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In this contribution, we provide our views on RRM requirements for FR2 inter-band DL CA UEs operating with common beam management (CBM). In this paper we also discuss measurement capabilities for DL inter-band and UL inter-band in FR2.
Discussion
Measurement capabilities
Existing measurement capabilities of section 3.6.2.1 and 9.2.3.2 of TS 38.133 are agreed considering FR1 and FR2 intra-band CA and FR1 inter-band CA. Considering the large passband and smaller channel BW (can be as small as 50 MHz) we feel that existing number of carriers for FR2 inter-band CA are limiting especially considering large BW available in FR2 bands. To make better use of FR2 inter-band CA larger bandwidths, we feel RAN4 shall look at revising the measurement capabilities. 
	[bookmark: _Toc5952526]3.6.2.1            Number of serving carriers for SA
Requirements for standalone NR with NR PCell are applicable for the UE configured with the following number of serving NR CCs:
-     up to 8 NR DL CCs in total, with 1 UL (or 2 UL if SUL is configured) in PCell and up to 1 UL (or 2 UL if SUL is configured) in SCell.
-     SUL may be configured together with one of the UL
9.2.3.2            Requirements for FR2
For one single intra-frequency layer in a band, during each layer 1 measurement period, the UE shall be capable of performing SS-RSRP, SS-RSRQ, and SS-SINR measurements for at least:
-     6 identified cells, and
-     24 SSBs with different SSB index and/or PCI,
where this single intra-frequency layer shall be:
-     PCC when UE is configured with SA NR operation mode with PCC in the band; or
-     PSCC when UE is configured with EN-DC with PSCC in the band; or
-     PSCC when UE is configured with NR-DC with PSCC in the band; or
-     One of the SCCs on which UE is configured to report SSB based measurements when neither PCC nor PSCC is in the same band, so that the selected SCC shall be an SCC where the UE is configured with SS-RSRP measurement reporting if such SCC exists, otherwise the selected SCC is determined by UE implementation.



Due to this we propose to revise the existing requirements for FR2 inter-band CA and make the existing measurement capabilities to be applicable for each band. 
Further considering the IBM operation, UE can separate UL beams too. Hence, we feel that 1 additional UL can be supported for FR2 inter-band CA.
Proposal 1: Measurement capabilities of clause 3.6.2.1 for FR2 inter-band CA shall be revised to following
· up to 16 NR DL CCs in total, with 2 UL (or 3 UL if SUL is configured) in PCell and up to 2 UL (or 3 UL if SUL is configured) in SCell.
· SUL may be configured together with one of the UL.
Proposal 2: Measurement capabilities of clause 9.2.3.2 for FR2 inter-band CA shall be clarified that they are applicable for per band. 
RRM requirements of FR2 inter-band CA CBM UEs
As for the WF [1] agreed in RAN4#100-e meeting, following are the open issues w.r.t RRM requirements of FR2 inter-band CA for CBM UE.
· Interruption requirements
· Measurement restrictions
· SCell activation delay requirements
· Scheduling restriction

We discuss our views on the open issues in subsequent sub-sections.

Interruption requirements 
In RAN4#100-e meeting following WF [1] was agreed.
· Option 1: The existing Rel16 interruption requirements of intra-band CA shall be applied 
· Option 2: Existing interruption requirements for (non-IBM) inter-band CA in R15/R16 can be reused for CBM type UE in R17 
· Option 3: Interruption requirements which may be impacted by MRTD>X should be FFS
UE operating with CBM in FR2 inter-band CA, UE supposed to receive using single RX beam at any given point in time. From this perspective CBM UE operation is similar to intra-band CA, where UE receives using single beam at a given time. Following the same principle, intra-band CA requirements can be re-used for FR2 inter-band CA for CBM operation. 
With MRTD of 3µs agreed, our understanding is interruption length will not change but the location of interruption may be shifted by 1 OFDM based on serving cell is received ahead of other serving cells or the other way around.
Proposal 3: The existing Rel-16 interruption requirements of intra-band CA shall be applied for FR2 inter-band CA for CBM UE. Location of interruption is shifted by 1 OFDM symbol compared to interruption location of intra-band CA.
[bookmark: _Toc5952573]Measurement restrictions
In RAN4#100-e meeting following options are agreed in the WF [1].
· Option 1: RAN4 not to define additional measurement restrictions for CBM operation in FR2 inter-band CA 
· Option 2: Measurement restriction requirements need to be defined for CBM capable UE for FR2 inter-band CA scenario. 

