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1.	Introduction
As captured in the chairman’s notes for RAN4#99-e, RAN4 have ‘agreed to define CBM requirements in such manner that both single chain and multi chain architectures are possible’.
We first discuss the important aspect of applicability of requirements in context of location of the beam management reference signal. We also derive the requirement framework based on the ‘inclusive architecture’ principle captured in the chairman’s notes.
2. 	Discussion
2.1	Beam management reference signal (BMRS)
For IBM inter-band CA, a Rel-16 feature, it was assumed that the UE ‘selects its DL Rx beam(s) for all CCs in each configured band based on DL reference signal measurements made in that band’. It is therefore already understood that there is a network-designated reference signal to enable beam management. This signal is what we can refer to as the BMRS:
Beam management reference signal: The DL signal designated by the network for the UE to make measurements on for the purpose of selecting its DL beam(s). 
Clause 6.6 of the standard outlines necessary detail for the various possibilities of BMRS as configured by the network. This concept of BMRS applies to both IBM and CBM – the main difference is that in CBM, the network configures the reference signal in just one of the bands as the source of the QCL type-D relations for the PDSCH in both bands. The BMRS can be absent in any band, and a CBM UE must be able to accommodate this network choice without significant performance degradation.
Proposal 1: CBM inter-band CA requirements apply per-band with the BMRS configured in any one of the participating bands.
With CBM inter-band CA, there are as many possibilities for BMRS location as there are bands. As proposed elsewhere [2], a test skipping rule can be instituted to reduce the testing burden. Excerpted from [2]:
Observation 5: The number of tests for CBM UEs may be reduced by only verifying the worst-case scenario.  
Test skipping rules have already been used successfully to reduce the testing burden across all the BMRS types listed in section 6.6 of TS 38.101-2.
2.2	Requirements for CBM inter-band DL CA
2.2.1	Starting point for requirement set
Single beam (a.k.a single chain) receivers and multi beam (a.k.a multi-chain) receivers have been identified as reasonable implementations of CBM inter-band CA. Excerpt from chairman’s notes from RAN4#99-e:
[image: ]
The specific list of requirements was captured in the chairman’s notes as:
[image: ]
The requirements for each of the above parameters could be aligned with either intra-band DL CA requirements or IBM inter-band DL CA (or other):
[image: ]
2.2.2	PSD condition for sensitivity requirements
‘Sensitivity’ in this context covers both, REFSENS as well as EIS in non-peak directions. We had previously deduced that the IBM inter-band sensitivity requirements provide a better template for CBM requirements [1]. We focus further discussion on PSD difference during test.
Recall that in IBM inter-DL CA sensitivity testing, the requirements are verified for one band at a time, with the untested or ‘other’ band maintained in some condition representative of deployment during verification. For an IBM UE, this ‘deployment condition’ is a high SNR condition (high DL power) for the untested band. This condition is unfortunately not suitable for CBM UEs since some CBM UEs (single-chain implementations) can only meet requirements with equal PSD or with low PSD difference in the conducted domain. For CBM inter-DL CA, RAN4 need to establish what constitutes a suitable ‘deployment condition’ for the untested band while maintaining low PSD difference across the bands. 
The following possibilities exist for a deployment DL power level in the band other than the one being tested for CBM inter-CA UEs (applies to all test AoA):
· Retain rigidly equal PSD: place a limit on how much throughput degradation is allowable in the band other than the one being evaluated
· PSD maintained in the same ratio as the spherical coverage EIS criteria of the bands in CA, some TBD throughput target for each band.
· Minimize PSD difference for each AoA. Start with equal PSD, adjust PSD of band other than the one being evaluated so it too is maintained at some target fraction of maximum throughput. 
The disadvantage of the ‘rigidly equal’ PSDs is that the two bands can have a variable difference between their respective NF values as well as in the antenna gain patterns, so the PSDs in the conducted domain can vary significantly. Consequently, there can be no single ‘allowable degradation’ that can apply to all band combinations and all AoA.
The scheme of maintaining a fixed PSD difference based on the difference in the spherical coverage EIS criteria overcomes the problem of different noise figures and different coverage expectations in both bands. It however still places an implicit requirement that the UE withstand PSD difference in the conducted domain equal to the antenna gain pattern difference between the bands.
In the third scheme the PSD difference minimization at each AoA comes from minimizing the DL power in each band to achieve a target throughput rate. This method therefore naturally accommodates gain pattern variation between the bands in the CA combination while retaining both, minimized PSD difference in the conducted domain as well as link connectivity in both bands. Previous throughput targets proposed for the band other than the one being tested are 100% [1] and 95% [3]. Each has its benefits and drawbacks. 
Choosing 100% throughput as the test condition for the untested band makes it easier for the TE to hunt down the sensitivity value in the tested band, making it a one-dimensional search, but it allows the untested band to receive DL at higher power than necessary. For example, if -80 dBm of equivalent DL power is needed for the untested band to achieve sensitivity condition, but the tested band requires -75 dBm to achieve 95% throughput, this method would supply -75 dBm to the untested band also. We put this scheme into spec language in a previous contribution [1].
The choice of 95% has the benefit of simultaneous sensitivity measurement of both bands [3], at the expense of the complexity of a 2-dimensional search for the TE.  The simultaneous sensitivity condition ensures PSD difference is minimized in the conducted domain for the UE and thus adheres more closely to the ideal of being inclusive of both UE implementations. The additional major benefit of this method is that spherical coverage need only be measured once, thereby reducing number of test steps. 
Observation 1: The ‘simultaneous sensitivity’ condition ensures the lowest PSD difference between the bands in the conducted domain. 
We therefore believe that the optimal sensitivity test condition for CBM UEs is ‘simultaneous sensitivity’:
Proposal 2: For CBM sensitivity requirements, adopt a ‘simultaneous sensitivity’ condition for both bands under test at each AoA.
This proposal is captured in spec. language in the annex. The test procedure for the 2D search to determine simultaneous sensitivity in both bands can begin with the respective single band sensitivity levels, with some margin added on for some robustness.
2.2.3	ACS/IBB requirements
ACS/IBB requirements for contiguous intra-band DL CA presume the same Rx beam peak direction for all CCs, since the throughput requirement applies after power for all CCs are set simultaneously. RAN4 have however established with IBM inter-CA that it is not necessary for the beam peak directions for all bands to coincide. Intra- contig. DL CA therefore is not a good template for ACS/IBB requirements for CBM inter-CA.
ACS/IBB requirements for both, NC intra-band DL CA as well as inter-band CA apply to one carrier at a time, which provides the flexibility to allow a dedicated beam peak direction to be chosen for each band. Both requirement sets are mute on specification of PSD of the untested carrier, a detail that may be worth further discussion, perhaps as part of the Rel-16 TEI WI. The NC intra-band requirement however also includes special in-gap treatment that is not relevant for any of the existing inter-band combinations, all of which involve non-overlapping and non-adjacent bands. 
We therefore continue to propose [1] using IBM inter-CA requirements for CBM UEs. 
2.2.4	Max. input power requirement
This requirement may be more relevant as a design goal rather than a compliance parameter, given the current state of the art of test setups. Recall that the intra-band CA requirement applies for the ‘beam peak direction’ which is not generally the same for both-bands in the case of multi-chain CBM UEs. Recall also that the IBM inter-band requirement does not provide equal PSDs during test, as would be required for single-chain CBM UEs. 
The CBM requirement is best constructed by adopting the intra-band requirement (which ensures equal PSD, requirement applied to power over all DLCCs) but generalized to allow beam peak direction to be chosen per the band being tested. See spec-wording in the CR proposal at the end of this contribution. It is easily verified that neither multi-chain nor single-chain UEs are precluded by this proposed requirement.
2.2.5	Summary: Proposed requirements for CBM UEs
Our view on CBM inter-DLCA requirements is summarized in tabulated form below.
	Requirement:
	Proposed unified requirements for CBM UEs
	Justification and notes

