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1.	Introduction
Based on agreements made in RAN4#98bis e-meeting, we provide our views on the following aspects.
· MRTD for CBM FR2 Inter-band CA
· SCell activation for CBM UE
· Measurement and Scheduling restrictions for CBM UE
2. 	Discussion
MRTD for CBM FR2 Inter-band CA
Agreement from RAN4#98bis e-meeting is:
· Candidate options
· Option 1: Do not define any requirements for CBM UEs for FR2 inter-band CA
· Option 2: Introduce UE capability to support MRTD = 260ns and MRTD = 3us (Intel, NEC)
· Option 3: MRTD = 260ns (Vivo, Apple, Intel, OPPO, Xiaomi, Qualcomm, LG, MTK)
· Option 4: MRTD = 3us (NEC, Ericsson, Nokia, Huawei, Docomo, Softbank, AT&T, Verizon, ZTE)
· Other options are not precluded
· Note 1: Decision shall be made in RAN4 #99-e
· Note 2: Companies are encouraged to bring further analysis on achievable MRTD from the network and UE perspectives and the possible impact on the implementation and performance

Figure 1 depicts timing relation between beam switching and FFT window to avoid ISI/ICI when UE receives signals passed through multipath channel from cell 1 and cell 2 in different frequency bands. It was assumed the UE is configured with reference signals for time/frequency tracking, e.g. TRS, on each carrier, thereby allowing UE to perform FFT at separate time instances on different carriers. Here, Tbeam represents a required time for UE to switch Rx beam from one to another. In the example diagram, we assumed UE switches the Rx beam every OFDM symbol.
[image: ]
Figure 1. A timeline diagram of FR2 inter-band CA for CBM UE

As can be seen from Figure 1, in order to avoid ISI/ICI due to Rx beam switch and timing offset between carriers, Toffset, MRTD shall not be larger than “Tcp – Tbeam” when UE timing estimation is perfect. In practice, UE timing estimation error should be accounted for in MRTD as well. We believe the timing estimation error can be assumed as 2 samples in 100MHz BW in a reasonably good SNR regime when TRSs are configured on both inter-bands.
Based on the observation above, MRTD of FR2 CBM based inter-b]and CA can be derived as Table 1. Note that SCS 240kHz is only for SSB.
Table 1. MRTD of FR2 inter-band CA for CBM UE
	SCS [kHz]
	for SSB
	for non-SSB
	Tcp, CP length (144 samples) [ns]
	Tbeam, Beam switch time [ns]
	Terror, DL timing error [ns]
	MRTD [ns]
(Tcp – Tbeam – 2Terror)

	60
	X
	O
	-
	-
	-
	-

	120
	O
	O
	585
	[200]
	16.2
	350

	240
	O
	X
	-
	-
	-
	-



Proposal 1: For CBM UEs in FR2 inter-band CA, MRTD shall not be larger than “CP length - UE Rx beam switch time - 2 x DL timing error”. For instance, assuming UE Rx beam switch time 200nsec and DL timing error 16.2nsec, MRTD shall not be larger than 350nsec. 

However, if MRTD for CBM based FR2 inter-band CA doesn’t satisfy the condition in Proposal 1, received signals will get distorted due to ISI and ICI. For instance, 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 2 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. 

[image: ]
Figure 2. 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 - UE Rx beam switch time - 2 x DL timing error”, 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
Agreement from RAN4#98bis e-meeting is:
· Scell activation delay
· Agreements:
· Case 1: if PCell/PSCell and the target SCell are in a FR2 band pair with CBM and the target SCell is known, the existing SCell activation requirements can be readily be re-used for CBM capable UE in inter-band CA scenario
· FFS:
· 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: SCell activation delay would be reduced compared to the existing SCell activation delay requirements for FR1+FR2 CA (OPPO, Qualcomm, Intel, MTK, OPPO, Nokia) 
· Option 2: the existing SCell activation requirements in Case 2 with removing L1-RSRP measurement delay can be used for CBM type UE (Huawei, Qualcomm, MTK, Ericsson, NEC).
· Option 3: the SCell activation delay requirements defined for the scenario where there is at least one active serving cell in the band, apply (Nokia, Ericsson)
· Option 4: For CBM UEs, SSB samples for Rx beam sweeping shouldn’t be accounted for in SCell activation latency requirement. (Qualcomm, MTK, Ericsson, NEC)

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 3. 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 unknown SCell activation latency requirement.

Measurement and Scheduling restrictions for CBM UE
Agreement from RAN4#98bis e-meeting is:
· Scheduling restriction
· Agreements:
· The scheduling availability requirements for CBM capable UE in 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.
· Measurement requirements
· FFS: 
· Option 1: Measurement restriction requirements need to be defined for CBM capable UE for inter-band CA scenario (Qualcomm, Intel, MTK, Apple, Xiaomi).
· Option 1a: Existing Measurement restriction requirements would be applicable (Nokia, Ericsson)
· Option 2: RAN4 not to define any measurement restrictions for CBM operation in FR2 inter-band CA (NEC, Huawei).
· Option 3: 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) (Qualcomm)

As for scheduling restriction, it was agreed to introduce scheduling restriction due to RLM/BFD/CBD/L1-RSR in principle. However, it is unclear which sections are exactly affected by the agreement. Therefore, we propose to discuss how to implement it in detail with explicit clauses.
· 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

As for measurement restriction, in the previous RAN4#98bis e-meeting, it was mentioned by one company that it is not relevant for CMB UE because the UE will perform BM related operation only one of band where BM resource(s) is configured. For the detailed further discussion, we would like to propose to consider the following requirements.
· 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

Proposal 4: RAN4 to further discuss in detail whether and how to introduce scheduling and measurement restrictions for the following sections:
· For 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  
· 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
3.	Conclusion
Observations and Proposals are summarized below:
MRTD for CBM FR2 Inter-band CA
Proposal 1: For CBM UEs in FR2 inter-band CA, MRTD shall not be larger than “CP length - UE Rx beam switch time - 2 x DL timing error”. For instance, assuming UE Rx beam switch time 200nsec and DL timing error 16.2nsec, MRTD shall not be larger than 350nsec. 
Proposal 2: For CBM UEs in FR2 inter-band CA, if MRTD is larger than “CP length - UE Rx beam switch time - 2 x DL timing error”, 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 unknown SCell activation latency requirement.

Measurement and Scheduling restrictions for CBM UE
Proposal 4: RAN4 to further discuss in detail whether and how to introduce scheduling and measurement restrictions for the following sections:
· For 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  
· 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
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