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Introduction
[bookmark: _GoBack]In last meetings RAN4 has been working on FR2 inter-band CA requirements. In last RAN4#95 meeting some further agreements were reached and captured in [3] in addition to those already agreed in [1]. Good progress was made in last meeting while some open aspects still exist. Only one meeting is left to complete this work item, therefore, it is proposed (aligned with our proposal in RF in [7]) to complete the work for less controversial inter-band band CA combination in Rel-16 and continue to work other combinations in Rel-17.

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.

Inter-band CA requirements finalization
In our paper related to the RF discussion [7] we discuss and propose following: 
[bookmark: _Hlk47425850]So far L+H band combination (i.e., n260+n261) has been already allocated to some operators. This band combination is most likely the first inter-band CA to be deployed in commercial networks. Therefore, it is proposed to focus on this band combination in Rel-16. To avoid technical complexities. It is also proposed to have one CC per band in Rel-16.
[bookmark: _Hlk47468277]Proposal 1: Only one CA configuration CA_n260A-n261A is completed in Rel-16.
Both collocated and non-collocated deployment have been discussed for FR2 inter-band CA. It is proposed to focus on the collocated deployment in Rel-16, so that both IBM and CBM shall work to support such deployment.
[bookmark: _Hlk47468461][bookmark: _Hlk47423522]Proposal 2: Only collocated deployment is assumed for CA_n260A-n261A in Rel-16 timeframe, i.e., only a single AoA configuration is required.
As already discussed in [9], IBM shall be considered for this band combination by default.
Proposal 3: IBM is assumed for CA_n260A-n261 by default without UE capability in Rel-16.
However, the core and performance requirement does not exclude CBM implementation for L+H combination, because only a single AoA is considered in Rel-16. Network configures beam resource management in each band to support both CBM and IBM based UEs for inter-band CA but UE can assume a single AoA.
The power imbalance is also proposed as presented in [9].
Proposal 4: The maximum power imbalance is assumed 6.5 dB for CA_n260A-n261A regardless of collocated and non-collocated deployment.
Proposal 5: Other open issues are to be postponed to Rel-17, such as introduction of CBM requirement (especially for L+L comb), UE capabilities and other band combinations and configurations.

From RRM requirements point of view, this means that RRM requirements would need to be defined based on those assumptions. Hence, we propose to define RRM requirements for IBM capable UE assuming collocated deployments using an L+H FR2 inter-band CA combo for Rel-16. Other configurations and related requirements will be postponed till Rel-17. 
RAN4 will define RRM requirements for IBM capable UE assuming collocated deployments using an L+H FR2 inter-band CA combo for Rel-16.
In general, we see that this can be done by defining requirements assuming collocated deployments and accounting the IBM capable UEs capability of operating with independent beams in collocated deployments. Our view is that with these assumptions it is possible to finalize the work in Rel.16. Additionally, this would be well aligned with the work done in last meeting.

General Considerations
Following the proposal 1, we look at how the framework for the RRM requirements could be:
1) Only one CA configuration CA_n260A-n261A is completed in Rel-16: This is an L+H combo which is assumed to be using separate HW components for each band. This also means from RRM point of view that the requirements could be developed based on the assumption that existing inter-band CA can be applied.
2) Only collocated deployment is assumed for CA_n260A-n261A in Rel-16 timeframe, i.e., only a single AoA configuration is required: This means that RAN4 does not need to consider requirements for independent beam management as collocation is assumed and UE Rx beams will be unidirectional.
3) IBM is assumed for CA_n260A-n261 by default without UE capability in Rel-16: Hence, RAN4 will only need to define requirements based on IBM capable UE assumption without capability indication. 
Following we analyse the RRM requirements based on these assumptions.

