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1	Introduction
RAN4 has defined FR2 downlink CA UE RF requirements for one CA configuration CA_n260A-n261A based on independent beam management in REL16.
For CBM REL17 WI has following objectives
· Study and if feasible define UE requirements for CBM between different freq. groups (e.g. 28GHz + 37GHz)
· Define UE requirements for inter-band CA within the same freq. group (e.g. 28GHz + 28GHz) for common beam management (CBM) based on requested band combinations. Evaluate performance impact based on deployment conditions and design constraints, including outcome of MRTD requirement if any.
In this contribution we discuss what are the possible differences in terms of requirements between IBM and CBM UE.
Here we are re-capturing WF from last RAN4 meeting and agreements that are relevant to this contribution.
R4-2016915    WF on Applicability of CBM/IBM for different CA    Samsung [1]
· FFS whether CBM can only support CA configurations within same frequency group
· on “frequency group”
· “	frequency group” term shall not be defined in specification
· on applicability of CBM/IBM requirements
· If either CBM or IBM is concluded as infeasible for certain band combinations, it is reasonable to clearly state in the spec that only the requirements of feasible BM apply to these band combinations. If both CBM and IBM are concluded as feasible for certain band combinations, IBM/CBM is up to UE’s capability.
· on applicability of CBM/IBM capability
· Detailed approach to justify applicability of CBM capability is TBD. Further discuss approaches including Fs,inter parameter in next meeting.
· Further study whether and/or how frequency separation class is introduced for inter-band CA based on CBM and IBM
R4-2016917	WF on UE requirements for CA configurations within the same frequency group based on CBM
· WF on UE requirements for CA configurations within the same frequency group based on CBM
· Whether Spherical coverage requirement is defined for FR2 inter-band CA CBM band pairs FFS
· For FR2 inter-band CA define at least peak EIS requirement for CBM band pair for inter-band DL CA
2	Discussion
2.1	Current requirements
In Rel-16 following requirements were defined for CA_n260-n261 based on IBM.
[bookmark: _Toc21340951][bookmark: _Toc29805399][bookmark: _Toc36456608][bookmark: _Toc36469706][bookmark: _Toc37254115][bookmark: _Toc37322974][bookmark: _Toc37324380][bookmark: _Toc45889903][bookmark: _Toc52196578][bookmark: _Toc52197558][bookmark: _Toc53173281][bookmark: _Toc53173650]7.3A.2	Reference sensitivity power level for CA
[bookmark: _Toc52196580][bookmark: _Toc52197560][bookmark: _Toc53173283][bookmark: _Toc53173652]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. 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 sub-clause 7.3A.3.3.
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 bands
	NR band
	ΔRIB,P,n (dB)

	CA_n260-n261
	n260
	3.5

	
	n261
	3.5



[bookmark: _Toc52196581][bookmark: _Toc52197561][bookmark: _Toc53173284][bookmark: _Toc53173653]7.3A.3	EIS spherical coverage for DL CA
[bookmark: _Toc52196582][bookmark: _Toc52197562][bookmark: _Toc53173285][bookmark: _Toc53173654]7.3A.3.1	Void
[bookmark: _Toc52196583][bookmark: _Toc52197563][bookmark: _Toc53173286][bookmark: _Toc53173655]7.3A.3.2	Void
[bookmark: _Toc52196584][bookmark: _Toc52197564][bookmark: _Toc53173287][bookmark: _Toc53173656]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. 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.
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. 
[bookmark: _Hlk59095902]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 bands
	NR band
	ΔRIB,S,n (dB)

	CA_n260-n261
	n260
	[3.5]

	
	n261
	[3.5]