	REFSENS
	Based on IBM inter-band CA, min. PSD difference (*)
	· Intra-band type requirement for REFSENS cannot be used, it would force both bands to share direction for REFSENS testing, which is too restrictive for multi-chain CBM UEs 
· DRIB,p  from IBM is reasonable upper bound for all CBM due to link budget reasons

	EIS Spherical Coverage
	Based on IBM inter-band CA, min. PSD difference (*) 
	· Intra-band CA argument to skip common spherical coverage check cannot be used due to multi-chain CBM UEs’ dependence on inter-band beam mapping
· DRIB,s from IBM is reasonable upper bound for all CBM due to link budget reasons

	ACS/IBB
	Based on IBM inter-band CA
	· Intra-band contiguous presumes same Rx beam peak direction
· Intra-band non-contiguous in-gap treatment is not relevant

	Max. Input Power
	Based on intra-band DL CA, diff. beam peak directions allowed (**)
	· DL power is quantified as a sum of all DL CCs
· PSD condition of test accommodates both implementations


	(*)
	‘minimized PSD difference’
	· Conducted domain PSD difference between both bands minimized for each AoA by simultaneously achieving sensitivity throughput condition (>= 95% max.) in both bands for that AoA.

	(**)
	‘diff. beam peak directions allowed’
	· Requirement is changed to apply per band so each band can have a unique beam peak direction 



The proposals are incorporated in CR form in section 5 of this contribution. Test skipping rules can be added after further discussion.
3. 	Conclusion
Proposal 1: CBM inter-band CA requirements apply per-band with the BMRS configured in any one of the participating bands.
Observation 1: The ‘simultaneous sensitivity’ condition ensures the lowest PSD difference between the bands in the conducted domain. 
Proposal 2: For CBM sensitivity requirements, adopt ‘simultaneous sensitivity’ for both bands under test at each AoA.
Proposal 3: 
	Requirement:
	Proposed unified requirements for CBM UEs

	REFSENS
	Based on IBM inter-band CA, min. PSD difference (*)

	EIS Spherical Coverage
	Based on IBM inter-band CA, min. PSD difference (*) 

