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1	Introduction 

FR2 inter-band DL CA was one of the prominent features in Rel-16 FR2 UE RF requirements enhancement work item. Due to the rather complicated mixtures of frequency band combinations, network deployment scenario, UE radio architecture, beam management capability, and frequency dependent beamforming performance, the feature was concluded with only one band combination from different band groups where the requirements were defined based on independent beam management (IBM) UE capability. For the continuing FR2 UE RF requirements enhancement WID in Rel-17 as approved in last RAN plenary meeting [1], the objective for inter-band DL CA will further look into the requirements featuring common beam management (CBM) for same and different band groups as well as independent beam management (IBM) for the same band group. In this contribution, we would like to revisit the concept of FR2 frequency band group and how they are related to UE radio architecture as well as CA beam management capability.     
2	Discussion
2.1	FR2 frequency band group

The concept for FR2 frequency band group was first introduced in RAN4 #92bis meeting to facilitate the inter-band CA UE RF requirements development [2]. Since then the band group definition has been informally adopted by RAN4 as is shown in Table 2.1-1 which was categorized based on the distinct band frequency allocations as depicted in Figure 2.1-1. The frequency band Group 1 has also been called as 28GHz band group or low band group (LB) as a differentiation from frequency band Group 2 which has been called as 39GHz or high band group (HB).

	Group 1
	Group 2

	n257, n258, n261
	n259, n260



Table 2.1-1 FR2 frequency band group




Figure 2.1-1 FR2 band frequency allocations
As the frequency band grouping is tightly associated with UE radio architecture and its supported CA beam management capability, to facilitate the remaining FR2 inter-band DL CA requirements development, we propose RAN4 to continue the CA band combination categorization based on the band grouping concept to define the prerequisite for certain network deployment scenario and cell timing alignment requirement in order to enable inter-band CA operation with acceptable UE performance. In addition, with the anticipation of newly introduced band n262 in the frequency range of 47.2 GHz to 48.2 GHz which may be considered for inter-band CA operation in future, we also propose to include n262 in frequency band Group 2 based on its frequency range and our initial studies on the radio front-end characteristics for supporting this band.

Proposal 1: RAN4 to develop the remaining inter-band DL CA requirements based on the band group categorization as shown in Table 2.1-2.             

	Group 1
	Group 2

	n257, n258, n261
	n259, n260, n262



Table 2.1-2 Proposed FR2 frequency band group categorization

2.2	UE radio architecture

The most typically concerned factors for UE radio architecture design are power, performance, and area. The power and area factors are of particular concern for handheld devices which are normally constrained by limited form factor and battery life. The performance on the other hand often cannot be compromised in order to achieve better user experience.

In consideration of a radio transceiver design for supporting multiple frequency bands with wide frequency span, the design principle to address the area factor is to maximize the frequency range support for a single transceiver path till the RF performance could not be compromised such that the same hardware can be shared or reused for multiple frequency bands of the similar frequency range. In FR2 radio design, it is also this design principle which governs how the radio architecture would be implemented to support bands ranging from 24.25 GHz up to 48.2 GHz and UE’s beam management capability to support inter-band CA operation.

In our view a typical FR2 UE radio architecture design would use a single transceiver path to support frequency band Group 1 and another transceiver path to support frequency band Group 2 as defined in Table 2.1-2, in particular for PC3 UE where the area and power consumption are of particular important. This would also mean for inter-band CA combinations composed by bands within Group 1 or within Group 2 can only be supported by using a single transceiver path which also implies common beam management (CBM) for those band combinations. On the other hand, for inter-band CA combinations composed by one band from Group 1 and one band from Group 2 can be supported by their respective transceiver path which also implies independent beam management is feasible for those band combinations. And the latter case is also the assumption for DL CA_n260-n261 as defined in Rel1-6 specifications.

Observation 1: For a typical FR2 PC3 radio architecture design, inter-band CA combinations composed by bands within Group 1 or within Group 2 can only be supported by CBM.

