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1.	Introduction
Based on agreements made in both RF and RRM sessions, we provide our views on the following aspects.
· General aspects of CBM and IBM
· Timing aspects of IBM and CBM
· SCell activation for CBM UE
· Measurement and Scheduling restrictions for CBM UE
2. 	Discussion
General aspects of CBM and IBM
[Agreements] General aspects of CBM and IBM
	inter-band DL CA with IBM
[RF session] Definition of IBM (Independent Beam Management):
· A UE that supports inter-band CA with IBM selects its DL Rx beam(s) for all CCs in each configured band based on DL reference signals measurements made in that band.
Network deployment scenarios assumption
· Follow the agreements in Rel16 i.e. there is no restriction on deployment scenario i.e. network assumes IBM UE supports both co-located and non-co-located deployments.
UE beam/panel assumptions
· IBM capable UE is assumed to be capable of receiving signals for FR2 inter-band CA with different beam directions at the same time
inter-band DL CA with CBM
[RF session] Definition of CBM (Common Beam Management):
· A UE that supports inter-band CA with CBM selects its DL Rx beam(s) for all CCs in all configured bands based on DL measurements made in the only CC configured with the reference signal for beam management.
· Note the above definition is based on “In FR2 CA cases, requirements apply when the BM RS is provided in a CC with a configured UL BWP”
[RF session] Network deployment scenarios assumption
· There are no deployment restrictions (Non-co-located/co-located) for network to configure inter-band DL CA for CBM UEs. 
· UE RF requirements for CBM shall be derived based on co-located deployment scenario only.
UE beam/panel assumptions
· UE is assumed to make reception with one beam at a time, i.e. similar to Rel-15 baseline UE assumption 
· FFS for number of panels UE can use for CBM and it is up to RF session conclusions. At least one active panel at a time can be assumed as baseline for RRM requirements definition.



Proposal 1: In accordance with the agreement made in RF session, UR RRM requirements for CBM shall be derived based on co-located deployment scenario only.

Timing aspects of IBM and CBM
[Agreements] Timing aspects of IBM and CBM
	IBM UE
MRTD
· For IBM capable UE, the Rel16 MRTD requirements for FR2 inter-band CA(8usec) can be applied in Rel-17 and no additional discussion is required in Rel17.
MTTD
· How to determine MTTD in case of IBM?
· For IBM capable UE, the Rel16 MTTD requirements for FR2 inter-band CA(8.5usec) can be applied in Rel-17 and no additional discussion is required in Rel17.
CBM UE
MRTD
· Can we assume symbol level alignment within CP length?
· Option 1: Symbol level alignment should be with CP length
· Option 2: We cannot assume symbol level alignment for common beam management
· Option 3: RAN4 should focus on how to define MRTD requirements for CBM UE
· How to determine MRTD for FR2 inter-band CA?
· Option 1: Reuse FR2 intra-band MRTD i.e. 260ns
· Option 2: 3us
· Option 3: 3us MRTD requirements can be applied for co-located deployment and >3us MRTD requirements can be applied for non-co-located deployment
· Option 3a: 4~5us
· Option 3b: 8us
· Performance impact due to Rx beam switching
· Option 1: Demodulation performance degradation due to Rx beam switch should be noted in MRTD requirements for CBM UE if MRTD is larger than CP
· Option 2: In worst case performance degradation of up to 1 OFDM symbol is allowed for UE operating in CBM during RX beam switch
· Option 2a: The impact of Rx switch can be beyond 1 symbol.
· Option 3: RAN4 should further study in Rel-17 to reduce the worst case (1 OFDM symbol or beyond) performance degradation
· Option 4: UE could safely switch beams
· Option 5: Define different sets of requirements (260ns vs 3us) based on the UE capability and leave the degradation issue resolution to UE implementation.
· Option 6: introduce a mechanism to allow UE to autonomously switch its beams, e.g. scheduling/measurement restriction
MTTD
· How to determine MTTD for CBM?  
· Option 1: 3.5 µs on condition of UE capability indication
· Option 2: If CBM based FR2 inter-band UL CA would be introduced in Rel-17, then RAN4 needs to study the MTTD requirement applicable for CBM based FR2 inter-band CA, and it is based on the conclusion of MRTD requirements for CBM UE. 
· Performance impact due to Tx beam switching  
· RAN4 needs to study how to handle impact on performance due to Tx beam switching.



Observation 1: No further discussion is needed for inter-band IBM UE.

For MRTD, there are currently 5 values suggested by companies. Depending on numerologies, a relative loss in useful part of OFDM symbol can be tabulated as below for the candidate MRTD values. As can be seen in Table 1, when MRTD > 3usec UE will most likely lose one OFDM symbol of a serving cell.

