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Introduction
A previous WF [1] organized all peak EIRP reductions into delta(TIB_peak) and all relaxations to the spherical EIRP coverage for common coverage as delta(TIB_spherical). In this contribution we share our proposals for both delta(TIB) along with the underlying reasoning and analysis. We address PC3 as well as the Japan-motivated PC5 FWA UE in keeping with the home-market of the example band-combination. We also extend our analysis to cover a more recent operator request for n260+n261 and further develop our thinking on CA MPR.
Discussion
Delta(TIB_peak)
The WF [1] established that MBR is included in delta(TIB_peak), but impact of ‘total power concept’ remained open:[image: Text

Description automatically generated]
We are not aware of a uniformly applicable regulatory requirement that limits the total radiated power in FR2. Unless such a regulation can be identified, there is no motivation to introduce a cumulative inter-band TRP limit, and therefore no need for peak EIRP relaxations during inter-band ULCA operation, relative to single-band UL. 
Observation 1: There are no globally applicable regulations that motivate a ‘total power concept’ relaxation.
Thermal and power dissipation issues as well as regulatory biological exposure limitations are not directly addressed in the standard. The standard however does provide the UE with a separate unregulated category for autonomously chosen UL power back-off, ‘P-MPR’, to ensure flexibility for safe and effective operation in the field. During compliance verification however, P-MPR is set to 0. RAN4 must therefore determine that in verification conditions, whether the UE can demonstrate transmission at single-band UL power levels for each UL band.
Observation 2: A UE can self-limit UL power in the field using P-MPR, but the compliance verification condition for FR2 inter-band ULCA must be evaluated as possible motivation for peak EIRP relaxations.
Table 2.1-1 captures relevant verification condition details pertaining to single CC configurations.
	Single CC verification condition
	UL duty cycle
	PDSCH decode?
	PDCCH decode?
	Reference from TS 38.101-2

	UL power metrics (ex: EIRP)
	10%
	No
	Yes
	‘active UL slots’ in table A.2.3-1 

	DL power metrics (ex: sensitivity)
	20 %
	Yes
	Yes
	note 4 of table A.2.3.x-1 


Table 2.1-1: Comparison of power consumption during verification testing
Instantaneous consumption in the modem and front-end during the UL phase is typically much higher than during the DL phase of TDD operation, so UL duty-cycle is a first order indicator of average power consumption. A secondary aspect is whether PDSCH is decoded, which consumes significant power compared to PDCCH-only decoding. PDSCH decoding is applicable for DL verification, but UL verification tests get by with just PDCCH decoding. Consequently, the tabulated parameters demonstrate that for single CC configurations, a UE’s power consumption is higher during DL verification compared to UL power verification. Furthermore, power consumption during verification of DL metrics increases with number of DL CCs. This dependence suggests that power consumption during intra-band DLCA sensitivity testing (where more DL CCs are added to the basic single UL+DL configuration) can become comparable with 2-band inter-band ULCA EIRP testing. In Figure 2.1-2 below, we make this comparison assuming conservatively that 2-band inter-band ULCA EIRP testing consumes twice as much power as single band EIRP testing. This figure is revised from [2] to align with the finer details of the compliance verification conditions discussed above.
In the figure, the red dashed line is the 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. Our estimates show that the UE’s power consumption is indeed equivalent for the two configurations below:Fig. 2.1-2: Relative dissipation of 2-band inter- CA compared to intra-band DLCA

