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Introduction
The WID on NR RF Enhancements for FR2 RP-202107 has been approved in RAN#89e meeting. The purpose of this work item is to specify the following FR2 UE features and associated requirements including RF and RRM requirements. This email discussion is to discuss the RRM core requirements for inter-band CA in FR2 corresponding to section 8.4.6.1 and 8.4.6.2 in the agenda. 
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In last RAN4#100-e meeting, RAN4 agreed on the MRTD value for FR2 inter-band CA while the threshold X relevant to the performance degradation is still in brackets and needs finalization.. In addition, some agreements were reached on the RRM requirements for IBM capable UE in FR2 inter-band UL CA. The agreements and open issues are captured in the way forward R4-2115332. 
Based on the agreements, the target of this meeting is to conclude on the condition i.e. the value of X, where the performance degradation is not expected, analyse the potential performance degradation due to Rx beam switching and find suitable solutions to capture the performance degradation into the specification. With the conclusion on 3us MRTD, the progress on RRM requirements are also expected. The tentative target of email discussion for 1st round and 2nd round is indicated below: 
· 1st round: Companies are expected to provide views and/or comments on the listed open issues. 
· 2nd round: Conclude at least on the threshold X below which performance degradation due to Rx beam switching is not allowed and the corresponding RRM requirements for CBM capable UEs. We could also move forward on the RRM requirements for CBM UEs in FR2 inter-band DL CA and IBM UEs in FR2 inter-band UL CA given the 3us MRTD. 
Topic #1: Inter-band DL CA requirements for CBM
Moderator comments: All the contributions discussing or partially discussing the RRM requirements for FR2 inter-band DL CA enhancements for CBM are listed here. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2117469
	Apple
	Proposal 1: Rx beam switching should be fully controlled by UE and it should not be restricted when Rx beam is switched even when MRTD is more than CP length in CBM.
Proposal 2: For inter-band FR2 CA with CBM, if MRTD exceeds CP length, the corresponding demod performance degradation with one slot loss per periodicity of RS for beam managements is expected.   
Proposal 3: Scheduling restriction due to L1-RSRP/RSRQ/SINR can be different depending on if MRTD>X. 
Proposal 4: when MRTD>X, measurement restriction for L1-RSRP/RSRQ/SINR measurement should be introduced for CBM

	R4-2117799
	vivo
	Proposal 1: For the value of x, using option 3, i.e., X is CP length – UE Rx beam switch time – 2 x DL timing error.
Proposal 2: Using option 1 as the solution for this issue, i.e., adding a note to the corresponding MRTD table. Within option 1, prefer option 1d or 1b.  
Proposal 3: Regarding solutions on how to reduce performance degradation, option 2 (do not define solutions) is preferred.  

	R4-2117834
	LG Electronics
	Proposal 1: Consider Option 4 (X = CP length – UE Rx beam switch time) to allow a performance degradation when the receive time difference is equal to or higher than X us.
Proposal 2: Do Rx beam switch in slot boundary in one CC which is received later to reduce performance degradation.
Proposal 3: If the receive time difference exceeds X us, demodulation performance degradation is expected due to interruption on the first OFDM symbol of slot in other CC when Rx beam switch is performed in slot boundary in a received CC later.

	R4-2118033
	Intel Corporation
	Proposal 1: RAN4 to introduce the mechanism of the network-controlled UE Rx beam switching which consists of the following steps:
1. UE informs network about its capability to support network-controlled UE beam switch, and about the preferred beam switching periodicity
1. Following the information received from UE, Network allocates the time instances for UE to switch its Rx beam 
Network informs UE about the exact timing locations of these instances. 
Network applies scheduling restrictions on SCell (or both PCell and SCell) during the duration of these instances.
1. UE can switch its Rx beam during the scheduled instances 
Proposal 2: If the proposed mechanism is not supported and the receive time difference is equal or higher than X, then the performance degradation can be expected on any symbol of the SCell.
Proposal 3: The value of X can be derived as follows: CP length – UE Rx beam switch time – 2 x DL timing error