[bookmark: _Toc21343112][bookmark: _Toc29770078][bookmark: _Toc29799577][bookmark: _Toc37254122][bookmark: _Toc37322981][bookmark: _Toc37324387][bookmark: _Toc45889910][bookmark: _Toc52196590][bookmark: _Toc52197570][bookmark: _Toc53173293][bookmark: _Toc53173662][bookmark: _Hlk51960226]7.4A.3	Maximum input level for Inter-band CA
For inter-band carrier aggregation 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.
[bookmark: _Toc37322986][bookmark: _Toc37324392][bookmark: _Toc45889916][bookmark: _Toc52196596][bookmark: _Toc52197576][bookmark: _Toc53173299][bookmark: _Toc53173668]7.5A.3	Adjacent channel selectivity for Inter-band CA
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 UE shall meet the requirements specified in clause 7.5 for each component carrier while all downlink carriers are active.
[bookmark: _Toc37254138][bookmark: _Toc37322996][bookmark: _Toc37324402][bookmark: _Toc45889926][bookmark: _Toc52196606][bookmark: _Toc52197586][bookmark: _Toc53173309][bookmark: _Toc53173678]7.6A.2.3	In-band blocking for Inter-band CA
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.
2.2	How to set requirements for CBM UE
Maximum input level, ACS and in-band blocking requirements are all defined in similar manner where the uplink is in the other band than the band which is tested. With this condition single band requirements apply. We do not see a need to have amendments for these cases due to CBM operation
Observation 1: Current maximum input level 7.4A.3, ACS 7.5A.3 and in-band blocking 7.6A.2.3 requirements can be re-used for CBM UE. 
Reference sensitivity requirement is defined so that the power level of the other band not being tested is set to the level of EIS spherical coverage requirement and the band being tested must meet the single band reference sensitivity requirement which is relaxed by an amount of ΔRIB. In case of CA_n260-n261 this leads to 14.3 dB power imbalance between band being tested and the other band being interferer when 50 MHz and 200 MHz channel bandwidths are being considered and to 17.3 dB if optional 400 MHz bandwidth is considered for aggressor. It is clear that CBM UE is not as capable of handling power imbalance between received carriers as IBM UE is thus some modifications seems to be necessary for CBM UE on how the reference sensitivity is defined,
Observation 2: Rel-16 reference sensitivity requirement including power imbalance may not be suitable for setting requirements for CBM UE. It is likely that the power imbalance needs to be reduced compared to requirements for IBM UE.
EIS spherical coverage for inter-band CA will be satisfied if the intersection set of spherical coverage areas exceeds the common coverage requirement which is 50% for PC3. The requirement on each band shall be met when the power in the component carrier in the other band is set to its EIS spherical coverage requirement and the required spherical coverage EIS for each band is relaxed by ΔRIB,S,n.
Current spherical coverage requirement is not suitable for CBM UE as it cannot steer beams independently. In fact in last meeting several companies were in a opinion that it is not necessary to define EIS spherical coverage requirement for CBM UE but in the end one company wanted to keep the topic FFS [2].
Observation 3: In REN4#97 most of the companies were in an opinion that EIS spherical coverage requirement is not necessary for CBM UE.
Furthermore, during previous RAN4 meeting peak EIS requirement for CBM band pair was discussed and it was agreed that for FR2 inter-band CA define at least peak EIS requirement for CBM band pair for inter-band DL CA [2]
Observation 4: It was agreed in RAN4#97 that for FR2 inter-band CA define at least peak EIS requirement for CBM band pair for inter-band DL CA
Similarly as for non-contiguous intraband CA there may be a need to have frequency separation class of capability or some kind of relaxation in case bands/CCs are far apart. From network point of view these kind of capabilities are not desirable as it makes UE management more complicated but on the other hand excessive relaxations are not good from system point of view.
Observation 5: It is likely that frequency separation class type of requirement is needed for CBM UE similarly as for non-contiguous intraband CA.
[bookmark: OLE_LINK53][bookmark: OLE_LINK54]3	Conclusion
In this contribution we have made following observations.
Observation 1: Current maximum input level 7.4A.3, ACS 7.5A.3 and in-band blocking 7.6A.2.3 requirements can be re-used for CBM UE. 
Observation 2: Rel-16 reference sensitivity requirement including power imbalance may not be suitable for setting requirements for CBM UE. It is likely that the power imbalance needs to be reduced compared to requirements for IBM UE.
[bookmark: _GoBack]Observation 3: In REN4#97 most of the companies were in an opinion that EIS spherical coverage requirement is not necessary for CBM UE.
Observation 4: It was agreed in RAN4#97 that for FR2 inter-band CA define at least peak EIS requirement for CBM band pair for inter-band DL CA
Observation 5: It is likely that frequency separation class type of requirement is needed for CBM UE similarly as for non-contiguous intraband CA.
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