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Introduction
Based on the agreements in [1], we will provide further discussion on RRM requirements for FR2 inter-band CA.
Discussion
[bookmark: OLE_LINK232][bookmark: OLE_LINK233][bookmark: OLE_LINK665][bookmark: OLE_LINK666][bookmark: OLE_LINK667]For a FR2 band pair, UE may indicate two types of beam management capability, common beam management and independent beam management.
Interruption requirement
In last RAN4 meeting, the following agreements have been captured on interruption requirements for FR2 inter-band scenario.
	For a FR2 inter-band CA combination with using independent beam management, the existing interruption requirements for inter-band CA can be applied.
For a FR2 inter-band CA combination with using common beam management, FFS whether the existing interruption requirements for inter-band CA can be applied.
· RF inputs on RF architectures for FR2 inter-band CA combination with using common beam management are required. 
· If the separate RF chains are assumed for FR2 inter-band CA combination with using common beam management, the existing interruption requirements of inter-band CA can be applied.
· If the same RF chain is assumed for FR2 inter-band CA combination with using common beam management, FFS whether the existing interruption requirements of intra-band CA can be applied.


In RF session, the RF architecture for a FR2 band pair with indicating common beam management is still under discussion and no conclusion has been achieved. For a 28GHz+28GHz or 39GHz+39GHz band pair with indicating common beam management, it may assume UE to have same RF chain for FR2 inter-band CA. However, for a 28GHz+39GHz band pair with indicating common beam management, it could not assume UE to have same RF chain for FR2 inter-band CA. In TS38.133, the minimum RRM requirements need to be defined for considering vary scenarios. The interruption requirements for FR2 inter-band CA with indicating common beam management can be developed based on the assumption of UE sharing same RF chain. Based on the current interruption time for FR2 inter-band CA, an additional time for AGC settling need to be included into interruption requirements due to sharing RF chain. The AGC settling time could be equals to the longest SMTC duration among all the serving cells in this FR2 band pair. Then, the interruption requirements for 
Proposal 1: For FR2 inter-band CA with common beam management, the interruption requirements can be defined as the current interruption with adding a SMTC duration which is the longest SMTC duration among all the serving cells in this FR2 band pair.
Beam management requirements
In [1], the following agreements on beam management were captured:
	Beam management requirements for FR2 inter-band CA combination with independent beam:
· For BFD/CBD on PCell/PSCell
· R15 BFD/CBD measurement requirements in FR2 can be applied for FR2 inter-band CA scenario.
· For BFD/CBD on SCell
· RAN4 to use SCell BFD/CBD requirements as being defined in eMIMO WID as baseline.
· For L1-RSRP reporting.
· R15 L1-RSRP measurement requirements in FR2 can applied for FR2 inter-band CA scenario. 
Beam management requirements for FR2 inter-band CA combination with common beam :
· RAN4 needs to study whether UE is necessary to perform BFD/CBD measurements on SCell.
· Option 1: The BFD/CBD on SCell is not necessary, because the beam management can rely on the PCell which the common beam is applied as it for the SCell.
· Option 2: Others. 


According to the discussion in RF session, for FR2 inter-band CA with common beam management, it is assumed that the beam measurement results on one band can be utilized for beam management on the other band. However, network may configure UE supporting common beam management in non-co-located deployment. It is left to network to decide whether to configure BFD/CBD on SCell. RAN4 does not to restrict the beam management resource configuration for FR2 inter-band CA with common beam management.
Proposal 2: For FR2 inter-band CA with common beam management, it is left to network to decide whether to configure BFD/CBD measurements on SCell.
Scheduling restriction requirement
In last RAN4 meeting, the scheduling restrictions for FR2 inter-band CA with common beam management was agreed to reuse the existing scheduling restriction requirements on FR2. For FR2 inter-band CA with independent beam management, the following two options are considering.
	Scheduling restriction requirements for FR2 inter-band CA combination with independent beam
· Option 1:
· There are no scheduling restrictions on one FR2 band due to RLM/BFD/CBD/L1-RSRP measurements being performed on another FR2 band.
· The scheduling availability requirements for FR2 inter-band CA scenario shall be introduced to clarify there is no scheduling restriction if UE uses independent beam.
· Option 2:
· No scheduling restriction from UE RX beam perspective, but further discussion is needed from the perspective of different numerologies and collision between UL and DL transmission.


When UE is assumed to use independent beam management for a FR2 inter-band CA combination, there is no beam confliction between two FR2 bands. Whether to support simultaneous reception with different numerologies in CA is UE capability. Two FR2 bands can be configured with different numerologies only when UE indicates the support of different numerologies in inter-band CA. Hence, there is no scheduling restrictions on one FR2 band due to RLM/BFD/CBD/L1-RSRP measurements being performed on another FR2 band if different numerologies are used. The scheduling availability requirements for FR2 inter-band CA need to be defined to clarify no scheduling restrictions between two FR2 bands.
Proposal 3: For FR2 inter-band CA with independent beam management, the scheduling availability requirements need to be defined to clarify no scheduling restrictions between two FR2 bands.
Measurement restriction requirement
In RAN4, it has been agreed to the measurement restriction requirements due to RLM/BFD/CBD/L1-RSRP measurements being performed on different FR2 bands need to be introduced for FR2 inter-band CA with common beam management. But how to define the measurement restriction requirements for FR2 inter-band CA with common beam management need to be studied in RAN4.
In TS38.133, the existing measurement restriction requirements for SSB based RLM in FR2 are defined as follows:
	For FR2, when the SSB for RLM measurement on one CC is in the same OFDM symbol as CSI-RS for RLM, BFD, CBD or L1-RSRP measurement on the same CC or different CCs in the same band, UE is required to measure one of but not both SSB for RLM and CSI-RS. Longer measurement period for SSB based RLM is expected, and no requirements are defined.