	R4-2118270
	Ericsson
	Observation 1: We prefer to avoid a general normative note about demodulation performance in TS 38.133. We want to avoid proposal Issue 1-1-2a, option 1, “Adding a note to the corresponding MRTD table...”.
Observation 2: Issue 1-1-2a, We prefer a more flexible option along the lines of “Option 2b: Introduce the scheduled gaps for UE to switch its beam”.
Observation 3: We accept fixed scheduling restriction as stated in option 2a or 2c, as a second priority if “Option 2b: Introduce the scheduled gaps for UE to switch its beam” cannot be agreed upon.
Observation 4:  Issue 1-1-2b: Solutions to reduce performance degradation and whether and how to introduce restrictions for UE Rx beam change. We prefer o	Option 1: Use network scheduled/controlled instances for UE Rx beam change 
Observation 5:  Issue 1-1-2c value of X: We can led the UE and network signal and determine the need for a gap and we do not need av particular value of X in the standard.
Proposal 1: Avoid a general normative note about demodulation performance.
Proposal 2: Introduce scheduled gaps for UE to switch its beam.

	R4-2118271
	Ericsson
	draftCR on MRTD/timing requirements for inter-band DL CA

	R4-2118328
	MediaTek inc.
	Proposal 1: X is “CP length - UE Rx beam switch time - 2 x DL timing error”. (Option 3)
Proposal 2: Adding a note to the corresponding MRTD table for the demodulation performance degradation.
Proposal 3: If the receive time difference exceeds [X]us, demodulation performance degradation is expected for the first or the last OFDM symbols of slot on one band where beam management reference resource(s) is not configured. If both bands are configured with beam management reference resource(s), the demodulation performance degradation is expected for only one of band.
Observation 1: UE is required to apply different RX beam reception parameters if OFDM symbols are configured with different type-D QCL information.
Proposal 4: Also clarify in the note, if different type-D QCL informations are configured for the symbols within one slot, performance degradation is expected on one band for the 1 symbol before UE applying different type-D QCL information and on the symbol that UE applying different type-D QCL information.

	R4-2118355
	OPPO
	Proposal 1: For the receive time difference below CP no performance degradation is expected, and for the receive time difference equal or higher than CP a performance degradation is allowed.
Proposal 2: If the receive time difference exceeds CP, demodulation performance degradation is expected for all the OFDM symbols of the slot in a band where beam management reference resource(s) is not configured.
Proposal 3: Leave autonomous Rx beam switch to UE implementation.

	R4-2118438
	Nokia, Nokia Shanghai Bell
	The threshold X for UE receive time difference should be [CP length - UE Rx beam switch time].
Clarify the performance degradation impact for MRTD of 3us for inter-band CA in FR2 under CBM with a note stating ‘This requirement applies to the UE capable of common beam management for FR2 inter-band CA. If the receive time difference exceeds [CP length - UE Rx beam switch time] of that SCS, demodulation performance degradation is expected for the first symbol of the slot in the SCells of the other band.’
	Frequency Range of the pair of carriers
	Maximum receive timing difference (µs) 

	FR1
	33

	FR2
	8 note1

	FR2
	3note2

	Between FR1 and FR2
	25 

	Note1:	This requirement applies to the UE capable of independent beam management for FR2 inter-band CA.
Note2:	This requirement applies to the UE capable of common beam management for FR2 inter-band CA. If the receive time difference exceeds [CP length - UE Rx beam switch time] of that SCS, demodulation performance degradation is expected for the first symbol of the slot in the SCells of the other band.




	R4-2118439
	Nokia, Nokia Shanghai Bell
	draftCR on MRTD for CBM inter-band FR2 DL CA

	R4-2118830
	Huawei, Hisilicon
	[bookmark: OLE_LINK168][bookmark: OLE_LINK176]Proposal 1: For CBM based FR2 inter-band CA, the UE performance degradation can be allowed when receive timing difference between inter-band CCs is below (CP length – UE Rx beam switch time).
Observation 1: There is no performance due to UE Rx beam switching for L1/L3 measurements since scheduling restrictions will be applied on the impacted symbols.
Observation 2: There may have performance degradation due to UE Rx beam switching for TCI-state change or UE autonomous Rx beam switching.
Proposal 2: It is suggested that UE performs autonomous Rx beam switching associated with UL-to-DL switching in order to reducing performance degradation.
Proposal 3: It is suggested that an interruption up to 1 symbol is allowed for MAC-CE or DCI based TCI state switch.