	ACS/IBB
	Based on IBM inter-band CA

	Max. Input Power
	Based on intra-band DL CA, but diff. beam peak directions allowed (**)


(*) PSD difference between both bands is minimized for each AoA by simultaneously achieving sensitivity throughput condition (>= 95% max.) in both bands for that AoA.
(**) throughput criterion evaluated per band so each band can have a unique beam peak direction
The proposals are incorporated in CR form in section 5 of this contribution.
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[bookmark: _Toc21340712][bookmark: _Toc29805159][bookmark: _Toc36456368][bookmark: _Toc36469466][bookmark: _Toc37253875][bookmark: _Toc37322732][bookmark: _Toc37324138][bookmark: _Toc45889661][bookmark: _Toc52196315][bookmark: _Toc52197295][bookmark: _Toc53173018][bookmark: _Toc53173387]3.1	Definitions
[bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK8]For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].
Aggregated Channel Bandwidth: The RF bandwidth in which a UE is configured to transmit and receive multiple contiguously aggregated carriers.
Bidirectional spectrum: UL/DL common spectrum in which the UE supports the configuration of uplink or downlink CCs.
Beam correspondence: the ability of the UE to select a suitable beam for UL transmission based on DL measurements with or without relying on UL beam sweeping.
Beam management reference signal: The DL signal designated by the network for the UE to make measurements on for the purpose of selecting its DL beam(s). 
Carrier aggregation: Aggregation of two or more component carriers in order to support wider transmission bandwidths.
Carrier aggregation band: A set of one or more operating bands across which multiple carriers are aggregated with a specific set of technical requirements.
Carrier aggregation bandwidth class: A class defined by the aggregated transmission bandwidth configuration and maximum number of component carriers supported by a UE.
Carrier aggregation configuration: A combination of CA operating band(s) and CA bandwidth class(es) supported by a UE.
NOTE:	Carriers aggregated in each band can be contiguous or non-contiguous.
CBM (Common Beam Management): A UE that supports inter-band CA with CBM selects its DL Rx beam(s) for all CCs in all configured bands based on DL measurements made in the only CC configured with the reference signal for beam management.
EIRP(Link=Link angle, Meas=Link angle): measurement of the UE such that the link angle is aligned with the measurement angle. EIRP (indicator to be measured) can be replaced by EIS, Frequency, EVM, carrier Leakage, In-band eission and OBW. 
EIRP(Link=TX beam peak direction, Meas=Link angle): measurement of the EIRP of the UE such that the measurement angle is aligned with the beam peak direction within an acceptable measurement error uncertainty. EIRP (indicator to be measured) can be replaced by Frequency, EVM, carrier Leakage, In-band eission and OBW
EIRP(Link=Spherical coverage grid, Meas=Link  angle): measurement of the EIRP spherical coverage of the UE such that the EIRP link and measurement angles are aligned with the directions along the spherical coverage grid within an acceptable measurement error uncertainty. Alternatively, the spherical coverage grid can be replaced by the beam peak search grid as the results from the beam peak search can be re-used for spherical coverage. 
EIS (effective isotropic sensitivity): sensitivity for an isotropic directivity device equivalent to the sensitivity of the discussed device exposed to an incoming wave from a defined AoA
EIS(Link=RX beam peak direction, Meas=Link angle): measurement of the EIS of the UE such that the measurement angle is aligned with the RX beam peak direction within an acceptable measurement error uncertainty. 
NOTE 1:	The sensitivity is the minimum received power level at which specific requirement is met.
NOTE 2:	Isotropic directivity is equal in all directions (i.e. 0 dBi).
Fallback group: Group of carrier aggregation bandwidth classes for which it is mandatory for a UE to be able to fallback to lower order CA bandwidth class configuration. It is not mandatory for a UE to be able to fallback to lower order CA bandwidth class configuration that belong to a different fallback group
[bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: _Hlk70520000]IBM (Independent Beam Management): A UE that supports inter-band CA with IBM selects its DL Rx beam(s) for all CCs in each configured band based on DL reference signals measurements made in that band.
Inter-band carrier aggregation: Carrier aggregation of component carriers in different operating bands.
NOTE:	Carriers aggregated in each band can be contiguous or non-contiguous.
Intra-band contiguous carrier aggregation: Contiguous carriers aggregated in the same operating band.
Intra-band non-contiguous carrier aggregation: Non-contiguous carriers aggregated in the same operating band.
Link angle: a DL-signal AoA from the view point of the UE, as described in Annex J. If the beam lock function is used to lock the UE beam(s), the link angle can become any arbitrary AoA once the beam lock has been activated.
Measurement angle: the angle of measurement of the desired metric from the view point of the UE, as described in Annex J
radiated interface boundary: operating band specific radiated requirements reference point where the radiated requirements apply
radiated requirements reference point: for the RF measurement setup, the radiated requirements reference point is located at the centre of the quiet zone. From the UE perspective the reference point is the input of the UE antenna array
RX beam peak direction: direction where the maximum total component of RSRP and thus best total component of EIS is found
Sub-block: This is one contiguous allocated block of spectrum for transmission and reception by the same UE. There may be multiple instances of sub-blocks within an RF bandwidth.
TX beam peak direction: direction where the maximum total component of  EIRP is found
TRP(Link=TX beam peak direction, Meas=TRP grid): measurement of the TRP of the UE such that the measurement angles are aligned with the directions of the TRP grid points within an acceptable measurement uncertainty while the link angle is aligned with the TX beam peak direction 
NOTE:	For requirements based on EIRP/EIS, the radiated interface boundary is associated to the far-field region
UE transmission bandwidth configuration: Set of resource blocks located within the UE channel bandwidth which may be used for transmitting or receiving by the UE.
Vehicular UE: A UE embedded in a vehicle
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[bookmark: _Toc21340724][bookmark: _Toc29805171][bookmark: _Toc36456380][bookmark: _Toc36469478][bookmark: _Toc37253887][bookmark: _Toc37322744][bookmark: _Toc37324150][bookmark: _Toc45889673][bookmark: _Toc52196327][bookmark: _Toc52197307][bookmark: _Toc53173030][bookmark: _Toc53173399][bookmark: _Toc61119388][bookmark: _Toc61119770]5.2A.2	Inter-band CA
NR inter-band carrier aggregation is designed to operate in the operating bands defined in Table 5.2A.2-1, where all operating bands are within FR2. 
Beam management type is according to UE capability declaration IE beamManagementType-r16. The requirements in the following clauses are only applicable to inter-band CA with IBM type.
Table 5.2A.2-1: Inter-band CA operating bands in FR2
	NR CA Band
	NR Band
(Table 5.2-1)

