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Introduction
For the work item of NR RRM enhancement requirements in [1], one object of this work item is to study inter-band CA requirement for FR2 UE measurement capability of independent Rx beam and/or common beam which includes the following aspects:
· Cell detection/measurement requirement, 
· Beam management requirements, 
· Scell activation requirement, 
· Interruption requirement, 
· Scheduling restriction requirement 
Due to that FR2 inter-band CA scenario is not considered in Rel-15, some RRM core requirements do not apply to FR2 inter-band CA. In this contribution, we will provide the discussion on which RRM core requirements need to be defined or updated for FR2 inter-band CA.
Discussion
[bookmark: OLE_LINK232][bookmark: OLE_LINK233][bookmark: OLE_LINK665][bookmark: OLE_LINK666][bookmark: OLE_LINK667]Cell detection/measurement requirement
In TS 38.133, the scaling factor CSSFoutside_gap has defined for intra-frequency measurement without gaps on multiple CCs. However, the current requirements on scaling factor CSSFoutside_gap do not consider FR2 inter-band CA scenarios. Hence, RAN4 need to study the scaling factor CSSFoutside_gap for FR2 inter-band CA in Rel-16 for NR RRM enhancement.
Due to baseband limitation, the scaling factor CSSFoutside_gap has defined for intra-frequency measurement without gaps on multiple CCs. UE is only required to simultaneously perform intra-frequency measurements on two serving carriers. All the serving carriers has been divided into several types, including PCC, PSCC, FR1 SCC, FR2 SCC required to identify neighbour cell and FR2 SCC only required to identify neighbour cell.
In Rel-15, the scaling factor for PCC or PSCC is defined as 1, and the measurement opportunities is shared among all the SCCs. If there is a FR2 SCC required to identify neighbour cell, then the FR2 SCC required to identify neighbour cell shares 50% measurement opportunities and other SCCs share rest 50% measurement opportunities. The same principles can be reused in Rel-16 for FR2 inter-band CA. Hence, the scaling factor CSSFoutside_gap for FR2 inter-band CA can be defined as Table 1
Table 1: CSSFoutside_gap,i scaling factor for FR2 inter-band CA
	Scenario
	CSSFoutside_gap,i for FR2 PCC (in SA or NE-DC mode) or PSCC (in EN-DC mode)
	CSSFoutside_gap,i for FR2 SCC where neighbour cell measurement is required
	CSSFoutside_gap,i for FR2 SCC where neighbour cell measurement is not required

	FR2 inter-band CA 
	1
	2×(Number of configured FR2 band(s) - 1)
	2×(Number of configured SCell(s) – (Number of configured FR2 band(s) -1) )


Proposal 1: The scaling factor CSSFoutside_gap for FR2 inter-band CA shall be defined for inter-frequency measurement without gaps, which can be defined as Table 1.

Beam management requirements
In TS38.133, the beam level measurement requirements have been defined for the following procedures:
· Radio link monitoring
· Beam failure detection
· Candidate beam detection
· L1-RSRP measurement for reporting
UE needs to perform RLM/BFD/CBD/L1-RSRP measurement on the configured RS resources. For each procedure, the corresponding layer 1 measurement requirements have been defined under certain measurement restrictions. In FR2, when two RS resources which are QCL-typeD and both of them are not used for Rx beam sweeping, UE can receive the signals on the two RS resources by same Rx beam. Otherwise, these two RS resources are considered as being conflicted. When a RS resource for layer 1 measurement is conflicted with another RS resource for layer 1 measurement, UE is required only to measure one of them.
The requirements on measurement restrictions in FR2 only consider FR2 intra-band CA case. When FR2 inter-band CA scenario is introduced, RAN4 shall study whether the current requirements will be impacted.
In RF session, two types of UE capability are considered. When UE has independent Rx beam for each FR2 band, the UE shall be able to simultaneously perform L1 measurements on two RS resources in different FR2 bands by using separate Rx beam. There is no need to introduce measurement restrictions requirement for FR2 inter-band CA scenario. When UE has common Rx beam for all the FR2 bands, then UE cannot be assumed to simultaneously perform L1 measurements on two RS resources in different FR2 bands by using the same Rx beam when these two RS resources are not QCL-typeD.
Proposal 2: For UE capable of common Rx beam, the layer 1 measurement restrictions requirements need to be defined for FR2 inter-band carrier aggregation.
In FR2, the propagation characteristics between two bands is different. Then, a RS resource is not likely to be QCL-typeD with a RS resource in different band. When a RS resource in one FR2 band and another RS resource in different FR2 band are fully or partially overlapped, UE capable of common Rx beam shall be not required to perform measurement on both RS resources.
Proposal 3: For UE capable of common Rx beam, the layer 1 measurement restrictions requirements for FR2 inter-band carrier aggregation can be defined as follows:
· When a RS for L1 measurement in one FR2 band is fully or partially overlapped with the OFDM symbol of another RS for L1 measurement in different FR2 band, UE is required to measure one of the two RSs.

SCell activation requirement
For SCell activation procedure, the interruption and delay requirements have been defined. The interruption requirements due to SCell activation have been separately defined for intra-band CA and inter-band CA. The existing interruption requirements for inter-band CA also applies when both aggressor cell and victim cell are on FR2. Then, the existing interruption requirements can be applied for FR2 inter-band CA.
The SCell activation delay includes three parts: , and . The value of  for a FR2 SCell is defined as follows:
	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.
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.
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 FR1:
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 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 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 + max {(THARQ + Tuncertainty_MAC + 5ms + TFineTiming), (Tuncertainty_RRC + TRRC_delay)}.