	R4-2119583
	Qualcomm Incorporated
	Proposal 1: If RTD between cells in FR2 CBM-based inter-band is larger than or equal to Xus, UE demodulation performance is expected. Here, X is determined as follows:
· X = CP length – UE Rx beam switch time – 2 x DL timing error
· For 120kHz SCS of active DL BWP, X is 350ns and 368ns for SSB SCS of 120kHz and 240kHz, respectively, based on the following assumptions:
· UE Rx beam switch time is 200ns
· DL timing error is 18ns and 9ns for SSB SCS of 120kHz and 240kHz, respectively
Proposal 2: In the following DL resources, UE demodulation performance degradation is expected:
· UE demodulation performance degradation due to NW driven UE Rx beam switching:
· The first and the last OFDM symbols of a slot in a band where beam management reference resource(s) is not configured, if the UE is configured with different QCL-TypeD sources in consecutive slots.
· If UE is scheduled to apply different beams within a slot, e.g. PDCCH-to-PDSCH, additional performance degradation is expected within the slot
· An interruption of up to 1 symbol is allowed for UE Rx beam switching due to TCI state change
· RAN4 to choose between the following options to allow UE demodulation performance degradation due to UE autonomous Rx beam switching:
· Option-1) the last OFDM symbol of a slot immediately before DL-to-UL switch and the first OFDM symbol of a slot immediately after UL-to-DL switch every [Y]ms, FFS on Y.
· Option-2) demodulation performance degradation is allowed in [Y]% of slots over [Z]ms, FFS on Y and Z.


	R4-2118329
	MediaTek inc.
	Observation 1: CBM measurement restriction is needed if measurement RSs are configured on both bands.
Proposal 1: Measurement restriction requirements need to be defined for CBM capable UE for FR2 inter-band CA scenario. (Option 2)
Proposal 2: Extend the existing FR2 intra-band CA measurement restriction requirements to the FR2 CBM inter-band CA scenarios.
Proposal 3: For FR2 CBM unknown SCell activation, the Trs for search latency for coarse timing estimation cannot be skipped. 
Proposal 4: For FR2 CBM unknown SCell activation, the AGC settling time cannot be reduced. 
Proposal 5: For FR2 CBM unknown SCell activation, the TCI state indication is assumed as the legacy.
Proposal 6: In case of Semi-persistent CSI-RS is used for CSI reporting, activation delay is 6ms + TFirstSSB_MAX + TSMTC_MAX + Trs + THARQ + max(Tuncertainty_MAC + TFineTiming + 2ms, Tuncertainty_SP). (Option 2)
Proposal 7: In case of periodic CSI-RS is used for CSI reporting, activation delay is 3ms + TFirstSSB_MAX + TSMTC_MAX + Trs + max {(THARQ + Tuncertainty_MAC + 5ms + TFineTiming), (Tuncertainty_RRC + TRRC_delay)}. (Option 2)

	R4-2118356
	OPPO
	Proposal 1: For CBM based FR2 inter-band CA, the existing interruption requirements of intra-band CA can apply.
Proposal 2: Except the general restriction for UE measurement, RAN4 does not need to define additional measurement restrictions due to CBM operation in FR2 inter-band CA.
Proposal 3: The SCell activation requirements shall be reduced if PCell/PSCell and the target SCell are in a FR2 band pair with CBM and the target SCell is unknown.

	R4-2118425
	ZTE Corporation
	Proposal 1:The existing Rel16 interruption requirements of intra-band CA shall be applied. 
Proposal 2: SSB-ID search latency and AGC settling time cannot be reduced.
Proposal 2: The updated text of the definition of T_SMTC_MAX is supported.

	R4-2118748
	Ericsson
	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.  