	CA_n260-n261
	n260, n261

	CA_n258-n260
	n258, n260

	CA_n260-n261
	n260, n261
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[bookmark: _Toc21340951][bookmark: _Toc29805399][bookmark: _Toc36456608][bookmark: _Toc36469706][bookmark: _Toc37254115][bookmark: _Toc37322974][bookmark: _Toc37324380][bookmark: _Toc45889903][bookmark: _Toc52196578][bookmark: _Toc52197558][bookmark: _Toc53173281][bookmark: _Toc53173650][bookmark: _Toc61119652][bookmark: _Toc61120034]7.3A.2	Reference sensitivity power level for CA
[bookmark: _Toc21340952][bookmark: _Toc29805400][bookmark: _Toc36456609][bookmark: _Toc36469707][bookmark: _Toc37254116][bookmark: _Toc37322975][bookmark: _Toc37324381][bookmark: _Toc45889904][bookmark: _Toc52196579][bookmark: _Toc52197559][bookmark: _Toc53173282][bookmark: _Toc53173651][bookmark: _Toc61119653][bookmark: _Toc61120035]7.3A.2.1	Intra-band contiguous CA
For each component carrier in the intra-band contiguous carrier aggregation, the throughput in QPSK R = 1/3 shall be ≥ 95 % of the maximum throughput of the reference measurement channels as specified in Annexes A.2.3.2 and A.3.3.2 (with one sided dynamic OCNG Pattern OP.1 TDD for the DL-signal as described in Annex A.5.2.1) with peak reference sensitivity values determined from clause 7.3.2, and relaxation applied  to peak reference sensitivity requirement as specified in Table 7.3A.2.1-1.
Table 7.3A.2.1-1: EIS Relaxation for CA operation by aggregated channel bandwidth
	Aggregated Channel BW 'BWChannel_CA' (MHz)
	(dB)

	BWChannel_CA ≤ 800
	0.0

	800 < BWChannel_CA ≤ 1200
	0.5



7.3A.2.2	Intra-band non-contiguous CA
For each component carrier in the intra-band non-contiguous carrier aggregation, the throughput shall be ≥ 95 % of the maximum throughput of the reference measurement channels as specified in Annexes A.2.3.2 and A.3.3.2 (with one sided dynamic OCNG Pattern OP.1 TDD for the DL-signal as described in Annex A.5.2.1) with peak reference sensitivity values determined from clause 7.3.2, and relaxation applied to peak reference sensitivity requirement as specified in Table 7.3A.2.2-1. The configured downlink spectrum is defined as the frequency band from the lowest edge of the lowest CC to the upper edge of the highest CC of all UL and DL configured CCs.
Table 7.3A.2.2-1: EIS Relaxation for CA operation
	Configured DL spectrum (MHz)
	 (dB)