· Verification of sensitivity for intra-band CA with 3 DL CCs + 1 UL CC (20% UL duty-cycle) 
· Verification of EIRP for an FR2+FR2 inter-band configuration with 1CC DL + 1 CC UL in each band (10% UL duty-cycle and no PDSCH)
While the exact number of ‘cross-over’ CCs will differ across implementations, the trend is expected to be common to all practical implementations. Additional dissipation sources from higher level data handling like apps processors are outside the scope of RAN4, but these considerations tend to reduce the number of DL CCs for power consumption equivalence because consumption increases with number of CCs. The power consumption trends above illustrate that the UE power consumption challenge is not unique to FR2 inter-band ULCA, it has already been solved by UEs that support FR2 intra-band DLCA.
Observation 3: In a compliance verification condition, FR2+FR2 inter-band ULCA is not uniquely challenging in terms of UE power consumption, due to equivalence with FR2 intra-band DLCA operation.
The main differences in power management between the two configurations pertain to in-UE thermal management, which is left to UE implementation. We therefore conclude: 
Observation 4: There is neither regulation nor physical limitation that motivates further relaxation to delta(TIB_peak) beyond the already agreed MBR component.
The inter-band ULCA feature brings significant hardware implementation complexity to the UE, so it is incumbent on RAN4 to ensure that the throughput benefit to the network is significant. UE EIRP relaxations unfortunately erode the benefit quickly, especially in the low SNR regime of the gNB receiver (‘UL-limited’). EIRP relaxations are thus strongly self-limiting for this feature even if they seem to ease the design of the UE. 
Proposal 1: delta(TIB_peak) = MBR
delta(TIB_spherical)
The WF [1] outlined the procedure for deriving delta(TIB_spherical) presuming a common coverage requirement similar to what is in place for IBM DL inter-band CA. 
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The relaxation due to imperfect overlap in spherical coverage regions, ‘R_overlap’, is due to misalignment of coverage regions and is primarily determined by antenna design in the UE. The antenna is common to Tx and Rx for practical UEs, so misalignment itself can be considered common to UL and DL. R_overlap consequently must be determined separately for each power class of UE, to account for their different antenna characteristics. 
The example band combination (n257+n259) is motivated by foreseen Japanese market deployment. In the Japanese market, the FWA device for the Japan use-case (PC5) is an important UE type in addition to PC3. It therefore would be beneficial for the network, as well as for completeness of the standard to enable both PC3 and PC5 for inter-band ULCA in n257+n259. We therefore analyze R_overlap for both, PC3 and PC5 UE types below. There has also been late operator interest to enable n260+n261, which can be evaluated alongside the example band without much overhead.
R_overlap for PC3 
[image: ]R_overlap for any band pair can be back-calculated for PC3 from the agreed value of delta(RIB_spherical) for that band-pair. In table 2.2.1-1, we deconstruct delta(RIB_spherical) for n257+n259:
	Mechanism
	Parameter
	Value 

	Imperfect overlap in spatial coverage of the participating bands
	R_overlap
	?

	Need to accommodate multiple bands in the same module
	delta(MB_s)
	(0.7-0.4) dB

	Multi-chain de-sense
	
	1.0 dB

	(Cumulative relaxation, see table 7.3A.3.3-1 of TS38.101-2)
	delta(RIB_spherical)
	3.5 dB


Table 2.2.1-1: Deriving R_overlap from delta(RIB_spherical) for n257+n259
R_overlap can be derived as ~ 2.0 dB for n257+n259 based on the table above. Similar reasoning can be applied to n260+n261, due to identical parameter values.
Per WF agreement on how delta(TIB_spherical) is specified, we propose:
Proposal 2: For n257+n259 and n260+n261 PC3, delta(TIB_spherical) = delta(TIB_peak) + 2.0 dB 
R_overlap for PC5
Unlike PC3, there is no body of existing specifications to draw from, and R_overlap must be estimated based on antenna coverage studies. We studied the PC5 UE’s spherical coverage using the methodology used for PC3. Refer to the Annex for simulation assumptions and calculation details. Our analysis showed that R_overlap is 0.5 dB for PC5 in both band combinations. The low relaxation value is expected due to the nature of the device (single medium-sized array), and a relatively compact spherical coverage area. In practical UEs, even this relaxation may not be necessary.
Proposal 3: For n257+n259 and n260+n261 PC5, delta(TIB_spherical) = delta(TIB_peak) + [0.5] dB 
CA MPR
In the 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.
Our MPRPA-PA construct [2] was derived as the minimum back-off required to comply with all independent spurious requirements captured in 38.101-2. The MPR framework therefore naturally takes 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 MPR components that apply for the band combinations being considered.
	Band Combination
	Mechanism 1
(General Spurious)
	Mechanism 2
(Co-existence)
	Mechanism 3

	n260 + n261
	- 13 dBm/ MHz limit
	IM3H lands in n262, -5 dBm/ 100 MHz limit
	(None identified yet)

	n257 + n259
	- 13 dBm/ MHz limit
	IM3H lands in 57-66, +2 dBm/ 100 MHz limit [2]
	(None identified yet)


