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Introduction
In last meetings RAN4 has been working on FR2 inter-band CA requirements. In last RAN4#94bis meeting some agreements were reached and captured in [1]. The basic framework of the requirements works was agreed. In this paper we discuss further on these basic principles as they are important for defining the FR2 inter-band CA requirements covering both common/independent beam and common/independent beam management.

Discussion
The basic framework agreement was agreed to be aligned with the normal RAN4 guidelines:
· RRM requirements work for FR2 inter-band CA should be aligned with the deployments, scenarios, band combinations and RF architectures discussed for release 16 for FR2 inter-band CA in the RF session.
· For FR2 inter-band CA for common beam and independent beam, UE should begin with understanding which scenarios can be supported with common beams and which will need independent beams. The corresponding requirements for common and independent beams can then be derived.

CBM/IBM Interruption Requirements
When discussing BM requirements RAN4 would need to look at common beam management (CBM) and independent beam management (IBM).
Initially, it needs to be clear that we have:
· common beam capable UE
· independent beam capable UE
Common beam capable UE can receive with one common Rx beam (AoA) only. Common beam UE is baseline and was used when developing UE requirements for Rel-15 and Rel-16.
Independent beam capable UE can receive with two independent Rx beams simultaneously (2 AoA’s). Independent capable beam UE also support common beam and can operate as such. The difference is that CBM may require CSI-RS only in Pcell, but IBM needs CSI-RS both in Pcell and Scell for the independent control of Rx beams.
Agreed in [2], network assumes that a UE capable of independent beams supports both co-located and non-co-located deployments. In other word, network assumes that such UE can steer a Rx beam per band and support an independent angle of arrive for each band. Hence, such UE supports independent beam management – IBM UE. An IBM UE also support collocated deployment with a common angle of arrival.
[bookmark: _Hlk40462003]A UE supporting IBM shall support collocated deployment with a common angle of arrival.
For DL CA, only one band has uplink. Thus, downlink beam steering for the band without uplink is only based on UE reporting as the SRS cannot be transmitted for that band. Network typically assumes the beam correspondence for the beam management. However, lack of uplink resource does not limit to only CBM in downlink, as downlink beam selection can be still utilized for each band.
Lack of uplink resource does not limit to only CBM in downlink CA.
So far it has been assumed L+L (e.g., 26+28GHz) pair is suited for CBM and L+H (e.g., 28+39GHz) pair is more suited for IBM due to UE implementation and network deployment restrictions. For L+L pair, the same hardware components such as antenna are shared among bands, both in UE and network implementation. Thus, the CBM is primarily assumed for L+L pair. On the other hand, L+H pair may not be based on the shared hardware components.
CBM should be considered as the baseline operation for inter-band DL CA for L+L.
IBM should be considered as the baseline operation for inter-band DL CA for L+H.
Hence, for a UE supporting IBM and configured with IBM, the existing interruption requirements for inter-band CA can be applied. 
As there is no decision yet as to whether UE support of CBM is limited to L+L and IBM to L+H only, it could be so that UE can be also IBM capable for L+L and cause interruptions as currently defined for inter-band interruptions and not intra-band interruptions.
One could expect that in general a UE configured in IBM mode would cause interruptions as defined currently for inter-band CA interruptions, while a UE in CBM mode would cause interruptions according to intra-band CA interruptions.
An IBM capable UE configured in CBM mode would cause interruptions as defined currently for inter-band CA interruptions.
An CBM capable UE would cause interruptions according to intra-band CA interruptions.