	≤ 800
	0.0

	> 800 and ≤ 1400
	0.5

	> 1400 and ≤ 2400
	1.5



[bookmark: _Toc52196580][bookmark: _Toc52197560][bookmark: _Toc53173283][bookmark: _Toc53173652][bookmark: _Toc61119654][bookmark: _Toc61120036]7.3A.2.3	Inter-band CA
The inter-band requirement applies for all active component carriers. The throughput for each component carrier shall be ≥ 95 % of the maximum throughput of the reference measurement channels as specified in Annexes A.2.3.2 and A.3.3.2 (with one sided dynamic OCNG Pattern OP.1 TDD for the DL-signal as described in Annex A.5.2.1) with peak reference sensitivity for each carrier specified in section 7.3.2, and relaxation ΔRIB,P,n applied  to peak reference sensitivity requirement. ΔRIB,P,n is specified in Table 7.3A.2.3-1. 
For UEs that support inter-band CA with IBM, theThe requirement on each component carrier shall be met when the power in the component carrier in the other band is set to its EIS spherical coverage requirement for inter-band CA specified in sub-clause 7.3A.3.3. 
For UEs that support inter-band CA with CBM, the requirement on each component carrier shall be met when the power in the component carrier in the other band is reduced as much as possible while maintaining its throughput also at ≥ 95 % of the maximum throughput of the reference measurement channel used during test. The requirement applies for each of the two possible locations of the beam management reference signal: when it is configured in the band being tested, and when it is configured in the other band.
For the combination of intra-band and inter-band carrier aggregation, the intra-band CA relaxation, ΔRIB, is also applied according to the clause 7.3A.2.1 and 7.3A.2.2.
[bookmark: _Hlk31890999]Table 7.3A.2.3-1: ΔRIB reference sensitivity relaxation for inter-band CA for power class 3
	NR CA band combinations
	NR band
	ΔRIB,P,n (dB)

	CA_n257-n259
	n257
	4.0

	
	n259
	4.0

	CA_n258-n260
	n258
	3.5

	
	n260
	3.5

	CA_n260-n261
	n260
	3.5

	
	n261
	3.5
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[bookmark: _Toc52196581][bookmark: _Toc52197561][bookmark: _Toc53173284][bookmark: _Toc53173653][bookmark: _Toc61119655][bookmark: _Toc61120037]7.3A.3	EIS spherical coverage for DL CA
[bookmark: _Toc52196582][bookmark: _Toc52197562][bookmark: _Toc53173285][bookmark: _Toc53173654][bookmark: _Toc61119656][bookmark: _Toc61120038]7.3A.3.1	Void
[bookmark: _Toc52196583][bookmark: _Toc52197563][bookmark: _Toc53173286][bookmark: _Toc53173655][bookmark: _Toc61119657][bookmark: _Toc61120039]7.3A.3.2	Void
[bookmark: _Toc52196584][bookmark: _Toc52197564][bookmark: _Toc53173287][bookmark: _Toc53173656][bookmark: _Toc61119658][bookmark: _Toc61120040]7.3A.3.3	EIS spherical coverage for inter-band CA
The inter-band CA requirement applies per operating band, for all active component carriers with UL assigned to one band and one DL component carrier per band. 
For UEs that support inter-band CA with IBM, the The requirement on each component carrier shall be met when the power in the component carrier in the other band is set to its EIS spherical coverage requirement for inter-band CA specified in this sub-clause.
For UEs that support inter-band CA with CBM, the requirement on each component carrier shall be met when the power in the component carrier in the other band is reduced as much as possible while maintaining its throughput also at ≥ 95 % of the maximum throughput of the reference measurement channel used during test. The requirement applies for each of the two possible locations of the beam management reference signal: when it is configured in the band being tested, and when it is configured in the other band.
The inter-band CA spherical coverage requirement for each power class will be satisfied if the intersection set of spherical coverage areas exceeds the common coverage requirement. Intersection set of spherical coverage areas is defined as a fraction of area of full sphere measured around the UE where both bands meet their defined individual EIS spherical coverage requirements for inter-band CA operation. The common coverage requirement is determined as <100-percentile rank> %, where ‘percentile rank’ is the percentile value in the specification of spherical coverage for that power class from clause 7.3.4.The requirement is verified with the test metric of EIS (Link=Beam peak search grids, Meas=Link angle).
The reference measurement channels and throughput criterion shall be as specified in clause 7.3A.2.3. The requirement shall be met for an uplink transmission using QPSK DFT-s-OFDM waveforms and for uplink transmission bandwidth less than or equal to that specified in clause 7.3.2.
Unless otherwise specified, the minimum requirements for reference sensitivity shall be verified with the network signalling value NS_200 (Table 6.2.3.1-1) configured. 
The required spherical coverage EIS for each band in inter-band CA operation is given in clause 7.3.4 and modified by ΔRIB,S,n. The value of ∆RIB,S,n is defined in Table 7.3A.3.3-1.
Table 7.3A.3.3-1: ΔRIB,S,n EIS spherical coverage requirement relaxation for inter-band CA for power class 3
	NR CA band combination
	NR band
	ΔRIB,S,n (dB)