	R4-2118749
	Ericsson
	Draft CR on RRM requirements for FR2 inter-band DL CA

	R4-2118768
	Nokia, Nokia Shanghai Bell
	Note: The following proposals are all based on the assumption that RTD ≤ X (X being the discussed threshold in [1]).
Interruption requirements:
The general principles of the Rel16 interruption requirements of intra-band CA can be applied.
Scheduling restrictions:
Capture the UE scheduling availability requirements based on the assumption that RTD ≤ X.
Measurement restrictions:
Clarify the UE measurement restriction requirements by adding a clarification addressing the measurement restriction requirements when the UE is configured with inter-band CA in FR2.
SCell activation delay requirements for an unknown SCell for FR2 inter-band CA for CBM capable UE is (assuming SCell is in the other band than the band in which the BM RS is located:
Semi-persistent CSI-RS is used for CSI reporting: 6ms + TFirstSSB_MAX + TSMTC_MAX + [X] Trs + THARQ + 2ms
Periodic CSI-RS is used for CSI reporting: 3ms + TFirstSSB_MAX + TSMTC_MAX + [X] Trs + THARQ + 5ms

	R4-2118440
	Nokia, Nokia Shanghai Bell
	Draft CR for RRM requirements other than MRTD for CBM inter-band FR2 CA

	R4-2118831
	Huawei, Hisilicon
	Proposal 1: If there is no restrictions on RF architecture of CBM type UE, in considering of the worst case, the existing R16 interruption requirements for FR2 intra-band CA can be reused for CBM based FR2 inter-band CA in R17.
Proposal 2: For CBM UE, the cell search latency for coarse timing estimation needs to be considered within the SCell activation delay for unknown target SCell in case 2.
Proposal 3: For CBM UE, due to no Rx beam sweeping, the AGC settling time can be reduced for defining the SCell activation delay for unknown target SCell in case 2.
Proposal 4: For CBM UE, the L1-RSRP measurement time for fine beam detection can be reduced from the SCell activation delay for unknown target SCell in case 2.
Proposal 5: For CBM UE, the uncertainty time for waiting the TCI state indication of the target SCell can be reduced from the SCell activation delay for unknown target SCell in case 2.
Proposal 6: For CBM UE, the SCell activation delay Tactivation_time for unknown target SCell in case 2 can be defined as:
		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 + TSMTC_MAX + 8*Trs  + THARQ + max(+ TFineTiming + 2ms, Tuncertainty_SP).
	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 + TSMTC_MAX + 8*Trs + max {(THARQ + 5ms + TFineTiming), (Tuncertainty_RRC + TRRC_delay)}.


Proposal 7: For FR2 inter-band CA with CBM UE, there is no need to introduce the measurement restrictions among layer 1 measurements on CCs in different bands.

	R4-2118832
	Huawei, Hisilicon
	DraftCR on scheduling restriction requirements for FR2 inter-band CA with CBM

	R4-2119584
	Qualcomm Incorporated
	
· Interruption Requirements
Proposal 1: The existing Rel-16 interruption requirements of intra-band CA shall be applied

· SCell activation for CBM UE
Proposal 2: Unknown SCell activation requirements for CBM based FR2 CA are as bellow:
· In case of Semi-persistent CSI-RS is used for CSI reporting, 
· 6ms + TFirstSSB_MAX + TSMTC_MAX + Trs + THARQ + max(Tuncertainty_MAC + TFineTiming + 2ms, Tuncertainty_SP). 
· TSMTC_MAX: the longer SMTC periodicity between active serving cells and SCell being activated in the bands supported for CBM
· If case of periodic CSI-RS is used for CSI reporting: 
· 3ms + TFirstSSB_MAX + TSMTC_MAX + Trs + max {(THARQ + Tuncertainty_MAC + 5ms + TFineTiming), (Tuncertainty_RRC + TRRC_delay)}. 