Beam Management Requirements
Beam management for when UE is configured with CBM and IBM will be different – as also captured in the last meeting. However, the UE requirements would depend on the actual configuration (CBM or IBM) and not on the UE capability (whether it is capable of only CBM, only IBM or both per band combination).
UE configured to operate in IBM mode
Only UEs supporting IBM can be configured to operate in IBM mode. In this case the network can configure the UE with separate beam management per spatial Rx. Common understanding is that there would be BM configuration per band on which the UE is capable operating inter-band CA with IBM.
IBM requirements apply only to a UE configured to operate in IBM mode.
Being configured with IBM is a pre-request for the requirements related to IBM being applicable. An IBM UE can of course also be configured to operate in CBM mode (if capable of CBM) in which case the CBM related requirements apply (next section).
Our understanding is that PCell and PSCell operation is not affected by UE being capable of and configured with FR2 inter-band CA with independent BM. Hence, the existing Rel-15 requirement related to BM for PCell and PSCell are unchanged.
Rel-15 requirement related to BM for PCell and PSCell are unchanged when operating in IBM mode.
This means all existing Rel-15 BM related UE requirements apply also when the UE is configured to operate in IBM mode.
The also applies for any SCell configured in the same as the PCell or PSCell.
For the SCells operated in another band than the PCell or PSCell, BM can be operated independently from PCell/PSCell band. Our view is that existing (PCell) requirements from Rel-15 apply directly.
In the last meeting it was listed:
RAN4 to use SCell BFD/CBD requirements as being defined in eMIMO WID as baseline
while in the eMIMO it was noted:
It is assumed that UE performance can’t be guaranteed by RAN4 requirement if UE is required to perform BFD/CBD on more than 1 serving cell per band
And the FR2 inter-band was left FFS.
Regarding this discussion it is not clear to us exactly what it is that cannot be guaranteed on the UE side concerning BFD or CBD on more than 1 serving cell per band. Especially when it comes to BFD which is based on pure BLER estimation and measurements. A similar question comes to the CBD as this also relates to DL L1-RRP measurements. 
The current requirements already require the UE to be able to perform L1-RSRP measurement on all serving cells:
When configured by the network, the UE shall be able to perform L1-RSRP measurements of configured CSI-RS, SSB or CSI-RS and SSB resources for L1-RSRP. The measurements shall be performed for a serving cell, including PCell, PSCell, or SCell, on the resources configured for L1-RSRP measurements within the active BWP
However, it is also clear that currently BFD is only supported on PCell and PSCell. A similar principle could be applied for a UE configured to operate in IBM. Hence, performing BFD and CBD on one SCell in the other band than the PCell or PSCell would suffice. 
For a UE configured in IBM mode, it is sufficient to perform BFD and CBD in one of the SCells located the other band than the PCell or PSCell.
This would need to be coordinated with the work done in eMIMO.

UE configured to operate in CBM mode
A UE configured to operate in CBM mode would operate as the baseline UE assumed when developing the Rel-15 and Rel-16 requirements. Hence, such UE would need to follow the existing Rel-15 and Rel-16 BM requirements. 
A UE operating in CBM mode would need to follow the existing Rel-15 and Rel-16 BM requirements.
In last meeting a discussion was left open related to BFD and CBD when UE is operating in CBM:
· 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. 
However, before concluding it would be good to discuss at least two aspect a bit more.
First one relates the that even if the UE support IBM it may be that it is configured to operate in CBM mode. E.g. in a L+H band combination. Question is whether such UE would always be able to steer each beam in each band without SSB/CSI-RS in each band. Or basically whether the UE can steer the Rx beam in one band based on received RS from another band (Ref to b. below)?
Hence:
a. UE capable of and operating in CBM: only one AoA is supported by UE; only one reference signal is required.
b. UE operating in IBM mode: two AoAs are supported are supported by UE; Interdependent UE beam steering is supported but RS is only sent in one band.
Second topic to clarify is that if the UE is configured to operate in CBM with L+H inter-frequency band combo, can it be assumed that the RS used for BM in e.g. low band will be representative of the DL beam quality in the high band?
Our view here is that it may be possible to perform BM based on BM DL RS in one band based on the fact that the UE is configured to operate in CBM mode and hence, Rx spatial filter is the same. However, we do not think that the DL radio quality in high band can be readily understood as being represented by DL RS measurements in the low band. Or especially the other way around.
We think that there would be a need to estimate BFD (and perform CBD) in at least one cell per band when UE is configured with FR2 inter-band CA in CBM mode.
UE need to perform BFD in at least 1 cell per band when UE is configured with FR2 inter-band CA in CBM mode.
Hence, the same when configured to operate in IBM mode.

Scheduling Restriction
We expect that for UE capable of both CBM and IBM configured to operate in CBM mode, the requirements applicable for the IBM capable UE when operating in IBM mode, apply.
[bookmark: _Hlk40462275]The requirements applicable for UE capable of both CBM and IBM when operating in IBM mode, apply to an IBM capable UE configured to operate in CBM mode.
Hence, in general there would be no scheduling restrictions.
Additionally, during the 94bis discussions concerns were raised related to different numerologies and collision between UL and DL transmission. We do not see this different from FR1 and what is agreed for FR1 can be re-used also for FR2 inter-band CA. Hence, if the UE does not support simultaneous Rx and Tx for inter-band CA, there could be some scheduling restrictions.
Use the discussion from simultaneousRxTxInterbandCA for addressing collision between UL/DL Tx. 
Concerning different numerologies this would in our view be a UE capability issue.
Support of different numerologies is a UE capability issue.