From the RF session agreement of CBM definition “only one CC is configured with beam management RS” and “UE requirements for inter-band CA are defined within the same freq. group (e.g., 28GHz + 28GHz) for CBM”, our understanding is that there is no need to define any measurement restriction on other bands as there are no measurements are configured on the other bands. Based on the above analysis we make following proposal.
Proposal 4: RAN4 not to define any measurement restrictions for CBM operation in FR2 inter-band CA.
SCell activation delay requirements
With MRTD of 3µs agreed, our understanding is it will not have any impact on SCell activation delay. But it may have impact on location of interruption during SCell activation, it may be shifted by 1 OFDM based on whether serving cell is received ahead of other serving cells or the other way around.
Further, principle to define SCell activation delay requirements are agreed in RAN4#99-e meeting. Agreement [1] is copied below for reference.
Principle: 
· Option 1: When PCell/PSCell and the target SCell are in a FR2 band pair with CBM and the target SCell is unknown, following components can be reduced/removed from SCell activation requirements: 
· Option 1c: SSB-ID search latency for coarse timing estimation can be skipped if MRTD smaller than CP length is adopted for CBM inter-band CA 
· Option 1d: AGC settling time could be reduced for UE owing to following AGC settling in PCell/PSCell 
· Option 1e: TCI state indication and CSI reporting can be skipped as well for both semi-persistent and periodic CSI reporting. 
· Option 2: The definition of T_SMTC_MAX in SCell activation requirements shall be updated as below.
· For CBM Inter-band UE, the longer SMTC periodicity between active serving cells and SCell being activated in the bands supported for CBM.
· Option 3: The target SCell activation delay requirements defined for the scenario where there is at least one active serving cell in the band, can be applied 
In previous RAN4 meeting, co-location is assumed to derive the RRM requirements. By assuming SCell is in same band pair as PCell/PSCell, co-located with PCell/PSCell, and CBM operation, there is less chance that SCell will be (or need to) transmitting beams in other directions than PCell or PSCell. In CBM, for SCell, since the beam direction is same as PCell/PSCell, RX beam sweeping is not needed in our understanding. 
In unknown SCell activation, L1-RSRP measurements are needed for TCI state activation. Since it is CBM operation and co-location scenario, SCell may not be transmitted with different beam direction than PCell or PSCell. Hence for SCell activation L1-RSRP too may not be needed.   
SCell activation requirements for FR2 are shown below from TS 38.133, clause 8.3.2. In the existing requirement, RX beam sweeping and L1-RSRP related components are highlighted in yellow.
	If the PCell/PSCell and the target SCell are configured as FR1-FR2 CA or if the PCell/PSCell and the target SCell are in a FR2 band pair with common 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 ≥ -2dB is fulfilled, then Tactivation_time is:
-    3ms + TFirstSSB_MAX + Trs + THARQ +3ms+ max(Tuncertainty_MAC + TFineTiming + 2ms, Tuncertainty_SP).
 If the PCell/PSCell and the target SCell are configured as FR1-FR2 CA or if the PCell/PSCell and the target SCell are in a FR2 band pair with common 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 ≥ -2dB is fulfilled, then Tactivation_time is:
-    3ms + TFirstSSB_MAX + Trs + max {(THARQ + Tuncertainty_MAC + 3ms +2ms + TFineTiming), (Tuncertainty_RRC + TRRC_delay)}.



The uncertainty components in the above equations (highlighted in yellow) came due to the fact that beam information of SCell is not known to UE for unknown SCell and TCI state indication and CSI reporting can only be configured after beam sweeping and L1-RSRP reporting. 
However, in CBM operation, since beam directions can be assumed to be same (and hence known) as PCell/PSCell, TCI state information and CSI reporting (periodic and semi-persistent) can be configured beforehand and MAC-CE to activate TCI and CSI reporting can be clubbed and sent along with SCell activation MAC CE itself. 
Based on the above analysis we would like to propose one additional option for principle
Proposal 5: When PCell/PSCell and the target SCell are in a FR2 band pair with CBM and the target SCell is unknown, following components can be reduced/removed from SCell activation requirements.
· SSB samples for Rx beam sweeping 
· L1-RSRP measurement and reporting delay
· TCI state indication and CSI reporting can be skipped as well for both semi-persistent and periodic CSI reporting

By removing component arising from proposal 5, SCell activation delay for both semi-persistent CSI and periodic CSI reporting cases can be represented as following.
3ms + TFirstSSB_MAX + Trs + THARQ +  TFineTiming + 2ms
Proposal 6: MRTD do not have impact on Scell activation delay requirement and further SCell activation delay requirement for FR2 inter-band CA for CBM UE is given by: 3ms + TFirstSSB_MAX + Trs + THARQ + TFineTiming + 2ms.  
Summary and Conclusion
In this contribution we have analysed RRM requirements for CBM UE of FR2 inter-band CA  and measurement capabilities for DL inter-band CA and UL inter-band CA in FR2 and made following proposals. 
Proposal 1: Measurement capabilities of clause 3.6.2.1 for FR2 inter-band CA shall be revised to following
· up to 16 NR DL CCs in total, with 2 UL (or 3 UL if SUL is configured) in PCell and up to 2 UL (or 3 UL if SUL is configured) in SCell.
· SUL may be configured together with one of the UL.
Proposal 2: Measurement capabilities of clause 9.2.3.2 for FR2 inter-band CA shall be clarified that they are applicable for per band. 
Proposal 3: The existing Rel-16 interruption requirements of intra-band CA shall be applied for FR2 inter-band CA for CBM UE. Location of interruption is shifted by 1 OFDM symbol compared to interruption location of FR2 intra-band CA.
Proposal 4: RAN4 not to define any measurement restrictions for CBM operation in FR2 inter-band CA.
Proposal 5: When PCell/PSCell and the target SCell are in a FR2 band pair with CBM and the target SCell is unknown, following components can be reduced/removed from SCell activation requirements.
· SSB samples for Rx beam sweeping 
· L1-RSRP measurement and reporting delay
· TCI state indication and CSI reporting can be skipped as well for both semi-persistent and periodic CSI reporting

Proposal 6: MRTD do not have impact on Scell activation delay requirement and further SCell activation delay requirement for FR2 inter-band CA for CBM UE is given by: 3ms + TFirstSSB_MAX + Trs + THARQ + TFineTiming + 2ms.  
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