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Introduction
In RAN4#94-e we agreed on a WF [1] on FR2 inter-band CA requirements. According to the WF of the last meeting [2], most of the following items are still open for common beams. On the other hand, a few of the following items are open for independent beams.
· Interruption requirements
· Beam management 
· Scheduling restrictions
· Measurement restrictions
· Scell activation delay
We discuss these open issues in our contribution.
Discussion   
Common beam 
We reproduce the common beam section from our last contribution since there are no agreements in RAN4 on this part. For a UE to use a common beam across two bands, there are a few conditions that the cells in the two bands will need to satisfy.
· the gNB’s for the two cells need to be co-located.
· the two gNB’s will need to use the same spatial transmission filter. If the two cells are not using the same spatial transmission filter to receive and transmit, the UE will not be able to use the same beam to transmit and receive from the two cells simultaneously. 
· the time synchronization between the two cells needs to be within 260 ns. This is the same value as that for MRTD for intra-band contiguous scenario. If this MRTD is not met, it would result in significant performance degradation as there would be loss of a symbol on one of the CC’s every time the UE switches its beams. If 260ns MRTD is not feasible for all scenarios, then some performance degradation for MRTD larger than a threshold (e.g. 260ns) should be discussed.
· Same power imbalance as that in intra-band contiguous case. 
Proposal 1: RAN4 to define requirements for bands in which the UE can use a common beam. These requirements need to be defined for co-location, spatial filter, MRTD/MTTD and power imbalance. RAN4 to use intra-band requirements as baseline. 
· MRTD/MTTD requirements can be defined in thread #121. 
Interruption
We have had the following agreement during the last meeting [2]
	· 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.



If UE uses same RF chain to operate in FR2 inter-band CA with common beam management (CBM), the existing interruption requirements of intra-band CA will be needed for the UE.
Whether UE uses same or different RF chains to operate in FR2 inter-band CA with common beams will be up to UE implementation. The requirements should be defined so that UE can satisfy the requirements with both implementations. Since, interruption requirements of intra-band CA are more conservative than those of inter-band CA, we propose to apply these to define the interruption requirements of inter-band CA with common beams.
Observation 1: If UE uses same RF chain to operate in FR2 inter-band CA with common beam management (CBM), the existing interruption requirements of intra-band CA will be needed for the UE.
Observation 2: Whether UE uses same or different RF chains to operate in FR2 inter-band CA with common beams will be up to UE implementation. The requirements should be defined so that UE can satisfy the requirements with both implementations.
Proposal 2: For a FR2 inter-band CA combination with using common beam management, the existing interruption requirements of intra-band CA can be applied.
Beam management

We have had the following agreement during the last meeting [2]
	· 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



We expressed our views regarding this issue, in details in [3]. If UE can receive multiple bands with the same RX beam, it does not need to perform BFD/CBD in each of these FR2 bands. Rather, the concept of “band group” can be introduced where UE needs to perform BFD/CBD in only one band within the “band group”.
Proposal 3: Define an active “BFD band group”/”CBD band group” as a set of active bands whose BFD-RS/CBD-RS can be received by the UE through a common beam
· UE needs to meet BFD-RS/CBD-RS evaluation requirements for only one active band within the active “BFD band group”/” CBD band group”
In this context, scaling factor of BFD-RS/CBD-RS evaluation during carrier aggregation should be equal to the number of activated “BFD band groups”/” CBD band groups”. 
Proposal 4: Scaling factor of BFD-RS/CBD-RS evaluation period during FR2 inter-band CA with common beams is equal to the number of active “BFD band groups”/” CBD band groups”.

Measurement restriction

RAN4 made the following relevant agreement during the last meeting [2]
	Measurement restriction requirement for FR2 inter-band CA combination with common beam
· 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 if UE uses common beam.
· Option 1:
· There are no measurement restriction if following conditions are satisfied:
· Transmission points of each FR2 band are co-located.
· FFS whether QCL type D between measurement resources of each band is needed.
· Time domain allocation of each measurement RS is partially or fully overlapped.
· Option 2:
· The existing measurement restriction requirements for FR2 shall be extended to serving cells in different bands.
· Others



Even if a UE can receive two FR2 bands with the same common RX beam, it may not be able to receive SSB and CSI-RS simultaneously where SSB and CSI-RS have different SCS. This will depend on if UE supports simultaneouslyRxDataSSB-DiffNumerology or not. Hence, existing measurement restriction requirements for FR2 shall be extended to serving cells in different bands.
Proposal 5: For FR2 inter-band CA combination with common beam, the existing measurement restriction requirements for FR2 shall be extended to serving cells in different bands.

SCell activation in FR2

RAN4 made the following relevant agreement during the last meeting [2]
	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 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 delay for case 2 with common beam will primarily depend on the requirements for the bands for which UE uses a common beam. If UE can assume intra-band requirements for these bands in terms of co-location, spatial filter and MRTD/MTTD and power imbalance, then UE will not need AGC setting time, cell search time and fine timing tracking delay. Hence, RAN4 should first finalize the requirements for FR2 inter-bands with common beam and then revisit this SCell activation delay issue in the next meeting.
Proposal 6: RAN4 should first define requirements for bands in which the UE can use a common beam and then discuss SCell activation delay for case 2.

Independent Beams 
For a UE that is using independent beams across two bands, most of the Rel-15 requirements would be directly applicable. In this sub-section, we go over the requisite requirements one at a time. 
Scheduling restrictions

RAN4 made the following relevant agreement during the last meeting [2]
	· 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.



UE should be able to transmit and receive simultaneously in two different FR2 bands if it is using independent beams. So, option 1 of previous meeting’s agreement can be supported.
Proposal 7: For FR2 inter-band CA combination with independent beam,
· 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.
Conclusions 
Observation 1: If UE uses same RF chain to operate in FR2 inter-band CA with common beam management (CBM), the existing interruption requirements of intra-band CA will be needed for the UE.
Observation 2: Whether UE uses same or different RF chains to operate in FR2 inter-band CA with common beams will be up to UE implementation. The requirements should be defined so that UE can satisfy the requirements with both implementations.
Proposal 1: RAN4 to define requirements for bands in which the UE can use a common beam. These requirements need to be defined for co-location, spatial filter, MRTD/MTTD and power imbalance. RAN4 to use intra-band requirements as baseline. 
· MRTD/MTTD requirements can be defined in thread #121. 
Proposal 2: For a FR2 inter-band CA combination with using common beam management, the existing interruption requirements of intra-band CA can be applied.
Proposal 3: Define an active “BFD band group”/”CBD band group” as a set of active bands whose BFD-RS/CBD-RS can be received by the UE through a common beam
· UE needs to meet BFD-RS/CBD-RS evaluation requirements for only one active band within the active “BFD band group”/” CBD band group”
Proposal 4: Scaling factor of BFD-RS/CBD-RS evaluation period during FR2 inter-band CA with common beam is equal to the number of active “BFD band groups”/” CBD band groups”.
Proposal 5: For FR2 inter-band CA combination with common beam, the existing measurement restriction requirements for FR2 shall be extended to serving cells in different bands.
Proposal 6: RAN4 should first define requirements for bands in which the UE can use a common beam and then discuss SCell activation delay for case 2.
Proposal 7: For FR2 inter-band CA combination with independent beam,
· 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.
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