	CA_n257-n259
	n257
	3.5

	
	n259
	3.5

	CA_n258-n260
	n258
	3.5

	
	n260
	3.5

	CA_n260-n261
	n260
	3.5

	
	n261
	3.5
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[bookmark: _Toc21340955][bookmark: _Toc29805403][bookmark: _Toc36456612][bookmark: _Toc36469710][bookmark: _Toc37254119][bookmark: _Toc37322978][bookmark: _Toc37324384][bookmark: _Toc45889907][bookmark: _Toc52196587][bookmark: _Toc52197567][bookmark: _Toc53173290][bookmark: _Toc53173659][bookmark: _Toc61119661][bookmark: _Toc61120043]7.4A	Maximum input level for DL CA
Table 7.4A-1: Void
Table 7.4A-2: Void
[bookmark: _Toc37254120][bookmark: _Toc37322979][bookmark: _Toc37324385][bookmark: _Toc45889908][bookmark: _Toc52196588][bookmark: _Toc52197568][bookmark: _Toc53173291][bookmark: _Toc53173660][bookmark: _Toc61119662][bookmark: _Toc61120044][bookmark: _Hlk32425289]7.4A.1	Maximum input level for Intra-band contiguous CA
For intra-band contiguous carrier aggregation the input level is defined as the cumulative received power, summed over the transmission bandwidth configurations of each active DL CC. All DL CCs shall be active throughout the test. The input power shall be distributed among the active DL CCs so their PSDs are aligned with each other. At the maximum input level, the specified relative throughput shall meet or exceed the minimum requirements for the specified reference measurement channel over each component carrier. The minimum requirement is specified in Table 7.4A-1.
The maximum input level is defined as a directional requirement. The requirement is verified in beam locked mode in the direction where peak gain is achieved. The requirement is verified with the test metric of EIS (Link=RX beam peak direction, Meas=Link angle).
Table 7.4A.1-1: Maximum input level for Intra-band contiguous CA
	Rx Parameter
	Units
	Level

	Power summed over transmission bandwidth configurations of all active DL CCs
	dBm
	-25 (NOTE 2)
-27 (NOTE 3)

	NOTE 1:	The transmitter shall be set to 4 dB below the PUMAX,f,c as defined in clause 6.2.4, with uplink configuration specified in Table 7.3.2.1-2
NOTE 2:	Reference measurement channel in each CC is specified in Annex A.3.3.2: QPSK, R=1/3 variant with one sided dynamic OCNG Pattern as described in Annex A. 
NOTE 3:	Reference measurement channel is specified in Annex A.3.3.5: 256QAM, R=4/5 variant with one sided dynamic OCNG Pattern as described in Annex A.



[bookmark: _Toc37254121][bookmark: _Toc37322980][bookmark: _Toc37324386][bookmark: _Toc45889909][bookmark: _Toc52196589][bookmark: _Toc52197569][bookmark: _Toc53173292][bookmark: _Toc53173661][bookmark: _Toc61119663][bookmark: _Toc61120045]7.4A.2	Maximum input level for Intra-band non-contiguous CA
For intra-band non-contiguous carrier aggregation the requirement of section 7.4A.1 applies
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For UEs that support inter-band carrier aggregation with IBM with one component carrier per operating band and the uplink assigned to one NR band, the maximum input level is defined with the uplink active on the band other than the band whose downlink is being tested. The UE shall meet the requirements specified in clause 7.4 for each component carrier while all downlink carriers are active.
For UEs that support inter-band CA with CBM, the requirement specified in clause 7.4A.1 applies per component carrier, with one component carrier per operating band. The verification direction is where peak gain is achieved by the carrier being tested. The requirement applies for each of the two possible locations of the beam management reference signal: when it is configured in the band being tested, and when it is configured in the other band. 


< end of changes >


< start of changes >
[bookmark: _Toc21339506][bookmark: _Toc29804723][bookmark: _Toc36548293][bookmark: _Toc37253511][bookmark: _Toc37253843][bookmark: _Toc37321614][bookmark: _Toc45889913][bookmark: _Toc52196593][bookmark: _Toc52197573][bookmark: _Toc53173296][bookmark: _Toc53173665][bookmark: _Toc61119667][bookmark: _Toc61120049][bookmark: _Toc37253512][bookmark: _Toc37253844][bookmark: _Toc37321615]7.5A	Adjacent channel selectivity for DL CA
Table 7.5A-1: Void
Table 7.5A-2: Void
Table 7.5A-3: Void
[bookmark: _Toc45889914][bookmark: _Toc52196594][bookmark: _Toc52197574][bookmark: _Toc53173297][bookmark: _Toc53173666][bookmark: _Toc61119668][bookmark: _Toc61120050]7.5A.1	Adjacent channel selectivity for Intra-band contiguous CA
For intra-band contiguous carrier aggregation, the SCC(s) shall be configured at nominal channel spacing to the PCC. The input power shall be distributed among the active DL CCs so their PSDs are aligned with each other. The UE shall fulfil the minimum requirement specified in Table 7.5A.1-1 for an adjacent channel interferer on either side of the aggregated downlink signal at a specified frequency offset and for an interferer power up to -25 dBm.
The throughput of each carrier shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.3.2 and A.3.3.2 (with one sided dynamic OCNG Pattern OP.1 TDD for the DL-signal as described in Annex A.5.2.1). The requirement is verified with the test metric of EIS (Link=RX beam peak direction, Meas=Link angle).
Table 7.5A.1-1: Adjacent channel selectivity for intra-band contiguous CA
	Operating band
	Units
	Adjacent channel selectivity / CA bandwidth class

