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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In this contribution, we provide our views on RRM requirements for FR2 inter-band CA UEs operating with common beam management (CBM). 
Discussion
As for the WF [1] agreed in RAN4#99-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#99-e meeting following WF [1] was agreed.
· [bookmark: _Hlk78663071]Option 1: The existing Rel16 interruption requirements of intra-band CA shall be applied (Xiaomi, OPPO, Ericsson, MTK)
· Option 2: Existing interruption requirements for inter-band CA in R15/R16 can be reused for CBM type UE in R17 (Huawei)
· Option 3: Existing non-IBM UE interruption requirements would be applicable for an inter-band CA CBM UE. (Nokia)
· Option 4: Need to agree on Issue 1-1-1 first (Intel)
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.
Proposal 1: The existing Rel16 interruption requirements of intra-band CA shall be applied for FR2 inter-band CA for CBM UE
[bookmark: _Toc5952573]Measurement restrictions
In RAN4#99-e meeting following options are agreed in the WF [1].
· Option1: RAN4 to discuss in detail whether and how to introduce scheduling restriction for the following section 
· Radio Link Monitoring
· 8.1.2.3 Measurement restrictions for SSB based RLM
· 8.1.3.3 Measurement restrictions for CSI-RS based RLM
· Link Recovery
· 8.5.2.3 Measurement restriction for SSB based beam failure detection
· 8.5.3.3 Measurement restrictions for CSI-RS beam failure detection
· 8.5.5.3 Measurement restriction for SSB based candidate beam detection
· 8.5.6.3 Measurement restriction for CSI-RS based candidate beam detection
· L1-RSRP/SINR measurements (Serving cell measurement)
· 9.5.5.1 Measurement restriction for SSB based L1-RSRP
· 9.5.5.2 Measurement restriction for CSI-RS based L1-RSRP
· 9.8.5.1 Measurement restriction if SSB configured for L1-SINR Measurement
· 9.8.5.2 Measurement restriction if CSI-RS configured for L1-SINR measurement
· 9.8.5.3 Measurement restriction if CSI-IM configured for L1-SINR measurement
· Option 2: RAN4 not to define any measurement restrictions for CBM operation in FR2 inter-band CA 
· CBM UEs only need to perform RLM/BFD/CBD/L1-RSRP measurements on one CC (PCC or PSCC).
· Option 3: Measurement restriction requirements need to be defined for CBM capable UE for inter-band CA scenario. 
· Existing Measurement restriction requirements would be applicable for an inter-band CA CBM UE but may need clarification aligned with the MRTD agreement.
· Option 4: CBM UE is not required to perform layer 1 measurements on multiple CCs
· Option 5: Need to agree on Issue 1-1-1 first 

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 2: RAN4 not to define any measurement restrictions for CBM operation in FR2 inter-band CA.
SCell activation delay requirements
Following WF [1] is agreed in last meeting to define SCell activation delay requirements 
· Agreement
Principle: Case 2: if PCell/PSCell and the target SCell are in a FR2 band pair with CBM and the target SCell is unknown, 
· Option 1: the SCell activation requirements shall be reduced 
· Option 1a: SSB samples for Rx beam sweeping shouldn’t be accounted for in unknown SCell activation latency requirement. 
· Option 1b: L1-RSRP measurement delay is not required in SCell activation delay 
Whether option 1a or 1b or both options can be reduced/removed from legacy SCell activation delay requirement to derive SCell activation delay requirement is not yet agreed. We provide our view below. 
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. Hence, component arising from option 1a can be removed from SCell activation requirements.
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.   Hence, component arising from option 1b can be removed from SCell activation requirements.
Proposal 3: 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

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 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 ≥ -2dB is fulfilled, then Tactivation_time is:
-	6ms + TFirstSSB_MAX + 15*TSMTC_MAX + 8*Trs  + TL1-RSRP, measure + TL1-RSRP, report  + THARQ + 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 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 ≥ -2dB is fulfilled, then Tactivation_time is:
-	3ms + TFirstSSB_MAX + 15*TSMTC_MAX + 8*Trs + TL1-RSRP, measure + TL1-RSRP, report + max {(THARQ + Tuncertainty_MAC + 5ms + TFineTiming), (Tuncertainty_RRC + TRRC_delay)}.