Table 1. Relative loss in useful pard of OFDM symbol for different SCSs and MRTD values
	
	
	60kHz (no SSB)
	120kHz
	240kHz (SSB only)

	OFDM parameters
	CP length
	1.17usec
	586nsec
	293nsec

	
	Useful OFDM symbol length
	16.7usec
	8.33usec
	4.16usec

	MRTD
	260nsec
	< CP
	< CP
	< CP

	
	3usec
	11% of OFDM symbol
	29% of OFDM symbol
	65% of OFDM symbol

	
	4usec
	17% of OFDM symbol
	41% of OFDM symbol
	89% of OFDM symbol

	
	5usec
	23% of OFDM symbol
	53% of OFDM symbol
	> 1 OFDM symbol

	
	8usec
	41% of OFDM symbol
	89% of OFDM symbol
	> 1 OFDM symbol



When SCell slots arrive at UE MRTD earlier than PCell slots, the first OFDM symbol of the SCell slot gets interrupted as shown in Figure 1 due to UE Rx beam switching. Note that UE Rx beam switching time was assumed to follow PCell slot boundary as an example. Considering the first OFDM symbol of slot is typically used for PDCCH and/or front-loaded PDSCH-DMRS transmission, the impact of one OFDM symbol interruption will likely result in a significant performance loss. 
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Figure 1. A timeline diagram of FR2 inter-band CA for CBM UE

Proposal 2: For CBM UEs in FR2 inter-band CA, if MRTD is larger than CP length with respect to serving cell numerology, serving cell(s) shouldn’t expect the UE to be able to receive/detect PDCCH(s) on search spaces including at least the first or last OFDM symbol of slot in a band where beam management reference resource(s) it not configured. FFS on multiple numerologies. FFS on further scheduling restrictions on PDCCH and/or PDSCH.

[Agreements] RRM aspects of CBM
	Scope of the RRM requirements
· Scope of the RRM requirements for FR2 inter-band DL CA includes but not limited to 
· MRTD, 
· Scaling factor CSSFoutside_gap, 
· interruption requirements, SCell activation requirements, 
· Beam management requirements and 
· scheduling/measurement restriction requirements
Interruption requirement
· Option 1: The existing interruption requirements of intra-band CA can be applied
· Option2: 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
Scheduling restriction
· Option 1: To apply an agreement from RAN4 #94-bis-e:
· “The scheduling availability requirements for FR2 inter-band CA scenario shall be introduced to clarify there is scheduling restriction on one FR2 band due to RLM/BFD/CBD/L1-RSRP measurements being performed on another FR2 band if UE uses common beam.
· The existing scheduling restriction requirements on FR2 shall be extended to serving cells in different bands.”
· Option 2: 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.
· Option 3: Need more discussion
Measurement restriction
· Option 1: To apply an agreement from RAN4 #95-e:
· “For CBM 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.”
· Option 2: For CBM UEs the measurement restriction applies when the SSB for RLM, BFD, CBD or L1- RSRP measurement on one band is in the same OFDM symbol as the CSI-RS for RLM, BFD, CBD or L1- RSRP measurement on another band
· Option 2a: For CBM UEs the measurement restriction applies when the SSB for RLM, BFD, CBD or L1- RSRP measurement on one band is in the same OFDM symbols overlapping with the CSI-RS for RLM, BFD, CBD or L1- RSRP measurement on another band
· Option 3: 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
· Option 4: More discussion is needed.
Scell activation delay requirements
· For Case 1: SCell being activated belongs to FR2 and if there is at least one active serving cell on that FR2 band, existing SCell activation delay requirements in Case 1 can be applied
· 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
· Option1: 
· If the target SCell is known, the existing known SCell requirement in Case 2 shall be applied.
· In the case when 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 and the target SCell is unknown the existing SCell activation delay requirements for FR1+FR2 CA without L1-RSRP measurement delay can be reused.
· Option2: The SCell activation requirements in Case 2 applied for CBM type UE need to be defined. How to define the SCell activation requirements for CBM type UE depends on the RF architecture and MRTD requirements for CBM type UE
· Option3: Scell activation delay would be reduced for the case if the PCell/PSCell and the target SCell are in a FR2 band pair with CBM, and the target SCell is unknown
· Option 4: Need further discussion
Scaling factor CSSFoutside_gap
· Option 1: If FR2 inter-band CA with two bands are only considered in Rel-17, then the existing requirements on scaling factor CSSFoutside_gap in Rel-16 can be applied to Rel-17. 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
· Option 2: Existing R15 requirements can be used as the baseline for CBM UE
· Option 3: Need further discussion
Beam management requirement
· Option 1: The existing BFD/CBD requirements in Rel-16 can be applied for CBM type UE
· Option 2: Need further discussion



SCell activation for CBM UE
If the PCell/PSCell and the target SCell are in a FR2 band pair with IBM, and if the target SCell is unknown to UE, SCell activation latency is defined as below, provided that the side condition Ês/Iot ≥ -2dB:
If semi-persistent CSI-RS is used for CSI reporting

If periodic CSI-RS is used for CSI reporting
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Figure 2. SCell activation requirement for the case of “semi-persistent CSI-RS is used for CSI reporting”

For SCell activation, as opposed to IBM UE, CBM UE shall apply a beam that has been trained by using beam management reference resource(s) configured on SpCell, hence, SSB samples for Rx beam sweeping shouldn’t be accounted for in SCell activation latency requirement.
Proposal 3: For CBM UEs, SSB samples for Rx beam sweeping shouldn’t be accounted for in SCell activation latency requirement.