	
	
	All CA bandwidth class

	n257, n258, n261
	dB
	23

	n259, n260, n262
	dB
	22



Table 7.5A.1-2: Adjacent channel selectivity test parameters for intra-band contiguous CA, Case 1
	Rx Parameter
	Units 
	All CA bandwidth Classes

	Pw in Transmission Bandwidth Configuration, per CC
	
	REFSENS + 14 dB

	PInterferer for band n257, n258, n261
	dBm
	Aggregated power + 21.5

	PInterferer for band n259, n260, n262
	dBm
	Aggregated power + 20.5

	BWInterferer
	MHz
	BWChannel_CA

	FInterferer (offset)
	MHz
	
+ BWchannel CA
/
- BWchannel CA

NOTE 3


	
	
	

	
	
	

	NOTE 1:	The interferer consists of the Reference measurement channel specified in Annex        3.2 with one sided dynamic OCNG Pattern as described in Annex A and set-up according to Annex C.
NOTE 2:	The Finterferer (offset) is the frequency separation between the center of the aggregated CA bandwidth and the center frequency of the Interferer signal
NOTE 3:	The absolute value of the interferer offset FInterferer (offset) shall be further adjusted to (CEIL(|FInterferer|/SCS) + 0.5)*SCS MHz with SCS the sub-carrier spacing of the carrier closest to the interferer in MHz. The interfering signal has the same SCS as that of the closest carrier.
NOTE 4:	The transmitter shall be set to 4 dB below the PUMAX,f,c as defined in clause 6.2.4, with uplink configuration specified in Table 7.3.2.1-2.



Table 7.5A.1-3: Adjacent channel selectivity test parameters for intra-band contiguous CA, Case 2
	Rx Parameter
	Units 
	All CA bandwidth classes

	Pw in Transmission Bandwidth Configuration, aggregated power for band n257, n258, n261
	dBm
	- 46.5

	Pw in Transmission Bandwidth Configuration, aggregated power for band n259, n260, n262
	dBm
	- 45.5

	Pinterferer
	dBm
	- 25

	BWInterferer
	MHz
	BWChannel_CA

	FInterferer (offset)
	MHz
	+ BWchannel CA
/
- BWchannel CA

NOTE 3

	
	
	

	
	
	

	NOTE 1:	The interferer consists of the Reference measurement channel specified in Annex     A.3.3.2 with one sided dynamic OCNG Pattern OP.1 TDD as described in Annex A.5.2.1 and set-up according to Annex C.
NOTE 2:	The Finterferer (offset) is the frequency separation between the center of the aggregated CA bandwidth and the center frequency of the Interferer signal
NOTE 3:	The absolute value of the interferer offset FInterferer (offset) shall be further adjusted to (CEIL(|FInterferer|/SCS) + 0.5)*SCS MHz with SCS the sub-carrier spacing of the carrier closest to the interferer in MHz. The interfering signal has the same SCS as that of the closest carrier.
NOTE 4:	The transmitter shall be set to 4 dB below the PUMAX,f,c as defined in clause 6.2.4, with uplink configuration specified in Table 7.3.2.1-2.
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For intra-band non-contiguous carrier aggregation with two component carriers, two different requirements apply for out-of-gap and in-gap. For out-of-gap, the UE shall meet the requirements for each component carrier as specified in clauses 7.5. For in-gap, the requirement applies if the following minimum gap condition is met:
∆fACS ≥ BW1/2 + BW2/2 + max(BW1, BW2),
where ∆fACS  is the frequency separation between the center frequencies of the component carriers and BWk are the channel bandwidths of carrier k, k = 1,2.
If the minimum gap condition is met, the UE shall meet the requirements specified in clauses 7.5 for each component carrier considered. The respective channel bandwidth of the component carrier under test will be used in the parameter calculations of the requirement. In case of more than two component carriers, the minimum gap condition is computed for any pair of adjacent component carriers following the same approach as the two component carriers. The in-gap requirement for the corresponding pairs shall apply if the minimum gap condition is met.
For every component carrier to which the requirements apply, the UE shall meet the requirement with one active interferer signal (in-gap or out-of-gap) while all downlink carriers are active and the input power shall be distributed among the active DL CCs so their PSDs are aligned with each other.
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For inter-band carrier aggregation with one component carrier per operating band and the uplink assigned to one NR band, the adjacent channel requirements are defined with the uplink active on the band other than the band whose downlink is being tested. The the UE shall meet the requirements specified in clause 7.5 for each component carrier while all downlink carriers are active.
For UEs that support inter-band CA with IBM, the requirement is defined with the uplink active on the band other than the band whose downlink is being tested.
For UEs that support inter-band CA with CBM, the requirement applies for each of the two possible locations of the beam management reference signal: when it is configured in the band being tested, and when it is configured in the other band. 
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[bookmark: _Toc21340966][bookmark: _Toc29805414][bookmark: _Toc36456623][bookmark: _Toc36469721][bookmark: _Toc37254136][bookmark: _Toc37322994][bookmark: _Toc37324400][bookmark: _Toc45889924][bookmark: _Toc52196604][bookmark: _Toc52197584][bookmark: _Toc53173307][bookmark: _Toc53173676][bookmark: _Toc61119678][bookmark: _Toc61120060]7.6A.2	In-band blocking
Table 7.6A.2-1: Void
Table 7.6A.2-2: Void
7.6A.2.1	In-band blocking for Intra-band contiguous CAFor intra-band contiguous carrier aggregation, the SCC(s) shall be configured at nominal channel spacing to the PCC. The input power shall be distributed among the active DL CCs so their PSDs are aligned with each other. The UE shall fulfil the minimum requirement specified in Table 7.6A.2-1 for in the presence of an interferer at a given frequency offset from the centre frequency of the assigned channel and an interferer power shall not exceed -25 dBm. The throughput of each carrier shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.3.2 and A.3.3.2 (with one sided dynamic OCNG Pattern OP.1 TDD for the DL-signal as described in Annex A.5.2.1). The requirement is verified with the test metric of EIS (Link=RX beam peak direction, Meas=Link angle).
Table 7.6A.2.1-1: In band blocking minimum requirements for intra-band contiguous CA
	Rx Parameter
	Units
	All CA bandwidth classes