Observation 2: For a typical FR2 PC3 radio architecture design, inter-band CA combinations composed by one band from Group 1 and one band from Group 2 can be supported by IBM.

2.3	IBM for inter-band CA within the same band group                  

For UE implementation without the concern of form factor and power consumption, it is feasible to support IBM for inter-band CA within the same band group by replicating another transceiver path, which however is at the expenses of increasing mmW module size, cost, and power consumption during CA operation. The performance for SCell on the hand may benefit from IBM when its frequency is distant away from PCell as compared CBM. Another way is to use the existing transceiver path design for the other bang group to support IBM without replicating another transceiver path for the same band group to save area. However, since the repurposed transceiver path is not designed for the intended band group, the RF transceiver and antenna performance would be highly compromised.

Observation 3: It is feasible to support IBM for inter-band CA within the same band group which however is at the expenses of increasing mmW module size, cost, and power consumption during CA operation.

Observation 4: Repurposing the existing transceiver path not designed for the intended band group to support IBM would cause substantial performance degradation for SCell despite no area and cost penalty.       

2.4	CBM for inter-band CA from different band groups

One prerequisite for network deployment to support CBM for inter-band CA is cell collocation. However, even though network can ensure cells are collocated, UE may still suffer from substantial performance degradation for SCell with CBM due to beam squinting effect, and RF transceiver path as well as antenna design not being optimized for the SCell band group. There might be slight advantage for CBM in terms of power saving during CA operation, however, in our view, the SCell performance loss might not be well justified.

Figure 2.4-1 shows the simulated UE performance loss against carrier frequency separation due to beam squinting effect. It can be seen that with frequency separation up to 19 GHz between the two band groups, the performance degradation for SCell from beam squinting effect alone is already more than 9.5 dB at 90% confidence level even without taking into account further performance loss due to unoptimized transceiver and antenna design for the intended SCell band group.
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Figure 2.4-1 Simulated UE performance loss due to beam squinting effect 

Observation 5: CBM for inter-band CA from different band groups can be subjected to more than 10 dB performance loss for SCell.
2.5	Prerequisite to enable CBM for inter-band CA

The motivation for enabling CBM to support inter-band CA within the same band group has been elaborated in section 2.2 in this paper. However, without the support from network side to ensure cell collocation and MRTD requirement as specified for FR2 intra-band CA [3], UE would not be able to achieve inter-band CA operation by CBM without substantial performance loss in SCell as compared to its single band counterpart.

Proposal 2: For FR2 inter-band CA within the same band group, the UE RF requirements are only defined based on cell collocation and intra-band CA MRTD requirement.

3	Conclusion

In this contribution, we revisit the concept of FR2 frequency band group and how they are related to UE radio architecture as well as CA beam management capability. We also propose for FR2 inter-band CA within the same band group, the UE RF requirements are only defined based on cell collocation and intra-band CA MRTD requirement.

Observation 1: For a typical FR2 PC3 radio architecture design, inter-band CA combinations composed by bands within Group 1 or within Group 2 can only be supported by CBM.

Observation 2: For a typical FR2 PC3 radio architecture design, inter-band CA combinations composed by one band from Group 1 and one band from Group 2 can be supported by IBM.

Observation 3: It is feasible to support IBM for inter-band CA within the same band group which however is at the expenses of increasing mmW module size, cost, and power consumption during CA operation.

Observation 4: Repurposing the existing transceiver path not designed for the intended band group to support IBM would cause substantial performance degradation for SCell despite no area and cost penalty.

Observation 5: CBM for inter-band CA from different band groups can be subjected to more than 10 dB performance loss for SCell.

Proposal 1: RAN4 to develop the remaining inter-band DL CA requirements based on the band group categorization as shown in Table 2.1-2.

Proposal 2: For FR2 inter-band CA within the same band group, the UE RF requirements are only defined based on cell collocation and intra-band CA MRTD requirement.
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