Measurement and Scheduling restrictions for CBM UE
As per the agreement made in RAN4#98e meeting, “UE is assumed to make reception with one beam at a time, i.e. similar to Rel-15 baseline UE assumption”, scheduling restrictions during neighbor cell measurements should be introduced in the following clauses.
· RRM (Neighbor cell measurement)
· 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  

In addition, even for serving cell measurement, additional scheduling restriction should be applied to serving cell(s) on the other band.
· Radio Link Monitoring
· 8.1.2.3  Measurement restrictions for SSB based RLM
· 8.1.3.3  Measurement restrictions for CSI-RS based RLM
· 8.1.7.3  Scheduling availability of UE performing radio link monitoring on FR2
· 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
· 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)
· 9.5.5.1  Measurement restriction for SSB based L1-RSRP
· 9.5.5.2  Measurement restriction for CSI-RS based L1-RSRP
· 9.5.6.3  Scheduling availability of UE performing L1-RSRP measurement on FR2
· 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
· 9.8.6.3  Scheduling availability of UE performing L1-SINR measurement on FR2

Proposal 4: For CBM UEs in FR2 inter-band CA, measurement and/or scheduling restriction for RRM/RLM/Link Recovery/L1-RSRP/SINR measurements shall be applied across FR2 bands. The following sections shall be updated accordingly:
· For RRM (Neighbor cell measurement)
· 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  
· For Radio Link Monitoring
· 8.1.2.3  Measurement restrictions for SSB based RLM
· 8.1.3.3  Measurement restrictions for CSI-RS based RLM
· 8.1.7.3  Scheduling availability of UE performing radio link monitoring on FR2
· For 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
· 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
· For 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
· 9.5.6.3  Scheduling availability of UE performing L1-RSRP measurement on FR2
· 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
· 9.8.6.3  Scheduling availability of UE performing L1-SINR measurement on FR2
· If MRTD between the two bands is larger than CP length with respect to serving cell numerology,
· Measurement and/or Scheduling restriction to serving cell(s) on the other band should account for the MRTD, e.g. [x] slots before and after SSB symbols and/or CSI-RS symbol(s)
3.	Conclusion
Observations and Proposals are summarized below:
General aspects of CBM and IBM
Proposal 1: In accordance with the agreement made in RF session, UR RRM requirements for CBM shall be derived based on co-located deployment scenario only.
Timing aspects of IBM and CBM
Observation 1: No further discussion is needed for inter-band IBM UE.
Proposal 2: For CBM UEs in FR2 inter-band CA, if MRTD is larger than CP length with respect to serving cell numerology, serving cell(s) shouldn’t expect the UE to be able to receive/detect PDCCH(s) on search spaces including at least the first or last OFDM symbol of slot in a band where beam management reference resource(s) it not configured. FFS on multiple numerologies. FFS on further scheduling restrictions on PDCCH and/or PDSCH.
SCell activation for CBM UE
Proposal 3: For CBM UEs, SSB samples for Rx beam sweeping shouldn’t be accounted for in SCell activation latency requirement.
Measurement and Scheduling restrictions for CBM UE
Proposal 4: For CBM UEs in FR2 inter-band CA, measurement and/or scheduling restriction for RRM/RLM/Link Recovery/L1-RSRP/SINR measurements shall be applied across FR2 bands. The following sections shall be updated accordingly:
· For RRM (Neighbor cell measurement)
· 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  
· For Radio Link Monitoring
· 8.1.2.3  Measurement restrictions for SSB based RLM
· 8.1.3.3  Measurement restrictions for CSI-RS based RLM
· 8.1.7.3  Scheduling availability of UE performing radio link monitoring on FR2
· For 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
· 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
· For 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
· 9.5.6.3  Scheduling availability of UE performing L1-RSRP measurement on FR2
· 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
· 9.8.6.3  Scheduling availability of UE performing L1-SINR measurement on FR2
· If MRTD between the two bands is larger than CP length with respect to serving cell numerology,
· Measurement and/or Scheduling restriction to serving cell(s) on the other band should account for the MRTD, e.g. [x] slots before and after SSB symbols and/or CSI-RS symbol(s)
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