CBM/IBM Interruption Requirements
Following the proposal 1, we next look at the agreements already made in RAN4 and the possible open items listed in earlier meeting [3].
In WF [3] it is listed:
For a FR2 inter-band CA combination with using independent beam management, the existing interruption requirements for inter-band CA can be applied.
The following options are considered on how to define the interruption requirements for FR2 inter-band CA for CBM UE.
· Option 1: the existing interruption requirements of intra-band CA can be applied.
· Option 2: 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.
· Option 3: RAN4 RRM need feedback on the RF architectures of common beam UEs from RF session, e.g. in different band combinations.

Interruption requirements for IBM
[bookmark: _Hlk40462003]In the WF it was agreed that for a FR2 inter-band CA combination with using independent beam management, the existing interruption requirements for inter-band CA can be applied. Such UE would only require interrupts according to inter-band CA requirements. This is illustrated in figure 1 (modified from [4]):
[image: ]
Figure 1 Illustration of an IBM and a CBM capable UE operating in collocated deployment.
The IBM capable UE will be able to operate other CC independently (assuming this is a supported inter-band CA combo) although the deployment is collocated. 
This agreement was captured in the WF [3] and agreed in [5]. However, the CR text capturing this agreement accidently changed the legacy requirements by amending the new requirement as a general requirement instead of stating that the new interrupt requirement applicable for a UE capable of IBM. The agreed text from [5]:
[bookmark: _Hlk47376293]The requirements in this clause shall apply for the UE configured with PSCell.
When one SCell in SCG is added or released:
-	the UE is allowed an interruption on any active serving cell in SCG:
-	of up to X1 slot, if the active serving cell is not in the same band as any of the SCells being added or released, provided the active serving cell and the SCell being added or released are in a band pair with independent beam management, 
The amendment is made as generic requirement and not conditioned which means that the behavior for all Rel-16 UEs is changed. Hence, the generic Rel-16 requirement should stay unchanged while the new Rel-16 requirement adding the interruption requirement for the UE capable of IBM should be added as a new requirement for devices supporting that feature.
We suggest following TP accounting default capability is IBM capable UE without capability signaling:
The requirements in this clause shall apply for the UE configured with PSCell.
When one SCell in SCG is added or released:
-	the UE is allowed an interruption on any active serving cell in SCG:
-	of up to X1 slot, if the active serving cell is not in the same band as any of the SCells being added or released.
[bookmark: _Hlk47709895]-	of up to X1 slot, for a UE supporting inter-band CA in FR2 with independent beam management provided the active serving cell and the SCell being added or released are in a band pair with independent beam management.
In [9] we have a CR capturing the change in change 1, 2 and 3.

Interruption requirements for CBM
The details related to interruption requirements for CBM was not agreed in last meeting. Assuming baseline UE is IBM capable UE, there is no need to define interruptions for CBM capable UE. This can be done in Rel-17.
RAN4 does not define RRM interruption requirements for CBM capable UEs in Rel-16.
  
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 deployment and use case (collocated or non-collocated deployments) 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 non-collocated deployments (IBM mode)
No new agreements were listed in the last meeting related to BM for IBM. 
Only UEs supporting IBM can be configured to operate with independent beam management. Based on the proposed baseline UE assumption the IBM scenario illustrated in figure 2 will not be supported in Rel-16 and there would be no need to define related RRM requirements (modified from [4]):
[image: ]
Figure 2 Illustration of an IBM capable UE operating in non-collocated deployment with IBM
However, the deployment illustrated in figure 1 is supported.
RAN4 does not define Beam management requirements for IBM UEs in non-collocated deployments in Rel-16.
Hence, there is a need to define beam management related requirements for and IBM capable UE in collocated deployments. When discussing these requirements, it would be good to discuss at least two aspect a bit more.
First aspect relates to when the UE support IBM and is configured to operate in collocated deployments 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 used for BM from another band?
Second aspect to clarify is that if the UE is configured to operate in collocated deployments 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 only based on the fact that the UE is operating in collocated deployment and hence, Rx spatial filters for both CCs will be 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.
UE need to perform BFD in at least 1 cell per band when UE is configured with FR2 inter-band CA.

