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1 Introduction
During RAN4 #94e meeting, WF[1] was approved which agrees to further discuss on beam squint caused degradation:

	· For any FR2 UE power class of interest, companies are encouraged to:

· Share estimated impact to RF performance. Some examples:

· CA EIRP

· CA Refsens and spherical coverage EIS

· CA beam correspondence

· Impact of closed loop power control on MPR

· Identify how to capture in standard

· Preserve backward compatibility with Rel-15

· Identify sub-sections that may be affected

· Identify parameters or methods to quantify effect, including dependencies. 

· For example of dependency, in intra-band CA case: frequency separation

· For LB+LB/HB+HB inter-band CA: frequency separation 

· Side conditions, like location of beam-management reference signals in relation to CA configuration


This paper provides further analysis on beam squint issue.
2 Discussion
2.1 Initial analysis on Beam squint
In Rel-15, we already introduced multi-band relaxation which considers for common antenna design. It is used for UE operates on one band but support multiple bands, which is focus on the physical performance degradation from antenna. It is actually one type of beam squint. Generally, 0.5dB per band relaxation is provided.
In Rel-16, we introduce larger separation class for intra-band CA(2400MHz) and assumes with common beam management. It means all CCs can use the beam management result on 1 CC, while it actually depends on how gNB configure beam management RS for each CC, and how UE implements with these RS.

Assume gNB only configures RS on CC1 for beam management, then UE will select the beam for both CC1 and CC2 based on the measurement result on RS within CC1. From the observation window of UE, the selected beam for CC1 is the best DL beam while may not the best beam for CC2 because of beam squint, then the uplink corresponding beam would be accurate for CC1 but with squint for CC2.
But for final transmission power, it also depends on the power control procedure which is a L3 measurement. In RAN1 spec, power control is defined for each CC separately. UE may measures on Path loss on each CC with the selected DL beam. If UE use the PL-RS configured in each CC for the power control procedure, the loss for uplink maybe compensated. But it depends on how PL-RS is configured and UE L3 measurement implementation.

Observation 1: For UE operates on single carrier and supports multi-band with common antenna design, beam squint is already considered with multi-band relaxation requirement.

Observation 2: For intra-band CA with large frequency separation, additional beam squint is existed when assuming common beam management and common power control procedure. It depends on how gNB configures on PL-RS and beam management RS.

Theoretically, beam squint is caused by different wave length on different frequency point while the effective space between elements is fixed. The squint effect is generally considered for large antenna array since the distance between DL beam and each element changed much for larger scale array. For PC3, 4 antenna elements is assumed, thus we don’t see the urgency define the relaxation for PC3 UE. 
Observation 3: Beam squint effect is not obvious or urgency for PC3 with 4 elements assumption.
2.2 Multi-band relaxation framework in Rel-16
For inter-band CA, we provides proposal in [2] that it can be classify into 2 types regardless of CA configurations:
· Type 1: support MRTD=8us and independent beam management
· Type 2: MRTD=[TBD], common beam management and max PSD difference≤ [6]dB
For Type1(independent beam management), the multi-band relaxation framework can be defined as: multi-band relaxation+ΔRib/ΔTib
For Type2(common beam management), the multi-band relaxation framework is similar, whether an additional beam squint factor is used depends on evaluation. For PC3 UE, limited antenna elements do not have much impact from additional beam squint.
Proposal 1: For inter-band CA, multi-band relaxation framework is defined as multi-band relaxation+ΔRib/ΔTib, whether an additional beam squint factor is needed for some configurations depends on the evaluation. The evaluation is only based on power class 3.
3 Conclusion

In this contribution we discussed on the open issues of beam squint caused degradation, according to the analysis, we have the following proposals:
Observation 1: For UE operates on single carrier and supports multi-band with common antenna design, beam squint is already considered with multi-band relaxation requirement.

Observation 2: For intra-band CA with large frequency separation, additional beam squint is existed when assuming common beam management and common power control procedure. It depends on how gNB configures on PL-RS and beam management RS.

Observation 3: Beam squint effect is not obvious or urgency for PC3 with 4 elements assumption.
Proposal 1: For inter-band CA, multi-band relaxation framework is defined as multi-band relaxation+ΔRib/ΔTib, whether an additional beam squint factor is needed for some configurations depends on the evaluation. The evaluation is only based on power class 3.
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