When SSB for RLM is in the same OFDM symbol as CSI-RS for RLM/BFD/CBD/L1-RSRP measurement on the same CC or different CC in the same band, there is measurement restriction between SSB for RLM and CSI-RS. However, when SSB for RLM is overlapped with a CSI-RS on different CC in the different band with common beam management, there is also measurement restriction between SSB for RLM and this CSI-RS. The measurement restriction requirements for SSB based RLM in FR2 need to be updated as follows for supporting FR2 inter-band CA with common beam management.
	For FR2, when the SSB for RLM measurement on one CC is in overlapped with the same OFDM symbol as CSI-RS for RLM, BFD, CBD or L1-RSRP measurement on the same CC or different CCs in the same band or different CCs in different band with common beam management, UE is required to measure one of but not both SSB for RLM and CSI-RS. Longer measurement period for SSB based RLM is expected, and no requirements are defined.


When UE is assumed to use common beam management for a FR2 inter-band CA combination, the beam confliction between data transmission/reception and L1/L3 measurements still exist for FR2 inter-band CA. When FR2 inter-band CA is performed, the current measurement restrictions shall also be applied to all other serving cells in different band on the symbols that fully or partially overlap with the restricted symbols.
Proposal 4: For FR2 inter-band CA with common beam management, the existing measurement restriction requirements for FR2 shall be extended to the case of two RSs on different bands.
SCell activation requirement
In [1], the following agreements on SCell activation requirements were captured:
	SCell activation requirement for case 1: SCell being activated belongs to FR2 and if there is at least one active serving cell on that FR2 band
· The existing SCell activation delay requirements in case of “SCell being activated belongs to FR2 and if there is at least one active serving cell on that FR2 band” can be reused for FR2 inter-band CA.
SCell activation requirement for case 2: SCell being activated belongs to FR2 and if there is no active serving cell on that FR2 band provided that PCell or PSCell is FR2
· For FR2 inter-band CA combination with independent beam. 
· The existing requirement of “SCell being activated belongs to FR2 and if there is no active serving cell on that FR2 band provided that PCell or PSCell is FR1” can be applied.
· For FR2 inter-band CA combination with common beam. 
· The existing requirement of “SCell being activated belongs to FR2 and if there is no active serving cell on that FR2 band provided that PCell or PSCell is FR1” cannot be applied.
· The SCell activation delay for case 2 can be studied from the following aspects:
· Whether AGC settling time need to be included.
· Whether cell search time need to be included.
· Whether fine timing tracking delay need to be included.


The SCell activation requirements for case 2 need to be further studied for FR2 inter-band CA combination with common beam management.
For case 2, the existing SCell activation requirements is defined for FR1+FR2 inter-band CA. The SCell activation delay include the following three parts:
· Cell search time (including AGC settling time) for unknown SCell
· Fine timing tracking delay
· L1-RSRP measurement delay
For FR2 inter-band CA with common beam management, UE can derive the beam information for target SCell from one active serving cell in another FR2 band and does not need to perform L1-RSRP measurement for an unknown SCell. However, the MRTD for FR2 inter-band is defined as 8us, so cell search time is still needed for an unknown SCell in case 2. Fine timing tracking delay is also need for both known SCell and unknown SCell. 
Proposal 5: For SCell being activated belongs to FR2 and if there is no active serving cell on that FR2 band, the existing SCell activation delay requirements for FR1+FR2 CA excluding L1-RSRP measurement delay can be applied for FR2 inter-band CA with common beam management.

Conclusions
This contribution provides our analysis on RRM impacts of FR2 inter-band CA in Rel-16. The following are provided:
Proposal 1: For FR2 inter-band CA with common beam management, the interruption requirements can be defined as the current interruption with adding a SMTC duration which is the longest SMTC duration among all the serving cells in this FR2 band pair.
Proposal 2: For FR2 inter-band CA with common beam management, it is left to network to decide whether to configure BFD/CBD measurements on SCell.
Proposal 3: For FR2 inter-band CA with independent beam management, the scheduling availability requirements need to be defined to clarify no scheduling restrictions between two FR2 bands.
Proposal 4: For FR2 inter-band CA with common beam management, the existing measurement restriction requirements for FR2 shall be extended to the case of two RSs on different bands.
Proposal 5: For SCell being activated belongs to FR2 and if there is no active serving cell on that FR2 band, the existing SCell activation delay requirements for FR1+FR2 CA excluding L1-RSRP measurement delay can be applied for FR2 inter-band CA with common beam management.
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