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1.	Introduction
In this contribution, we present our views on FR2 inter-band DL CA, including proposals on requirements of sensitivity and other RX test cases, as well as some proposals related with UE beam management capabilities.
2. 	Discussion
2.1	Sensitivity requirements
In RAN4#100e meeting, it was agreed that CBM peak EIS and EIS spherical coverage requirements shall be based on IBM inter-band CA framework, and then further study on the requirement values and PSD difference [1]. In RAN4#101e meeting, it was agreed to specify delta_RIBs for each agreed band combination [2]:
a. n257+n259
b. [n258+n260]
c. n260+n261
For CBM, one of the main differences from IBM framework is the PSD difference setting. In IBM sensitivity requirements, non-equal PSD is specified. For CBM, however, similar PSD is required since CBM requirements should accommodate both single-chain and multiple-chain RF architecture. 
There was proposal to configure a fixed value as PSD difference e.g. 6dB. However, sensitivity test case is different from other RX test cases where fixed PSD could be configured. For sensitivity test, the measured EIS determines the practical PSD difference among test CC and untested CC. Depending on different UE performance, a fixed value of PSD difference could not be pre-defined; also depending on different AoAs in 3D EIS test, a fixed value of PSD difference is not feasible either because the EIS in each AoA is not predictable.
Observation 1:	a fixed value of PSD difference is not feasible for 3D EIS test.
Fixed value of PSD difference not feasible also means that exact equal PSD (0dB PSD difference) is not feasible for all AoAs. That’s the reason why equal PSD is not explicitly mentioned for intra-band CA sensitivity requirements. In 3D EIS test, “equal PSD” has to be normalized, i.e., CC1 and CC2 achieve sensitivity status simultaneously [3][4].
Proposal 1:	for CBM sensitivity requirements (peak EIS and EIS spherical coverage), adopt normalized equal PSD (CC1 and CC2 achieve sensitivity status simultaneously).
About the sensitivity requirement values, the delta_RIB value of IBM will be a useful reference for CBM for the same band combination. There are two factors affecting the value: different PSD setting and different beam management.
Though PSD setting is a little friendly for CBM, it does not mean there is no PSD difference impact. Depending on the measured EIS of each CC at any AoA, normalized equal PSD (simultaneous sensitivity) probably also leads to large PSD difference. 
Observation 2:	there is also PSD difference impact for CBM sensitivity requirements compared with single carrier requirements.
Beam management capability is more important factor. Current agreed CBM band combinations are all between frequency groups. It is quite challenging to achieve the same beam management performance as IBM. Compared with IBM, common beam management is an additional relaxation factor for CBM.
Based on above comparison analysis, it is reasonable to specify larger relaxation value for CBM than IBM.
Proposal 2:	the delta_RIBs of CBM should be larger than that of IBM for the same band combination.
2.2	Max input level
Max input level is different from sensitivity requirements in many aspects. The metric of max input level is throughput verification at fixed max downlink signal level, while metric of sensitivity is EIS verification at a varying downlink signal level. Max input level is only required at beam peak direction while sensitivity requirements are also feasible for spherical coverage.
Observation 3:	the metric of max input level is verified with throughput at beam peak direction for each CC
Max input level of IBM is the same as that of single carrier and is appicable per-band. For CBM, it is too stringent to apply single carrier requirement per-band for single chain architecture. RAN4 has agreed to specify CBM requirements applicable for both single chain and multi-chain architectures. To accommodate different architectures, some relaxation for CBM is needed. If max input level of CBM is to be defined and verified per-band, 3dB relaxation per-band is needed; if max input level of CBM is to be defined and verified as sum power of DL CCs among bands, the same requirement as single carrier apply.
Proposal 3:	down-select max input level requirements of CBM from following two alternatives:
· Alt1: If max input level of CBM is to be defined per-band, 3dB relaxation per-band is needed;
· Alt2: if max input level of CBM is to be defined as summed power of DL CCs among bands, the same requirement as single carrier apply.
2.3	ACS and IBB
For Adjacent Channel Selectivity and In Band Blocking, it is noticed that the single carrier requirements can be applied to inter-band CA per-band. However, there is exemption for in-gap case. 
For in-gap of FR2 intra-band CA, ACS 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.
For in-gap of FR2 intra-band CA, IBB 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.
It has been agreed that the in-gap exemption also apply for CBM inter-band CA, i.e., if the frequency separation is smaller than the minimum gap conditions as above equations for ACS and IBB respectively, then ACS and IBB requirements does not apply to the in-gap.
We have noticed that the in-gap exemption is not related with beam management, but depends on frequency separation and frequency groups. As long as the frequency of each CC is possible to be adjacent or overlapped, the in-gap exemption should be considered. RAN4 has agreed that IBM inter-band CA within same frequency group is also feasible, so the in-gap exemption should not be restricted to CBM only, but should be specified as a general requirements for FR2 inter-band CA.