Based on proposal 3,  by removing RX beam sweeping and L1-RSRP measurement related components, SCell activation requirements for FR2 inter-band CA for CBM are:
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:
-	6ms + TFirstSSB_MAX + Trs  + THARQ + 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 + 5ms + TFineTiming), (Tuncertainty_RRC + TRRC_delay)}.
 Proposal 4: SCell activation delay requirement for FR2 inter-band CA for CBM UE is given by:
· 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:
-	6ms + TFirstSSB_MAX + Trs  + THARQ + 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 + 5ms + TFineTiming), (Tuncertainty_RRC + TRRC_delay)}.

Scheduling restriction
In last meeting following is agreed [1].
· RAN4 to discuss in detail whether and how to introduce scheduling restriction for the following section 
· RRM
· 9.2.5.3.3 Scheduling availability of UE performing measurements on FR2
· 9.10.2.6.2 Scheduling availability of UE performing CSI-RS based measurements in FR2  
· Radio Link Monitoring
· 8.1.7.3 Scheduling availability of UE performing radio link monitoring on FR2
· Link Recovery
· 8.5.7.3 Scheduling availability of UE performing beam failure detection on FR2
· 8.5.8.3 Scheduling availability of UE performing L1-RSRP measurement on FR2
· 8.5.8.3 Scheduling availability of UE performing L1-RSRP measurement on FR2
· L1-RSRP/SINR measurements (Serving cell measurement)
· 9.5.6.3 Scheduling availability of UE performing L1-RSRP measurement on FR2
· 9.8.6.3 Scheduling availability of UE performing L1-SINR measurement on FR2

Though it was agreed to discuss each of the clauses separately, we feel the principle for scheduling restriction is same for all the clauses (or procedures). Hence, we first look at the principle. Upon agreement on principle, detailed text for each of the clauses may be looked at CR stage.
One of the reasons for defining scheduling restriction is due to the fact that some UEs may not be able to receive data channel and measurement RS at the same time. This primarily occurs when beam direction of data channels and measurement RS are different and some UEs may not be able to receive both of them at the same time. However, in this scenario of FR2 inter-band CA for CBM UE, if gNB schedules data channel and measurement RS at the same time, these beam directions shall be same (due to common beam).  
Other reason due to which scheduling restriction may be needed is if SCS of data channels and SCS of measurement RS are not same and some UEs may not have capability to receive different channels with different numerologies at the same time. Even for CBM scenario, some UEs may not be able receive data channels and measurement RS when their SCS is different and scheduling restriction is needed in this scenario. 
Since the scheduling restriction is on serving cell, actual scheduling restriction shall be equivalent to 1 OFDM symbol. 

Based on the above analysis we make following proposal.
Proposal 5: For FR2 inter-band CA for CBM UE, RAN4 to agree that Scheduling restriction is needed when SCS of data channels and SCS of measurement RS (RRM RS, RLM RS, BFD-RS, CBD-RS, BFR-RS, L1 measurement RS) are not same and UE do not have capability to receive different numerologies at the same time, and in this case scheduling restriction is 1 OFDM symbol.
Summary and Conclusion
In this contribution we have analysed RRM requirements for CBM UE of FR2 inter-band CA and made following proposals. 
Proposal 1: The existing Rel16 interruption requirements of intra-band CA shall be applied for FR2 inter-band CA for CBM UE.
Proposal 2: RAN4 not to define any measurement restrictions for CBM operation in FR2 inter-band CA.
Proposal 3: 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

Proposal 4: SCell activation delay requirement for FR2 inter-band CA for CBM UE is given by:
· 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:
-	6ms + TFirstSSB_MAX + Trs  + THARQ + 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 + 5ms + TFineTiming), (Tuncertainty_RRC + TRRC_delay)}.
Proposal 5: For FR2 inter-band CA for CBM UE, RAN4 to agree that Scheduling restriction is needed when SCS of data channels and SCS of measurement RS (RRM RS, RLM RS, BFD-RS, CBD-RS, BFR-RS, L1 measurement RS) are not same and UE do not have capability to receive different numerologies at the same time, and in this case scheduling restriction is 1 OFDM symbol.
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