	Power in Transmission Bandwidth Configuration, per CC
	
	REFSENS + 14 dB

	Pinterferer for band n257, n258, n261
	dBm
	Aggregated power + 21.5

	Pinterferer for band n260, n262
	dBm
	Aggregated power + 20.5

	BWInterferer 
	MHz
	BWChannel_CA

	FIoffset
	MHz
	
+2*BWChannel_CA / -2*BWChannel_CA

NOTE 5


	FInterferer 
	MHz
	FDL_low + 0.5*BWChannel_CA
To
FDL_high - 0.5*BWChannel_CA

	
	
	

	
	
	

	NOTE 1:	The interferer consists of the Reference measurement channel specified in Annex A.3.3.2 with one sided dynamic OCNG Pattern OP.1 TDD as described in Annex A.5.2.1. and set-up according to Annex C.
NOTE 2:	The REFSENS power level is specified in Table 7.3.2-1.
NOTE 3:	The wanted signal consists of the reference measurement channel specified in Annex A.3.3.2 QPSK, R=1/3 with one sided dynamic OCNG pattern OP.1 TDD as described in Annex A.5.2.1 and set-up according to Annex C.
NOTE 4:	The FInterferer (offset) is the frequency separation between the center of the aggregated CA bandwidth and the center frequency of the Interferer signal.
NOTE 5:	The absolute value of the interferer offset FInterferer (offset) shall be further adjusted to (CEIL(|FInterferer|/SCS) + 0.5)*SCS  MHz with SCS the sub-carrier spacing of the carrier closest to the interferer in MHz. The interfering signal has the same SCS as that of the closest carrier.
NOTE 6:	FInterferer range values for unwanted modulated interfering signals are interferer center frequencies.
NOTE 7:	The transmitter shall be set to 4 dB below the PUMAX,f,c as defined in clause 6.2.4, with uplink configuration specified in Table 7.3.2.1-2.
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For intra-band non-contiguous carrier aggregation with two component carriers, the requirement applies to out-of-gap and in-gap. For out-of-gap, the UE shall meet the requirements for each component carrier with parameters as specified in 7.6.2-1. The requirement associated to the maximum channel between across the component carriers is selected. For in-gap, the requirement shall apply if the following minimum gap condition is met:
∆fIBB ≥ 0.5(BW1 + BW2) + 2 max(BW1, BW2),
where ∆fIBB is the frequency separation between the center frequencies of the component carriers and BWk are the channel bandwidths of carrier k, k = 1,2.
If the minimum gap condition is met, the UE shall meet the requirement specified in Table 7.6.2-1 for each component carrier. The respective channel bandwidth of the component carrier under test will be used in the parameter calculations of the requirement.  In case of more than two component carriers, the minimum gap condition is computed for any pair of adjacent component carriers following the same approach as the two component carriers. The in-gap requirement for the corresponding pairs shall apply if the minimum gap condition is met. For every component carrier to which the requirements apply, the UE shall meet the requirement with one active interferer signal (in-gap or out-of-gap) while all downlink carriers are active and the input power shall be distributed among the active DL CCs so their PSDs are aligned with each other.
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For inter-band carrier aggregation with one component carrier per operating band and the uplink assigned to one NR band, the in-band blocking requirements are defined with the uplink active on the band other than the band whose downlink is being tested. The UE shall meet the requirements specified in clause 7.6.2 for each component carrier while all downlink carriers are active.
For UEs that support inter-band CA with IBM, the requirement is defined with the uplink active on the band other than the band whose downlink is being tested.
For UEs that support inter-band CA with CBM, the requirement applies for each of the two possible locations of the beam management reference signal: when it is configured in the band being tested, and when it is configured in the other band. 
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