UE configured to operate in CBM mode
Assuming baseline UE is IBM capable UE, there is no need to define beam management related RRM requirements for CBM capable UE. This can be done in Rel-17.
RAN4 does not define beam management requirements for CBM capable UEs in Rel-16.

Scheduling Restriction
For UE capable of IBM operating collocated deployments (common Rx beams), the requirements applicable for the IBM capable UE when operating with IBM, apply.
[bookmark: _Hlk40462275]The requirements applicable for UE capable of IBM, apply when the IBM capable UE is operating in collocated deployments.
Hence, in general there would be no scheduling restrictions. This is also captured in [5]. However, the CR text states:
When inter-band carrier aggregation in FR2 is performed with independent beam management, there are no scheduling restrictions on FR2 serving cell(s) in the bands due to radio link monitoring performed on FR2 serving PCell or PSCell in different bands.
[bookmark: _Hlk47434612]It is unclear what ‘with independent beam management’ cover as the requirement applies to a UE capable of IBM. Hence, it also applies to the IBM capable UE in collocated deployment and hence when common beam management could be used.
Assuming the proposed baseline assumptions the requirement should be clarified. Additionally, we assume that the scheduling restriction rules only applies between bands in the supported inter-band CA combo:
[bookmark: _Hlk47711622]When inter-band carrier aggregation in FR2 is performed with independent beam management, there are no scheduling restrictions on FR2 serving cell(s) in the bands due to radio link monitoring performed on FR2 serving PCell or PSCell in different bands, provided that PCell and PSCell are in FR2 and the PCell and PSCell are in a band pair supporting independent beam management.

Additionally, during the 95 discussions concerns were raised related to different numerologies and collision between UL and DL transmission [3]:
FFS whether to define the scheduling restrictions for the following cases for both IBM UE and CBM UE.
Case 1: network configures simultaneous UL/DL between between two FR2 bands if the UE does not have the capability of supporting simultaneousRxTxInterBandCA.
Case 2: network configures mixed numerology on two FR2 CCs if the UE does not have the capability of supporting simultaneous reception with two different numerologies between FR2 CCs in DL.
Case 3: network configures mixed numerology between SSB and data on two FR2 bands if the UE does not have the capability of simultaneousRxDataSSB-DiffNumerology in FR2.
Although listed in the WF [3] as open for further discussion these requirements seem to have been included into the CR [5]. However, the requirement is introduced in a manner making it a Rel-16 general requirement which is not the case. Example:
8.1.7.3	Scheduling availability of UE performing radio link monitoring on FR2
The scheduling availability requirements in this clause are not applicable if any of the following condition is met:
-	The network configures simultaneous UL/DL between two FR2 bands if the UE does not have the capability of supporting simultaneousRxTxInterBandCA.
-	The network configures mixed numerology on two FR2 CCs if the UE does not have the capability of supporting simultaneous reception with two different numerologies between FR2 CCs in DL.
-	The network configures mixed numerology between SSB and data on two FR2 bands if the UE does not have the capability of simultaneousRxDataSSB-DiffNumerology in FR2.
The requirement should as minimum be written such that it is clear that it applies to inter-band CA. Additionally, we assume it applies to CCs of a supported inter-band CA combo. One way this could be defined would be:
8.1.7.3	Scheduling availability of UE performing radio link monitoring on FR2
For a UE configured with inter-band CA Tthe scheduling availability requirements restrictions in this clause are not applicable if any of the following condition is met provided that the two CCs are in FR2 and the CCs are in a band pair supporting independent beam management:
-	The network configures simultaneous UL/DL between two FR2 bands if the UE does not have the capability of supporting simultaneousRxTxInterBandCA.
-	The network configures mixed numerology on two FR2 CCs if the UE does not have the capability of supporting simultaneous reception with two different numerologies between FR2 CCs in DL.
-	The network configures mixed numerology between SSB and data on two FR2 bands if the UE does not have the capability of simultaneousRxDataSSB-DiffNumerology in FR2.
However, we would propose to remove these lines as RAN4 normally do not make UE requirements covering erroneous network configuration. Hence, it is assumed that network is configuring the UE according to the indicated UE capabilities. Otherwise, no UE requirements are assumed applicable (network configuration error).
Remove the scheduling availability requirements text introduced in [5].
Additionally, it is not clear what it means when the requirement states: ‘The scheduling availability requirements in this clause are not applicable if any of the following condition is met’ – does this mean UE has no scheduling restrictions and can be scheduled without restrictions?
In [9] we have a CR capturing the change in change 4, 5, 6, 7 and 8.

