-off in the PAs in each band. We also pointed out that 3GPP precedent is to use MPR for emissions related back-offs. Accordingly, in [1], we proposed the adoption of an ‘alternative minimum MPR’ (MPRPA-PA) that applies during inter-band CA operation if the single band MPRs applicable in each band do not suffice for compliance of OOB emissions:
MPRinter-band = max(MPRsingleCC , MPRPA-PA) 
To determine ‘MPRPA-PA’, we studied inter-band ULCA behavior on a typical antenna module intended for a UE with a hand-held form factor [1]. X and Y can be incorporated into MPRPA-PA by defining it with a minimum non-zero value, if justified. 
Our measurements show that if each band transmits at the single-band PC2/3/4/5 TRP limit (23 dBm), the OOB emissions exceed the general spurious requirement by a significant margin. Data presented in table 2.1.2-1 are projections based on measurements, after correction (added margin) for PVT corners and future foreseen technologies and trends like size reduction. The measurements were performed with CW signals and are equivalent to a 1RB+1RB configuration. Please note that the table is changed relative to [1] in the direction of needing more back-off due to more conservative treatment for one detail (distribution losses post-PA). Color-coding is relative to the -13 dBm/MHz general spurious limit for FR2. 
	MAX(IM3L, IM3H) (dBm)
	TRP of n260 (dBm)

	
	23
	20
	17

	TRP of n261 (dBm)
	23
	3.5
	-2.5
	-8.5

	
	20
	0.5
	-5.5
	-11.5

	
	17
	-2.5
	-8.5
	-14.5


Table 2.1.2-1 OOB emission levels for CW+CW Tx
Observation 4: For FR2 inter-ULCA operation for PC2/3/4/5, PAs in one or both bands require power back-off relative to single CC TRP limit to ensure OOB products comply with the general spurious emission requirements. 
Table 2.1.2-1 suggests narrow waveforms like 1RB+1RB require 6 dB back-off in each band (relative to 23 dBm TRP in each band for PC2/3/4/5). Now, the OOB product is a 3rd order product which spreads to thrice the bandwidth of the fundamental or desired signal, but its PSD is domed. The peak PSD of the OOB product does not show the advantage of 3x spreading as a result. Our measurements confirm that its peak PSD always falls faster than 10*log10(PRB) however. For further arguments, we use the expression above as a conservative description of the OOB product peak PSD’s dependence on BW of the desired UL signals. If the allocations are wider than 1RB+1RB, for example 10RB+10RB, the OOB product would also spread, and the peak PSD of the OOB product would fall more than 10 dB relative to the 1RB+1RB case. This drop in peak PSD allows the OOB product to be suppressed below the general spurious emissions limit by relying on spreading rather than UL power reduction. 
Observation 5: For emissions compliance during FR2 inter-ULCA operation, the back-off required for PAs reduces as PRB increases.
Observations 1-5 together can be used to conclude that the framework introduced in [1] is viable for FR2+FR2 inter-band ULCA. We also argued in [1] that the MPR should apply equally to both bands in the CA combination. While this preference is not driven by a physical reason, it simplifies the standard compared to defining the MPRPA-PA as a budget for the UE to distribute optimally among its bands.  
Proposal 1: MPRinter-band = max(MPRsingleCC , MPRPA-PA) , where MPRPA-PA applies equally to both bands in the ULCA band combination.
MPR values
A second example of the spreading phenomenon is a 4RB+4RB waveform. The peak PSD of the OOB product would drop at least 6 dB (=10log(6)) and so, no back-off would be needed for emissions compliance. This formulation illustrates how a zero-MPR condition can be protected for inter-band ULCA while staying emissions compliant. Non-zero X and Y are equivalent to a minimum non-zero value for MPRPAPA, and the formulation shows that a zero-MPR condition is possible, i.e non-zero X and Y are not justified
Observation 6: For emissions compliance, there is no justification for non-zero X and Y, or equivalently a minimum non-zero value for MPRPAPA.
From observation 1-6 and data from table 2.1.2-1, the MPR required for a PC3 device to comply with the -13 dBm/MHz general spurious limit can be written as:
MPR-13 dBm/MHz = 6 - 10*log10(PRB) …………………. (Equation 2.1.3-1)
What if the RB allocations are unequal in the two bands? To simplify the standard, we propose to use the smaller of the PRBs for the two bands. For example, a 10RB + 2 RB allocation would derive its applicable MPR based on 2RB+2RB allocation.
Proposal 2: MPRPA-PA applies based on the width of the narrower allocation among both bands in the ULCA band combination.
Apart from the -13 dBm/MHz limit, there are also co-existence requirements to meet: 
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Fig 2.1.3-1: Co-ex emissions requirement for intra-band CA from 38.101-2
For the example band combination (n257+n259), the third order product IM3H (1,2) and a fourth order (2,2) product fall inside the 57-66 GHz band. It is possible to ignore the (2,2) product due to lack of first order dependency, but the (1,2) product needs similar consideration as used before for the -13 dBm/MHz limit. The CC combinations whose IM3H product falls in the protected zone is described by:
2*fn259 - fn257 >= 57.0 GHz	…………………. (Inequality 2.1.3-2)
[image: Chart