The case “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” is only applied for FR1+FR2 inter-band CA. The case “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” need to be considered for FR2 inter-band CA.
Proposal 4: For SCell activation delay requirements, the following case shall be considered for FR2 inter-band CA:
· 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.
The variables TSMTC_MAX and TFirstSSB_MAX are used to define the AGC time required for SCell activation and defined as follows:
	TSMTC_MAX:
-	In FR1, in case of intra-band SCell activation, TSMTC_MAX is the longer SMTC periodicity between active serving cells and SCell being activated provided the cell specific reference signals from the active serving cells and the SCells being activated or released are available in the same slot; in case of inter-band SCell activation, TSMTC_MAX is the SMTC periodicity of SCell being activated.
-	In FR2, TSMTC_MAX is the longer SMTC periodicity between active serving cells and SCell being activated provided that in Rel-15 only support FR2 intra-band CA.
-	TSMTC_MAX is bounded to a minimum value of 10ms.

TFirstSSB_MAX: Is the time to first SSB indicated by the SMTC after n + THARQ+3ms, further fulfilling:
-	In FR1, in case of intra-band SCell activation, the occasion when all active serving cells and SCells being activated or released are transmitting SSB bursts in the same slot; in case of inter-band SCell activation, the first occasion when the SCell being activated is transmitting SSB burst.
-	In FR2, the occasion when all active serving cells and SCells being activated or released are transmitting SSB bursts in the same slot. 



The current definition of TSMTC_MAX in FR2 is only applied for FR2 intra-band CA. The definition of TFirstSSB_MAX in FR2 is only applied for FR2 intra-band CA.
Proposal 5:The definition of TSMTC_MAX and TFirstSSB_MAX used in SCell activation delay requirements need to be defined for FR2 inter-band CA scenario.
Interruption requirement
In TS 38.133, according to whether sharing same RF chains, the following interruption requirements are defined for CA scenarios.
· Interruptions at SCell addition/release
· Interruptions at SCell activation/deactivation
· Interruptions during measurements on deactivated SCC
According to whether sharing same RF chains, the interruption requirements are separately defined for intra-band CA and inter-band CA. The existing interruption requirements for inter-band CA also applies when both aggressor cell and victim cell are on FR2. Hence, the existing interruption requirements can be applied for FR2 inter-band CA.
Proposal 6:The existing interruption requirements for CA can also be applied for FR2 inter-band CA scenario.

Scheduling restriction requirement
The scheduling restriction requirements has been defined for the following measurements in FR2:
· Intra-frequency measurement without gaps
· Radio link monitoring
· Beam failure detection
· Candidate beam detection
· L1-RSRP measurement for reporting
The purpose of defining scheduling restriction requirements on FR2 is to avoid the beam confliction between data transmission/reception and L1/L3 measurements. 
When UE has independent Rx beam for each FR2 band, there is no beam confliction between two FR2 bands. For UE capable of common Rx beam, the beam confliction between data transmission/reception and L1/L3 measurements still exist for FR2 inter-band CA. When FR2 inter-band CA is performed, the scheduling restrictions shall also be applied to all other serving cells in different band on the symbols that fully or partially overlap with the restricted symbols.
Proposal 7: For UE capable of common Rx beam, the existing scheduling restriction requirements shall be extended to FR2 inter-band carrier aggregation.

Conclusions
This contribution provides our analysis on RRM impacts of FR2 inter-band CA in Rel-16. The following are provided:
Proposal 1: The scaling factor CSSFoutside_gap for FR2 inter-band CA shall be defined for inter-frequency measurement without gaps, which can be defined as Table 1.
Table 1: CSSFoutside_gap,i scaling factor for FR2 inter-band CA
	Scenario
	[bookmark: _GoBack]CSSFoutside_gap,i for FR2 PCC (in SA or NE-DC mode) or PSCC (in EN-DC mode)
	CSSFoutside_gap,i for FR2 SCC where neighbour cell measurement is required
	CSSFoutside_gap,i for FR2 SCC where neighbour cell measurement is not required

	FR2 inter-band CA 
	1
	2×(Number of configured FR2 band(s) - 1)
	2×(Number of configured SCell(s) – (Number of configured FR2 band(s) -1))


Proposal 2: For UE capable of common Rx beam, the layer 1 measurement restrictions requirements need to be defined for FR2 inter-band carrier aggregation.
Proposal 3: For UE capable of common Rx beam, the layer 1 measurement restrictions requirements for FR2 inter-band carrier aggregation can be defined as follows:
· When a RS for L1 measurement in one FR2 band is fully or partially overlapped with the OFDM symbol of another RS for L1 measurement in different FR2 band, UE is required to measure one of the two RSs.
Proposal 4: For SCell activation delay requirements, the following case shall be considered for FR2 inter-band CA:
· 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.
Proposal 5:The definition of TSMTC_MAX and TFirstSSB_MAX used in SCell activation delay requirements need to be defined for FR2 inter-band CA scenario.
Proposal 6:The existing interruption requirements for CA can also be applied for FR2 inter-band CA scenario.
Proposal 7: For UE capable of common Rx beam, the existing scheduling restriction requirements shall be extended to FR2 inter-band carrier aggregation.

Reference
[1]. RP-1913211, “Revised WID: NR RRM enhancement in R16”, Samsung
8

5