Measurement Restrictions
In the last meeting it was agreed that for CBM capable UEs in FR2 inter-band CA, the existing measurement restriction requirements for FR2 is applied for the RLM/BFD/CBD/L1-RSRP measurements being performed on different FR2 bands. However, no CR capturing the agreement was agreed. Using the baseline assumptions [7] there is no need to capture the CBM specific requirements in Rel-16.
Measurement restriction requirements for CBM in FR2 inter-band CA for the RLM/BFD/CBD/L1-RSRP measurements being performed on different FR2 bands are not defined in Rel-16. 
Measurement restriction requirement for FR2 inter-band CA with IBM assumption were also agreed with 2 conditions. It was agreed that there are no measurement restrictions for the RLM/BFD/CBD/L1-RSRP measurements being performed on different FR2 bands. This is conditioned:
· Network does not configure mixed numerology on two FR2 CCs if the UE does not have the capability of supporting simultaneous reception with two different numerologies between FR2 CCs in DL.
· Network does not configure mixed numerology between SSB and CSI-RS on two FR2 bands if the UE does not have such capability of simultaneousRxDataSSB-DiffNumerology in FR2
However, no CR was agreed capturing these agreements. A CR is provided in [9] assuming not capturing conditions related to erroneous network configuration.
Two items were left open in the WF from last meeting:
FFS whether to define the measurement restrictions for the following cases for both IBM and CBM.
· Case 1: network configures mixed numerology on two FR2 CCs if the UE does not have the capability of supporting simultaneous reception of with different numerologies between FR2 CCs in DL.
· Case 2: network configures mixed numerology between SSB and CSI-RS on two FR2 bands if the UE does not have the capability of simultaneousRxDataSSB-DiffNumerology in FR2.
Accounting the timeline of the WI we suggest not to address these two cases. If needed they can be addressed in Rel-17 timeframe.
RAN4 will not address measurement restrictions if UE is configured against its capabilities.

