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1.	Introduction
Newly approved WID [1] has an objective for enhancements for inter-band DL CA for FR2 as follows:
 (
Inter-band DL CA enhancements
 [RAN4 RF/RRM]
Agree a method how applicable CBM/IBM information is captured into specification for a particular CA configuration. Agree how it is decided whether a certain CA configuration is assuming CBM or IBM based requirements (for-example is applicability based on operator request or some general rule or are all CA configurations applicable for both CBM and IBM). 
Study and if feasible define UE requirements 
for CBM
 between different freq. groups (e.g. 28GHz + 37GHz).
Define requirements for CA_n258A-n260A and CA_n257A-n259A based on IBM (Note these CA configurations will be moved to Basket WI in RAN#90 and more combinations may be added to Basket WI later).
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.
Study and if feasible 
d
efine UE RF requirements for inter-band CA within the same freq. group (e.g. 28GHz + 28GHz)
 
for (IBM) based on explicitly requested band combinations.
Both RF and RRM requirement aspects are in scope
 for DL 
interband
 CA
.
)
WID has many sub-objectives and in this paper we discuss some of them concentrating on the highlighted ones. 
2. 	Discussion
2.1 CBM vs IBM requirements and how to capture them into the TS
Agreements for IBM requirements were added [2] to the version 16.5 of TS 38.101-2. The IBM capability is the only one recognised in the requirements now with the sentence in sub-clause 5.2A.2.
Beam management type is according to UE capability declaration [IE..]. The requirements in the following clauses are only applicable to inter-band CA with IBM type.
So eventually that sentence needs to be changed and there are few ways RAN4 can enable CBM in the TS but they depend on how requirements differ from IBM band pair. 
Currently, there are four requirements for inter-band CA: 
1) Peak EIS relaxation ΔRIB in Table 7.3A.2.3-1
2) Spherical coverage relaxation ΔRIB,S,n in Table 7.3A.3.3-1
3) The intersection set of spherical coverage areas as described in sub-clause 7.3A.3.3
4) Indirect PSD imbalance requirement for peak EIS and spherical coverage as written in sub-clauses 7.3A.2.3 and 7.3A.3.3
For CBM band pair these requirements should be discussed and changed if so needed and once understanding what kind of requirements are defined for the CBM band pair, then how to capture them in the TS should discussed after.
Observation 1: RAN4 firstly needs to understand how to define requirements for the CBM band pair and then decide how to capture them in the TS.
2.2	Definition of CBM band pair
Distinction should be made between UE’s ability to QCL beams between CC’s on different bands and UE that can only use one beam for CC’s on two bands. The latter is the CBM capability, or incapability for IBM for a band pair in a UE. For the first one, RAN1 and RAN2 allows any CC in CA configuration to be QCL’d to any other CC and RAN1 does not distinguish between CC withing same band or on different bands. This is documented under QCL-info in TS 38.331 and section 5.1.5 in TS 38.214. This feature mandates UE that declares IBM for a band pair to also operate in “CBM manner” for those bands and since Rel-16 does not have a capability to indicate UE is not able to perform in CBM manner for IBM band pair, this feature remains mandatory for IBM band pairs. Figure 1 illustrates the beam management reference symbols couplings that are possible already Rel-15 from RAN1 and RAN2 point of view. 

Figure 1. Illustration of possible reference symbol couplings for beam management in Rel-15/16 
With this understanding it might be good to define CBM capability more accurately:
Observation 2: CBM capability means UE is not able to follow beam management reference symbols independently for the bands defined as part of CBM band pair 
And further, what is assumed if UE declares IBM or in current Release 16 specification context, declares support for any inter-band CA.
Observation 3: IBM capability for UE means that UE is able to follow beam management reference symbols independently for each band part of declared inter-band CA configuration and UE is able to follow beam management reference symbols from an other band
So in one way it could be said that IBM capability includes CBM capability but since CBM is an incapability in practice, this statement maybe mildly confusing.  
2.3	CBM requirements
For a band pair that UE can only operate in CBM manner, it is fair to assume that for both of the bands, the intersection of spherical coverage areas exists and also that it is sufficiently large. It may also be a fair assumption that CBM band pair needs less ΔRIB,S,n since there is no error from mismatch between two independent beam management processes but on the otherhand since there is only one beam, there is likely to be some beam squint since the CC’s are likely far apart from each other in frequency. On the other hand, if we assume that requirements follow intra-band CA requirements and intra-band CA does not have any spherical coverage requirement so then no requirements are needed.   
Observation 4: RAN4 may withhold defining spherical coverage requirements for CBM band pair 
In order to have some RF requirements and therefore guaranteed performance for the CBM band pair, a peak EIS requirement for inter-band CA could be defined. There are few options how to define this:
1) Require that the band that has the beam reference symbols will meet same peak EIS as the single band requirement and the other band for that AoA meets its peak EIS with a relaxation (value TBD). 
2) Require that both bands need to meet their single band peak EIS values while the other band that does not not have the beam reference signals gets the relaxation. repeated for both bands. This is same as option 1 but both bands would be tested 
3) Require that both bands meet their peak EIS value to a specific AoA with a relaxation for both. Relaxation would be smaller than in option 1. 
Also other ways to define peak EIS requirements may be possible but if spherical coverage is not defined, at least a peak EIS would be needed.
Proposal: Define at least peak EIS requirement for CBM band pair for inter-band DL CA
Conclusion
We discussed how to capture requirements, what is the relation between CBM and IBM and UE ability QCL beam management reference symbols between bands and made the following observations. 
Observation 1: RAN4 firstly needs to understand how to define requirements for the CBM band pair and then decide how to capture them in the TS.
Observation 2: CBM capability means UE is not able to follow beam management reference symbols independently for the bands defined as part of CBM band pair 
Observation 3: IBM capability for UE means that UE is able to follow beam management reference symbols independently for each band part of declared inter-band CA configuration and UE is able to follow beam management reference symbols from an other band
We also discussed what requirements to define for CBM band pair and made the following observation and proposal:
Observation 4: RAN4 may withhold defining spherical coverage requirements for CBM band pair 
Proposal: Define at least peak EIS requirement for CBM band pair for inter-band DL CA
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