Table 2.3-1: Components of MPRPA-PA
The MPR for mechanism 1, compliance with the -13 dBm/MHz requirement, can be shared by the two band combinations being considered here due to frequency proximity and (typical) use of identical hardware for both combinations. The proposal in [2] is derived from OTA measurements which are subjected to a calibration and normalization process that corrects for PVT corners, extrapolates for future design direction, and applies corrections for the directional nature of the measurements. We have since identified a potential way to replace a theoretical argument used in the calibration process with empirically derived information. The measurements needed to determine this refinement is not complete as of this writing. We need one more meeting cycle to come up with a general MPR proposal that can be standardized. The general structure of the proposal would remain intact, i.e. this MPR component would continue to vary inversely with allocated bandwidth [2].
The second component of MPR, mechanism 2, comes from co-existence considerations. n260+n261 generates an IM3H component in n262, while n257+n259 has an IM3H component in the 57-66 GHz band. Our proposals for these MPR values in [2] can only be finalized after the calibration step referenced above. Meanwhile, figures 2.3-2 show graphic representations of CC locations in the two bands of each ULCA combination that could need back-off due to co-existence considerations.
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Figure 2.3-2 UL CC location combinations where MPRcoex would apply.
Further discussion in RAN4 may help identify other mechanisms that apply but are not listed here. 
Observation 5: The CA MPR proposal may require an additional meeting cycle to complete.
The general principle for the MPR construct is to preserve for the network largely un-impacted UL power capability compared to single band operation. We however believe it is acceptable for CA MPR to apply for some select cases like narrow allocation transmissions in both bands simultaneously, which are not valuable in an ULCA context anyway. Echoing our reasoning for our delta(TIB_peak) proposal, it would be self-limiting for the feature to establish a blanket MPR that applies all the time to all band combinations. 
Configured power for inter-band ULCA
There are multiple mechanisms that can contribute to UL power limitation relative to the single band UL power requirement. These must be evaluated individually to determine if there is cross-band dependence due to physical or regulatory reasons. If there is no need for cross-band dependence, the next step is to verify if the mechanism can be accommodated by a per-band configured power requirement that is modeled after the single CC requirement. If both these hurdles are overcome, it is feasible to establish independent per-band power control. 
The mechanisms we test for cross-band dependence are:
1. ‘Total power concept’
2. Emissions compliance
3. MPE-related average UL power reduction
Per agreement in WF [1], section 2.4.b, any impact of the ‘total power concept’ will be captured by the parameter ‘delta(TIB_peak)’ applicable to each UL band per band combination. Once the parameter is specified in the standard as a numerical value, no further cross-band dependence is necessary.  The parameter delta(TIB_peak) is a relaxation to the peak EIRP requirement, and like MPR, A-MPR, delta(MB_peak) etc, is easily captured in a requirement modelled after the single band configured power requirement. This mechanism therefore lends itself to an independent per-band configured power requirement.
Emissions compliance is handled by the MPR framework described in 2.3 above. MPR is defined per-band per-band_combination in [1], so no cross-band dependence is foreseen. 
In the single CC case, MPE related UL power reductions are accommodated by an unregulated term P-MPR. Extending this to inter-band ULCA, it is left up to UE implementation how much P-MPR is taken in each band when conditions demand. There is neither standards need nor regulatory need to institute cross-band dependence on P-MPR.  
In summary, both, MPR and P-MPR are independent per-band quantities, without further necessity for cross-band linkage. Both, MPR and P-MPR are already present as explicit terms in the single CC configured power requirement, so they would naturally have a home in an independent per-band configured power requirement modelled after the single CC requirement. This confirms that an independent per-band treatment is feasible for MPR and P-MPR.
Observation 6: The single-band configured power requirement can serve as the template for an independent per-band configured power requirement for FR2+FR2 inter-band ULCA.
Proposal 4: For FR2+FR2 inter-band ULCA, the configured power requirement shall be independent and per-FR2 band.
This proposal is implemented in a companion draft CR [3].
Conclusion
Observation 1: There are no globally applicable regulations that motivate a ‘total power concept’ relaxation.
Observation 2: A UE can self-limit UL power in the field using P-MPR, but the compliance verification condition for FR2 inter-band ULCA must be evaluated as possible motivation for peak EIRP relaxations.
Observation 3: In a compliance verification condition, FR2+FR2 inter-band ULCA is not uniquely challenging in terms of UE power consumption due to equivalence with FR2 intra-band DLCA operation.
Observation 4: There is neither regulation nor physical limitation that motivates further relaxation to delta(TIB_peak) beyond the already agreed MBR component.
Proposal 1: delta(TIB_peak) = MBR
Proposal 2: For n257+n259 and n260+n261 PC3, delta(TIB_spherical) = delta(TIB_peak) + 2.0 dB 
Proposal 3: For n257+n259 and n260+n261 PC5, delta(TIB_spherical) = delta(TIB_peak) + [0.5] dB 
Observation 5: The CA MPR proposal may require an additional meeting cycle to complete.
Observation 6: The single-band configured power requirement can serve as the template for an independent per-band configured power requirement for FR2+FR2 inter-band ULCA.
Proposal 4: For FR2+FR2 inter-band ULCA, the configured power requirement shall be independent and per-FR2 band.
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Annex
The PC5 UE was assumed to have one 4x4 antenna module. A typical UE performs much better than the standards requirement for EIS spherical coverage (single band). This is true of the chosen antenna module and true when the array is constructed from elements using the radiation pattern assumptions from TR38.803. It is therefore necessary to artifically degrade the spherical coverage performance of the UE to prevent inherent margins in the evaluated design from incorrectly under-reporting necessary delta(TIB). The normalization process forces each band individually to just meet its spherical coverage requirement (marginal compliance). 