Description automatically generated]
Fig 2.2-2: Yellow regions denote area where IM3H is subject to emissions limit in the 57-66 GHz band.
The emissions limit in the 57-66 band is +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 would be non-compliant by 1.5 dB if neither band was backed-off and while making the conservative assumption that distribution losses did not increase for this OOB product. A 1.5 dB reduction in IM3H can be realized by a 0.5dB back-off in each band. This back-off would need to be applied to all CC combinations satisfying inequality 2.1.3-2 regardless of allocation size per the simplification (100 MHz MBW). 
MPRPA-PA can hence be constructed as the minimum of MPR derived from having to comply with both, the -13 dBm/MHz requirement (equation 2.1.3-1) and the MPR required to meet co-ex requirements (0.5 dB conditioned on meeting inequality 2.1.3-2):
Proposal 3: MPRPA-PA for n257+n259 can be summarized for PC3 as:
MPRPA-PA = Max (MPRCoex, 6 - 10*log10(PRB)) dB
Where:
· MPRCoex is 0.5 dB if 2*fn259 - fn257 >= 57.0 GHz, 0 dB otherwise
· PRB is the number non-zero power UL RBs in the band with the narrower allocation
Delta(TIB)
At the outset, it is useful to note that in the formulation above, any MPR applicable to the test waveform is orthogonal and can be applied additively to any delta(TIB) that may apply. Drawing from discussions on delta(RIB), it is useful to layout the mechanisms that require consideration before deciding delta(TIB). Assuming emissions compliance is handled by the MPR framework, it is possible to organize other mechanisms that impact inter-band ULCA like those identified for the inter-band DLCA case:
	Mechanism
	Delta(TIB_peak)
	Delta(TIB_spherical)
	Notes

	Imperfect overlap in coverage areas
	Not applicable
	Applicable
	This parameter is unique to enabling compliance with common spherical coverage requirements. Peak EIRP can be measured independently for each band, therefore no relaxation is justified

	MBR
	Applicable
	Applicable
	(*)

	Multi-chain de-sense
	Not applicable
	Not applicable
	For inter- DLCA, de-sense (~ 1 dB) was used to capture impact on SNR when receivers from multiple bands were simultaneously operational

	(Other mechanisms not yet considered)
	
	
	(Needs input from RAN4 discussion)