Measurement Restrictions
The issue of measurement restriction requirement for FR2 inter-band CA combination with common beam, was also discussed in RAN4#94bis.
As mentioned earlier, a UE supporting IBM and CBM may be configured to operate in CBM mode. Hence, it is assumed that in this operation mode the IBM capable UE would use the ‘independent’ beams in a IBM and CBM operation mode. Our assumption, when the UE capable of both IBM and CBM is operated in CBM mode, the UE can still benefit from the being able to operate the beams independently. Hence, we do not expect that the IBM UE in this case would not cause inter-band measurement restrictions. 
For the CBM capable UE measurement restriction requirements would in general need to be defined. When defining UE measurement restriction requirements, the UE capable of IBM but operating in CBM mode should be accounted (together with other potential scenarios).
When defining UE measurement restriction requirements, the UE capable of IBM but operating in CBM mode should be accounted.
A UE capable of both IBM and CBM is operated in CBM mode would not cause inter-band measurement restrictions.

SCell activation delay requirements
Concerning SCell activation discussion from last meeting following was agreed:
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.
[bookmark: _Hlk40364395]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 be included.
· Whether cell search time need to be included.
· Whether fine timing tracking delay need to be included. 
As for the case with FR2 inter-band CA combination with common beam when the 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, we agree that “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 used.
However, as the condition is ‘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’ it resembles the conditions when we do have an active serving cell on that band.
Hence, we suggest using the existing requirements as baseline:
If the SCell being activated belongs to FR2 and if there is at least one active serving cell on that FR2 band, then Tactivation_time is TFirstSSB+ 5ms provided: 
- The UE is provided with SMTC for the target SCell, and 
- The SSBs in the serving cell(s) and the SSBs in the SCell fulfil the condition defined in clause 3.6.3.
Use existing ‘SCell being activated belongs to FR2 and if there is at least one active serving cell on that FR2 band’ requirements as baseline when SCell being activated belongs to FR2 and if there is no active serving cell on that FR2.
Some modifications will be needed due to ‘same band’ wording. One example:
If the UE is configured with FR2 inter-band CA and operating in common beam management mode, then Tactivation_time is TFirstSSB+ 5ms provided: 
- The UE is provided with SMTC for the target SCell, and 
- The SSBs in the serving cell(s) and the SSBs in the SCell fulfil the condition defined in clause 3.6.3.
In this case, because of inter-band CA in FR2, the UE will already have knowledge about the assumed Rx beam. It seems unclear if there would be a need for AGC settling time. This discussion seems related to the need for BFD on at least one SCell in the band would be necessary (as discussed in section 2.2.2) 

Conclusion
RAN4 has been working on FR2 inter-band CA requirements. In last RAN4#94bis meeting some agreements were reached and captured in [1]. The basic framework of the requirements works was agreed. In this paper we discuss further on these basic principles as they are important for defining the FR2 inter-band CA requirements covering both common/independent beam and common/independent beam management.
Regarding interruption discussion:
1. A UE supporting IBM shall support collocated deployment with a common angle of arrival.
Lack of uplink resource does not limit to only CBM in downlink CA.
CBM should be considered as the baseline operation for inter-band DL CA for L+L.
IBM should be considered as the baseline operation for inter-band DL CA for L+H.
1. An IBM capable UE configured in CBM mode would cause interruptions as defined currently for inter-band CA interruptions.
1. An CBM capable UE would cause interruptions according to intra-band CA interruptions.
Regarding the Beam Management
IBM requirements apply only to a UE configured to operate in IBM mode.
Rel-15 requirement related to BM for PCell and PSCell are unchanged when operating in IBM mode.
For a UE configured in IBM mode, it is sufficient to perform BFD and CBD in one of the SCells located the other band than the PCell or PSCell.
A UE operating in CBM mode would need to follow the existing Rel-15 and Rel-16 BM requirements.
UE need to perform BFD in at least 1 cell per band when UE is configured with FR2 inter-band CA in CBM mode.
Considering scheduling restrictions:
The requirements applicable for UE capable of both CBM and IBM when operating in IBM mode, apply to an IBM capable UE configured to operate in CBM mode.
Use the discussion from simultaneousRxTxInterbandCA for addressing collision between UL/DL Tx. 
Support of different numerologies is a UE capability issue.
On measurement restrictions:
When defining UE measurement restriction requirements, the UE capable of IBM but operating in CBM mode should be accounted.
A UE capable of both IBM and CBM is operated in CBM mode would not cause inter-band measurement restrictions.
Concerning SCell activation delay:
Use existing ‘SCell being activated belongs to FR2 and if there is at least one active serving cell on that FR2 band’ requirements as baseline when SCell being activated belongs to FR2 and if there is no active serving cell on that FR2.
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