Following the methodology used for DL inter-band CA, we first tackle n260+n261 and then derive the relaxation parameter value for the target band combination by replicating the offset in delta(RIB_spherical) for the target band relative to n260+n261.  The UE’s  single band coverage in the analyzed bands is shown below:



[image: ][image: ]
Figure 5-1: Coverage map for each band, based on gain drop to achieve 15% coverage in each band
The gain criteria for coverage determination are calculated during the normalization process to ensure that the single band coverage area for each band individually is maintained at 15% for PC5. All directions where the gain is lower than the cut-off represent out-of-coverage areas. For the inter-band case, the gain cut-off EIRP value is relaxed from the normalized single band case by a scaled version of R_overlap to account for any margin present in the design. For example, if the evaluated design covers its 85th %ile direction with a 4 dB gain drop when the standard allows 8 dB, R_overlap is scaled as R_overlap*4/8 prior to use for determining the increased coverage area. Without this scaling, R_overlap values would be smaller by the inverse of the ratio (factor of 2 in our example).
The table below shows how common coverage increases as a function of R_overlap, in PC5, in n260+n261.
	R_overlap (dB)
	IBM – Common spherical coverage (%)
	n261 spherical coverage (%)
	n260 spherical coverage (%)

	0.0
	14.2
	15.0
	15.1

	0.5
	15.3
	15.9
	16.3

	1.0
	16.3
	16.9
	17.4



The first row in the table demonstrates that the model is properly calibrated, i.e the UE would only marginally pass spherical coverage requirements in each band in single CC mode, with no relaxations applied in any band. The second row shows that an R_overlap of 0.5 dB is enough to attain 15% common spherical coverage for n260+n261. 

Next, we adjust the value of R_overlap for our example band combination by using the difference in delta(RIB_spherical) between n260+n261 and n257+n259, 0.0 dB. We therefore conclude that R_overlap for PC5 is 0.5 dB for n260+n261 as well as n257+n259.
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4. Included mechanisms that contribute to relaxation are listed below:
a. MBR from section 6.2.1
b. FFS if “Total power concept’ is included in list of mechanisms that contribute to
delta(TIB, peak) value. Discuss in next meeting, including why or why not relaxation due to
thermal should be standardized.
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4. Tentative agreement: [Relaxation for common spherical coverage delta(TTB. spherical) is derived as
addition of the quantities below:
a. Total peak EIRP Relaxations (X/Y, see WF.2)
b. Relaxation ‘R _overlap’ due to imperfect overlap in spherical coverage regions of the two bands
(i.e., not covered by 4a above)
i. R_ovexlap to be aligned with value deri

4 from deltaRIB. sphericab]
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