(*) We do not have a strong preference on how MBR is captured, i.e whether it applies directly to the single band min. peak EIRP requirement, or as part of delta(TIB). Since MBR is defined differently over all power classes, the formulation becomes modular if MBR continues to apply directly to the single CC min. peak EIRP requirement, rather than in delta(TIB). The disadvantage is deviation from convention used for DLCA, and in our view, a minor matter.
Proposal 4: RAN4 to first identify physical mechanisms that require relaxation before determining delta(TIB). 
How to structure TS38.101-2 for inter-band CA
While there are many aspects to consider, our specific focus is on requirements that are associated with an explicitly referenced CA band combination. Take the co-ex table as excerpted in figure 2.1.3-1 for example. Due to explicit assignment of the CA configuration, currently the requirements seem to apply only for intra-band ULCA. Extending today’s scheme, we would have to list all possible inter-band combinations in the co-ex table which in turn would make the table grow quickly as FR2 matures. In [1] we also identified that NS signaling and AMPR are also subject to the same open question. Consider the CA_NS assignment table:
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It is not clear whether this table lends itself to extension to include all inter-band combinations, given the upper limit of 8 slots per band. Discussion on how best to capture requirements for inter-band ULCA would be beneficial. 
Proposal 5: RAN4 to discuss how to capture emissions requirements as well as NS framework for UL inter-band combinations.
PC2/4/5
The proposals in this contribution are built on measurements taken an antenna module intended for PC3 devices. The MPR proposals are based on each module being able to transmit 23 dBm TRP. UEs from other power classes (2,4,5) share the same TRP limit, so a natural question is whether the MPR proposals apply to these power classes also. 
The OOB 3rd order non-linearity products are generated principally by the mechanism of reverse IMDs, where each PA sees the output from all the PAs in the other band, through the respective coupling ratios in the array. The strength of the OOB IMD products is hence a strong function of the element-to-element isolation. As isolation increases, OOB products are expected to reduce in strength. For a given TRP, arrays with more elements have lower mean coupling, and therefore lower OOB IMD products. Power classes 2/4/5 all qualify as UEs with larger arrays due to higher min peak EIRP requirements.
Observation 7: PC2/4/5 devices are expected to need less MPR for FR2+FR2 inter-band ULCA operation than PC3 due to reliance on larger arrays for the same TRP.
Proposal 6: Extend proposal 3 to include PC2/4/5.
Conclusion
Observation 1: A UE can rely on P-MPR to self-limit UL power in the field (i.e no need for non-zero X and Y).
Observation 2: During compliance testing, MPE, surface temperature considerations, etc. can be disregarded.
Observation 3: In an FR2+FR2 inter-band ULCA compliance verification condition, the UE does not face uniquely challenging power dissipation requirements that could have motivated non-zero X and Y.
Observation 4: For FR2 inter-ULCA operation for PC2/3/4/5, PAs in one or both bands require power back-off relative to single CC TRP limit to ensure OOB products comply with the general spurious emission requirements. 
Observation 5: For emissions compliance during FR2 inter-ULCA operation, the back-off required for PAs reduces as PRB increases.
Proposal 1: MPRinter-band = max(MPRsingleCC , MPRPA-PA) , where MPRPA-PA applies equally to both bands in the ULCA band combination.
Observation 6: For emissions compliance, there is no justification for non-zero X and Y, or equivalently a minimum non-zero value for MPRPAPA.
Proposal 2: MPRPA-PA applies based on the width of the narrower allocation among both bands in the ULCA band combination.
Proposal 3: MPRPA-PA for n257+n259 can be summarized for PC3 as:
MPRPA-PA = Max (MPRCoex, 6 - 10*log10(PRB)) dB
Where:
· MPRCoex is 0.5 dB if 2*fn259 - fn257 >= 57.0 GHz, 0dB otherwise
· PRB is the number non-zero power UL RBs in the band with the narrower allocation
Proposal 4: RAN4 to first identify physical mechanisms that require relaxation before determining delta(TIB). 
Proposal 5: RAN4 to discuss how to capture emissions requirements as well as NS framework for UL inter-band combinations.
Observation 7: PC2/4/5 devices are expected to need less MPR for FR2+FR2 inter-band ULCA operation than PC3 due to reliance on larger arrays for the same TRP.
Proposal 6: Extend proposal 3 to include PC2/4/5.
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Table 6.5A.3.1-1:

Requirements for CA

CA band Spurious emission
Protected band / frequency Frequency range Maximum mMBW NOTE
range (MHz) Level (MHz)
(dBm)
CA_n257 NR Band n260 FoLow | - | FoLnian 2 100
Frequency range 57000 | - | 66000 2 100
Frequency range 23600 | - | 24000 1 200 2
CA_n258 Frequency range 57000 | - | 66000 2 100
CA_n259 NR Band 257 FoLow | - | FoLhign 5 100
NR Band 261 FoLow | - | FoLhign 5 100
Frequency range 36000 | - | 37000 7 1000
Frequency range 57000 | - | 66000 2 100
CA_n260 NR Band 257 FoLow | - | FoLnian 5 100
NR Band 261 FoLow | - | FoLnian 5 100
NR Band 262 FoLow | - | FoLhign 5 100
Frequency range 57000 | - | 66000 2 100
CA_n261 NR Band 260 FoLow | - | FoL hign 2 100
NR Band 262 FoLow | - | FoLnian 5 100
Frequency range 57000 | - | 66000 2 100
CA_n262 NR Band 260 FoLow | - | FoLnian 2 100
NR Band 261 FoLiow | - | Fou hign -5 100
Frequency range 57000 | - | 66000 2 100

NOTE 1: FoL_iow and FoL_nigh refer to each NR frequency band specified in Table 5.2-1
NOTE 2: The protection of frequency range 23600-24000 MHz is meant for protection of satellite passive
services.
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Table 6.2A.3.1-2: Value of additionalSpectrumEmission

NR Band Value of additionalSpectrumEmission / NS number
0 1 2 3 4 |5 6 7
n257 CA_NS_200 CA_NS_202
n258 CA_NS_200 CA_NS_201 CA_NS_202 CA_NS_203
n259 CA_NS_200
n260 CA_NS_200
n261 CA_NS_200

NOTE 1: additionalSpectrumEmission corresponds to an information element of the same name defined in clause 6.3.2 of
TS 38.331[13].
NOTE 2: CA_NS_201 is obsolete, the associated additional spurious emission requirements are not applicable.