SCell activation delay requirements
Concerning SCell activation discussion following was agreed earlier:
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 for IBM capable UE: 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 was agreed in last meeting and captured in [8]. Although capturing the agreement, the CR was made such that it removes the baseline requirements and make the new Rel-16 IBM UE requirements for SCell activation delay as default. Hence, a similar correction as done in section 2.2.1 is needed.
If 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 in FR1 or in FR2:
If the target SCell is known to UE and semi-persistent CSI-RS is used for CSI reporting, then Tactivation_time is:
-	TFineTiming + 5ms, if UE receives the SCell activation command, semi-persistent CSI-RS activation command and TCI state activation command at the same time.
-	Tuncertainty_MAC +TFineTiming + 5ms, if UE receives TCI state activation command after SCell activation command.
If the target SCell is known to UE and periodic CSI-RS is used for CSI reporting, then Tactivation_time is:
-	max(Tuncertainty_MAC + 5ms + TFineTiming, Tuncertainty_RRC + TRRC_delay-THARQ), where Tuncertainty_MAC=0 if UE receives the SCell activation command and TCI state activation commands at the same time.
If the PCell/PSCell and the target SCell are in a band pair with independent beam management and the target SCell is unknown to UE and semi-persistent CSI-RS is used for CSI reporting, provided that the side condition Ês/Iot ≥ [-2]dB is fulfilled, then Tactivation_time is:
-	8ms+24*Trs  + Tuncertainty_MAC + TL1-RSRP, measure + TL1-RSRP, report  + THARQ + TFineTiming 
If the PCell/PSCell and the target SCell are in a band pair with independent beam management and the target SCell is unknown to UE and periodic CSI-RS is used for CSI reporting, provided that the side condition Ês/Iot ≥ [-2]dB is fulfilled, then Tactivation_time is:
-	3ms + 24*Trs + TL1-RSRP, measure + TL1-RSRP, report + {(THARQ + Tuncertainty_MAC + 5ms + TFineTiming), (Tuncertainty_RRC + TRRC_delay)}.
Is proposed changed to:
If 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 in FR1 or in FR2:
If the target SCell is known to UE and semi-persistent CSI-RS is used for CSI reporting, then Tactivation_time is:
-	TFineTiming + 5ms, if UE receives the SCell activation command, semi-persistent CSI-RS activation command and TCI state activation command at the same time.
-	Tuncertainty_MAC +TFineTiming + 5ms, if UE receives TCI state activation command after SCell activation command.
If the target SCell is known to UE and periodic CSI-RS is used for CSI reporting, then Tactivation_time is:
-	max(Tuncertainty_MAC + 5ms + TFineTiming, Tuncertainty_RRC + TRRC_delay-THARQ), where Tuncertainty_MAC=0 if UE receives the SCell activation command and TCI state activation commands at the same time.
If the PCell/PSCell and the target SCell are in a band pair with independent beam management and the target SCell is unknown to UE and semi-persistent CSI-RS is used for CSI reporting, provided that the side condition Ês/Iot ≥ [-2]dB is fulfilled, then Tactivation_time is:
-	8ms+24*Trs  + Tuncertainty_MAC + TL1-RSRP, measure + TL1-RSRP, report  + THARQ + TFineTiming 
If the PCell/PSCell and the target SCell are in a band pair with independent beam management and the target SCell is unknown to UE and periodic CSI-RS is used for CSI reporting, provided that the side condition Ês/Iot ≥ [-2]dB is fulfilled, then Tactivation_time is:
-	3ms + 24*Trs + TL1-RSRP, measure + TL1-RSRP, report + {(THARQ + Tuncertainty_MAC + 5ms + TFineTiming), (Tuncertainty_RRC + TRRC_delay)}.