Proposal 4:	in-gap exemption for ACS and IBB apply for FR2 inter-band CA no matter IBM or CBM.
2.4	Beam management capabilities and verification rule for ‘both’
RAN4 has defined three types of beam management capabilities, i.e., ‘ibm’, ‘cbm’ and ‘both’.
The definitions of IBM and CBM are as following:
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.
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.


As it can be seen, a UE-centric description is adopted in IBM and CBM definition. However, the beam management capabilities are per band combination capabilities as shown in TS 38.306
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It is not precluded that a UE supports different band combinations and some band combinations supporting IBM and others supporting CBM. So the current UE-centric definition of IBM and CBM are not so precise. It is recommended to refine the IBM and CBM definition to highlight the per-BC characteristics to avoid confusion.
Proposal 5:	refine the IBM and CBM definition to highlight the per-BC characteristics to avoid confusion.
RAN4 has agreed to introduce new beam management capability ‘both’ which means an inter-band CA combination supporting both IBM and CBM. Currently inter-band CA requirements are expected to be organized by IBM and CBM respectively, and it has also been agreed that both IBM requirements and CBM requirements apply to the band combinations supporting ‘both’. 
However, there is strong concern on test burden to verify two sets of requirements for the same band combination. Usually the RF requirements are aiming to verify UE’s hardware performance. But when UE requirements are diversified by numerous kinds of UE capabilities and the same UE are likely to support different capabilities, it is worthy to investigate the verification logic to eliminate unnecessary test from RAN4 point of view. There are many precedents in RAN4 by specifying a verification rule to decrease redundant test especially when the test cases are related with time-consuming 3D OTA testing, e.g. the beam correspondence test applicability rule specified in sub-clause 6.6.4.4 of TS 38.101-2.
As to RF requirements for UE supporting inter-band CA band combinations with ‘both’, if the more stringent requirements have been satisfied with the more difficult beam management capability, then it is reasonable not to verify the same test case with easier beam management capability again.
Observation 4:	for inter-band CA supporting ‘both’ beam management, if the more stringent requirements have been satisfied with the more difficult beam management capability, then it is reasonable not to verify the same test case with easier beam management capability again.
Sensitivity requirements are the most important requirements for receiver performance. It is expected that the IBM sensitivity requirements are more stringent than CBM’s, and CBM is more difficult beam management than IBM. So if the measured sensitivity of CBM has already satisfied the delta_RIB requirements of IBM, then the IBM sensitivity verification is not necessary.
For max input level, IBM requirement is expected to be more stringent than CBM. So if a UE has already satisfied the max input level requirements of IBM, then it is not necessary to verify the CBM requirements for inter-band CA supporting ‘both’ beam management.
For ACS and IBB, the requirements are expected to be the same regardless of IBM or CBM. Since ACS and IBB are not related with beam management, so it is enough for ACS and IBB to be verified with either IBM or CBM for inter-band CA supporting ‘both’ beam management.
Base on above analysis, the following verification rule for inter-band CA supporting ‘both’ beam management is proposed:
Proposal 6:	specify verification rule for inter-band CA supporting ‘both’ beam management capability as following:
· if the measured sensitivity of CBM has already satisfied the delta_RIB requirements of IBM, then the IBM sensitivity verification is not necessary
· if the max input level is already met with IBM requirements, then it is not necessary to verify the CBM requirements
· ACS and IBB can be verified with either IBM or CBM
3. 	Conclusion
Observation 1:	a fixed value of PSD difference is not feasible for 3D EIS test.
Observation 2:	there is also PSD difference impact for CBM sensitivity requirements compared with single carrier requirements.
Observation 3:	the metric of max input level is verified with throughput at beam peak direction for each CC
Observation 4:	for inter-band CA supporting ‘both’ beam management, if the more stringent requirements have been satisfied with the more difficult beam management capability, then it is reasonable not to verify the same test case with easier beam management capability again.

Proposal 1:	for CBM sensitivity requirements (peak EIS and EIS spherical coverage), adopt normalized equal PSD (CC1 and CC2 achieve sensitivity status simultaneously).
Proposal 2:	the delta_RIBs of CBM should be larger than that of IBM for the same band combination.
Proposal 3:	down-select max input level requirements of CBM from following two alternatives:
· Alt1: If max input level of CBM is to be defined per-band, 3dB relaxation per-band is needed;
· Alt2: if max input level of CBM is to be defined as summed power of DL CCs among bands, the same requirement as single carrier apply.
Proposal 4:	in-gap exemption for ACS and IBB apply for FR2 inter-band CA no matter IBM or CBM.
Proposal 5:	refine the IBM and CBM definition to highlight the per-BC characteristics to avoid confusion.
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· if the measured sensitivity of CBM has already satisfied the delta_RIB requirements of IBM, then the IBM sensitivity verification is not necessary
· if the max input level is already met with IBM requirements, then it is not necessary to verify the CBM requirements
· ACS and IBB can be verified with either IBM or CBM
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