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Introduction
The WID on NR RF enhancement for FR2 need to be discussed in RAN4 from this meeting, and one objective of this WID for inter-band DL CA enhancement is listed as follows:
	· Inter-band DL CA enhancements [RAN4 RF/RRM]
· [bookmark: OLE_LINK5][bookmark: OLE_LINK4]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). 
· [bookmark: OLE_LINK24][bookmark: OLE_LINK28]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.
· [bookmark: OLE_LINK26]Study and if feasible define 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.


In this contribution, we provide the discussion on FR2 inter-band DL CA enhancement.
Discussion
[bookmark: OLE_LINK6][bookmark: OLE_LINK232][bookmark: OLE_LINK233][bookmark: OLE_LINK665][bookmark: OLE_LINK666][bookmark: OLE_LINK667]In Rel-16, the RRM impacts of FR2 inter-band DL CA including both IBM and CBM were discussed. However, only CA_n257A-n259A based on IBM type is introduced in Rel-16, then RAN4 has defined the RRM requirements only applied for IBM based FR2 inter-band DL CA with including only two NR FR2 operating bands. In Rel-17, new band combinations for IBM will be introduced and UE requirements for inter-band CA with CBM also need to be defined. RAN4 needs to study whether Rel-16 IBM based RRM requirements could be applied for new band combinations. Besides, the RRM requirements applied for CBM based FR2 inter-band CA also need to be defined.
According to the previous discussion in Rel-16, RAN4 identified that the following requirements would be impacted due to introducing FR2 inter-band CA.
· Scaling factor CSSFoutside_gap
· Interruption requirements
· SCell activation requirements
· Beam management requirements
· Scheduling/measurement restriction requirements
[bookmark: OLE_LINK23]The scaling factor CSSFoutside_gap in Rel-16 is defined with the limitation that only two FR2 bands are involved for FR2 inter-band CA. If band combinations with more than two FR2 bands will be introduced in Rel-17, then the existing requirements on scaling factor CSSFoutside_gap need to be revised.
[bookmark: OLE_LINK29][bookmark: OLE_LINK30]Observation 1: The existing requirements on scaling factor CSSFoutside_gap in Rel-16 are not applied for FR2 inter-band CA with more than two bands.
Proposal 1: The requirements on scaling factor CSSFoutside_gap need to be revised if FR2 inter-band CA with more than two bands will be introduced in Rel-17.
For interruption requirements, RAN4 agreed that the existing interruption can be reused for IBM based FR2 inter-band CA with the assumption of separate RF chains. For CBM based FR2 inter-band CA, RAN4 achieved the agreements in [2] as below:
	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.
· [bookmark: OLE_LINK27]Option 3: RAN4 RRM need feedback on the RF architectures of common beam UEs from RF session, e.g. in different band combinations.


Due to no conclusion on RF architectures, the interruption requirements applied for CBM based FR2 inter-band CA could not be concluded in Rel-16.
[bookmark: OLE_LINK174][bookmark: OLE_LINK175]Proposal 2: The interruption requirements applied for CBM based FR2 inter-band CA need to be introduced in Rel-17, which need RF inputs on the RF architecture of CBM type UE.
For FR2 inter-band CA, a SCell being activated could be divided into two cases.
	· Case 1: SCell being activated belongs to FR2 and if there is at least one active serving cell on that FR2 band
· 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


The existing SCell activation delay requirements in Case 1 can be applied for both CBM type UE and IBM type UE, while the existing SCell activation delay requirements in Case 2 can be applied only for IBM type UE. Then, the SCell activation delay requirements in Case 2 applied for CBM type UE need to be specified in Rel-17.
Proposal 3: The SCell activation requirements in Case 2 applied for CBM type UE need to be defined.
· 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.
The following aspects need to be studied for the SCell activation delay requirements in Case 2 applied for CBM type UE.
· 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.
[bookmark: OLE_LINK147][bookmark: OLE_LINK148]The AGC settling time is related to RF architectures of CBM type UE, and the cell search time relies on the MRTD requirements for CBM type UE.
Observation 2: How to define the SCell activation requirements for CBM type UE depends on the RF architecture and MRTD requirements for CBM type UE.
For beam management, the existing BFD/CBD requirements on PCell/PSCell/SCell are applied with no more than 1 serving cell per band or with no more than 1 serving cell per set of bands that it can receive with a common beam, which can be applied for both IBM type UE and CBM type UE. There is no impacts on current BFD/CBD requirements due to introducing CBM type UE.
Observation 3: The existing BFD/CBD requirements in Rel-16 can be applied for CBM type UE.
For scheduling/measurement restrictions, since the UE uses the common beam for different serving cells in the same FR2 band, there are scheduling/measurement restrictions between different serving cells in the same FR2 band. For example, the existing scheduling/measurement restriction requirements due to SSB based beam failure detection for FR2 intra-band CA are defined as below:
	· Scheduling restrictions
When intra-band carrier aggregation in FR2 is configured, the scheduling restrictions on to one serving cell apply to all serving cells in the same band on the symbols that fully or partially overlap with restricted symbols.
· Measurement restrictions
For FR2, when the SSB for BFD 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 BFD measurement and CSI-RS. Longer measurement period for SSB based BFD measurement is expected, and no requirements are defined.