[bookmark: _Hlk47712932]For a UE supporting inter-band CA with independent beam management, if 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 in FR2 and the PCell or PSCell and SCell being activated are in a band pair with independent beam management:
If the target SCell is known to UE and semi-persistent CSI-RS is used for CSI reporting, then Tactivation_time is:
-	TFineTiming + 5ms, if UE receives the SCell activation command, semi-persistent CSI-RS activation command and TCI state activation command at the same time.
-	Tuncertainty_MAC +TFineTiming + 5ms, if UE receives TCI state activation command after SCell activation command.
If the target SCell is known to UE and periodic CSI-RS is used for CSI reporting, then Tactivation_time is:
-	max(Tuncertainty_MAC + 5ms + TFineTiming, Tuncertainty_RRC + TRRC_delay-THARQ), where Tuncertainty_MAC=0 if UE receives the SCell activation command and TCI state activation commands at the same time.
If the PCell/PSCell and the target SCell are in a band pair with independent beam management and the target SCell is unknown to UE and semi-persistent CSI-RS is used for CSI reporting, provided that the side condition Ês/Iot ≥ [-2]dB is fulfilled, then Tactivation_time is:
-	8ms+24*Trs  + Tuncertainty_MAC + TL1-RSRP, measure + TL1-RSRP, report  + THARQ + TFineTiming 
If the PCell/PSCell and the target SCell are in a band pair with independent beam management and the target SCell is unknown to UE and periodic CSI-RS is used for CSI reporting, provided that the side condition Ês/Iot ≥ [-2]dB is fulfilled, then Tactivation_time is:
-	3ms + 24*Trs + TL1-RSRP, measure + TL1-RSRP, report + {(THARQ + Tuncertainty_MAC + 5ms + TFineTiming), (Tuncertainty_RRC + TRRC_delay)}.
Above change is captured in [9] in change 9.
For a UE supporting ‘IBM-capability’, if the SCell being activated belongs to FR2 and if there is an active serving cell on that FR2 band and the PCell or PSCell is in FR2 and the PCell or PSCell and SCell being activated are in a band pair with independent beam management, should already be covered by the existing requirement. However, the requirements will not be specifically stated and hence not clear. This may make future reading and understanding of the UE requirements for this case difficult. Hence, to ensure future readability we propose to explicitly define the related requirements in 38.133.
Specifically define the requirements for ‘SCell being activated belongs to FR2 and there is an active serving cell on that FR2 band and the PCell or PSCell is in FR2 and the PCell or PSCell and SCell being activated are in a band pair with independent beam management’.
This can be done as:
If the SCell being activated belongs to FR2 and if there is at least one active serving cell on that FR2 band, or;
[bookmark: _Hlk47713122]If the UE support ‘IBM-capability’, if the SCell being activated belongs to FR2 and if there is an 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.
If the SCell being activated belongs to FR2 and if there is at least one active serving cell on that FR2 band, if the UE is not provided with any SMTC for the target SCell, Tactivation_time is 3 ms, provided
-	the RS (s) of SCell being activated is (are) QCL-TypeD with RS (s) of one active serving cell on that FR2 band.
Requirements for SCell activation delay for CBM capable UE when the SCell is known was agreed in last meeting. Still open in for FFS are the requirements related to CBM capable UE when the SCell is unknown. However, based on using IBM capable UE as default in Rel-16 and only address CBM related requirements in Rel-17, there is no need to these requirements.
RAN4 does not define SCell activation delay for CBM capable UE in Rel-16.

Conclusion
Only one meeting is left to complete this work item, therefore, it is proposed (aligned with our proposal in RF in [7]) to complete the work for less controversial inter-band band CA combination in Rel-16 and continue to work other combinations in Rel-17. Therefore, we propose:
1. RAN4 will define RRM requirements for IBM capable UE assuming collocated deployments using an L+H FR2 inter-band CA combo for Rel-16.
Besides this a number of open items has been discussed leading to following proposals in order to finalize the work in this meeting:
RAN4 does not define RRM interruption requirements for CBM capable UEs in Rel-16.
RAN4 does not define Beam management requirements for IBM UEs in non-collocated deployments in Rel-16.
UE need to perform BFD in at least 1 cell per band when UE is configured with FR2 inter-band CA.
RAN4 does not define beam management requirements for CBM capable UEs in Rel-16.
The requirements applicable for UE capable of IBM, apply when the IBM capable UE is operating in collocated deployments.
Remove the scheduling availability requirements text introduced in [5].
Measurement restriction requirements for CBM in FR2 inter-band CA for the RLM/BFD/CBD/L1-RSRP measurements being performed on different FR2 bands are not defined in Rel-16. 
RAN4 will not address measurement restrictions if UE is configured against its capabilities.
Specifically define the requirements for ‘SCell being activated belongs to FR2 and there is an active serving cell on that FR2 band and the PCell or PSCell is in FR2 and the PCell or PSCell and SCell being activated are in a band pair with independent beam management’.
RAN4 does not define SCell activation delay for CBM capable UE in Rel-16.
In [9] we have provided a CR capturing the proposals 2-11 based on proposal 1.
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