Similarly, there are scheduling/measurement restrictions between different serving cells among a set of bands that the UE can receive with a common beam. Hence, the existing scheduling/measurement restriction requirements for FR2 intra-band CA need to be extended for FR2 inter-band CA with CBM type.
[bookmark: OLE_LINK172][bookmark: OLE_LINK173]Proposal 4: In Rel-17, the existing scheduling/measurement restriction requirements applied for FR2 intra-band CA need to be extended to FR2 inter-band CA with CBM type UE.
[bookmark: OLE_LINK149][bookmark: OLE_LINK152][bookmark: OLE_LINK150][bookmark: OLE_LINK151][bookmark: OLE_LINK155]As we mentioned above, the SCell activation delay requirements for CBM type UE depend on the assumption on RF architectures and the MRTD requirements for CBM type UE. In Rel-16, the MRTD requirements for FR2 inter-band CA is defined as 8us, which can be applied for IBM type UE. However, whether the existing MRTD requirements for FR2 inter-band CA can be applied for CBM type UE need to be studied.
[bookmark: OLE_LINK159][bookmark: OLE_LINK160][bookmark: OLE_LINK161][bookmark: OLE_LINK170][bookmark: OLE_LINK162]The MRTD requirements are determined by the BS TAE requirement and the maximum propagation delay difference between serving cells. In TS38.104, the BS TAE requirement for FR2 inter-band CA is defined as 3us. The maximum propagation delay difference relies on the network deployment.
[image: ]
Figure 1: Examples of network deployment for CBM type UE
[bookmark: OLE_LINK169][bookmark: OLE_LINK171]For co-located deployment, the propagation delay difference can be assumed as zero. For non-co-located deployment, the maximum propagation delay difference can be assumed as the propagation time between two serving cells.
[bookmark: OLE_LINK178][bookmark: OLE_LINK177]Proposal 5: RAN4 need to investigate the MRTD requirements for FR2 inter-band CA with CBM type UE, which rely on the BS TAE requirements and the network deployment for CBM type UE.

Conclusions
This contribution provides the discussion on FR2 inter-band DL CA enhancement. The following are provided:
Observation 1: The existing requirements on scaling factor CSSFoutside_gap in Rel-16 are not applied for FR2 inter-band CA with more than two bands.
Proposal 1: The requirements on scaling factor CSSFoutside_gap need to be revised if FR2 inter-band CA with more than two bands will be introduced in Rel-17.
Proposal 2: The interruption requirements applied for CBM based FR2 inter-band CA need to be introduced in Rel-17, which need RF inputs on the RF architecture of CBM type UE.
Proposal 3: The SCell activation requirements in Case 2 applied for CBM type UE need to be defined.
· 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.
Observation 2: How to define the SCell activation requirements for CBM type UE depends on the RF architecture and MRTD requirements for CBM type UE.
Observation 3: The existing BFD/CBD requirements in Rel-16 can be applied for CBM type UE.
[bookmark: OLE_LINK168][bookmark: OLE_LINK176]Proposal 4: In Rel-17, the existing scheduling/measurement restriction requirements applied for FR2 intra-band CA need to be extended to FR2 inter-band CA with CBM type UE.
Proposal 5: RAN4 need to investigate the MRTD requirements for FR2 inter-band CA with CBM type UE, which rely on the BS TAE requirements and the network deployment for CBM type UE.
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