Open issues summary
Sub-topic 1-1: MRTD requirements for CBM
Sub-topic description: This sub-topic discusses the MRTD requirements for common beam management and potential performance impact on FR2 inter-band DL CA.
Agreements in GTW at RAN4#100-e meeting: 
· Agreements on GTW (Aug.17):
· MRTD for inter-band CA in FR2 under CBM is 3us
· For the receive time difference below X us no performance degradation is expected
· For the receive time difference equal or higher than X us a performance degradation is allowed
· Degradation of UE demodulation and [RRM] performance is allowed.
· Note: companies are encouraged to bring more analysis on Demodulation and RRM performance impacts. 
· FFS on the performance degradation including affected symbols, slots
· FFS on solutions to reduce performance degradation and whether and how to introduce restrictions for UE Rx beam change
· Option 1: Use network scheduled/controlled instances for UE Rx beam change
· Other options not precluded
· X is FFS
· Option 1: CP
· Option 2: CP/2
· Option 3: CP length – UE Rx beam switch time – 2 x DL timing error
· Option 4: CP length – UE Rx beam switch time
· Other options not excluded
Issue 1-1-1: value of X below which performance degradation is NOT allowed 
Proposals:
· Option 1: CP (Apple, OPPO)
· Option 2: CP length – UE Rx beam switch time – 2 x DL timing error (Vivo, Intel, Mediatek, Qualcomm)
· Option 2a: For 120kHz SCS of active DL BWP, X is 350ns and 368ns for SSB SCS of 120kHz and 240kHz, respectively, based on the following assumptions: (Qualcomm)
· UE Rx beam switch time is 200ns
· DL timing error is 18ns and 9ns for SSB SCS of 120kHz and 240kHz, respectively
· Option 3: CP length – UE Rx beam switch time (Nokia, LG, Huawei)
· UE Rx beam switch time is less than 10ns (Nokia)
· Option 4: Do not need any particular value of X in the standard (Ericsson)
· Recommended WF:  It is recommended to focus on the options listed above regarding to how to derive X. For the companies promoting Option 2 and Option3, as the UE Rx beam switch time will impact the value of X, it is encouraged to also provide the comments on the value of the beam switch time. 
	Company
	Comments

	QualcommXXX
	We first want to clarify the wording of Issue 1-1-1. It is more appropriate to say “value of X below which performance degradation is NOT expected” than “…NOT allowed”.
We support Option 2. And the DL timing error is derived from 1/(2 x SSB_BW) assuming fine timing is estimated by using DMRS in PBCH. And for beam switch time, we believe 200ns is a reasonable value that can be further confirmed by RF session.

	MTK
	Support Option2. We also assume UE Rx beam switch time is 200ns, which was also the assumption used in RF discussion to our understanding.

	LG Electronics
	Support Option 3. 
UE Rx beam switch time of 200ns can be assumed. We think DL timing error can be already reflected to the reference of received time. So, we do not consider it.

	vivo
	support option 2.

	Huawei
	Our proposal is option 3, but we can accept option 2.
The total time of (UE Rx beam switch time – 2 x DL timing error) can be assumed as 200ns. It can be clarified that the performance degradation can be allowed when receive timing difference equal or higher than (CP length – 200ns).

	OPPO
	In our view CP is enough to guarantee performance, compared to UE Rx beam switch time as ns level. Based on recommended WF, we are also fine with either option 2 or option 3.

	Ericsson
	We prefer option 4 and we think this is fine if we can avoid any performance degradation (issue 1-1-2) with scheduled gaps.
Nevertheless, if X has to be calculated then option 3 and option 2 formulas are fine. We do not agree to UE RX beam switch time of 200 ms. The BS beam switch time was agreed to be [58 ns] in BS RF session.
We also agree that X could be needed in some schedule restriction solutions, where schedule gaps are introduced.

	Apple
	We can compromise to option 2 or 3 also. 

	Intel
	Support Option 2

	Nokia
	We support option 1 and option 3. From our point of view, the Rx beam switch time is very small, considering the time length between CP and Rx beam switch, we can consider ignore the beam switch time when considering the performance degradation.
We would expect we are discussing the Rx time difference between the bands. The actual DL path loss delay difference between the bands is assumed insignificant in inter-band CA. Discussion is related to CBM (common beam) and UE autonomous beam switch. Hence UE will switch Rx beam based on BM RS from 1 band (where the UL is placed). Assuming single Rx architecture (RAN4 should assume same architecture for all scenarios) a switch may impact if RTD is above threshold. But DL PL is assumed same in both bands and hence we only see the impact from the beam switch delay (besides the RTD)? 
One proposal is to distinguish UE autonomous Rx beam switch and network-controlled TCI state change based beam switch. However, it is not clear why additional 2xDL_timing_error is needed. Even if there is RTD the DL PL delay difference is assumed 0. But we are open to discuss.
It seems companies have quite diverse views on the beam switch time. We understand that the switch is UE implementation specific, and it would be good to get more detailed discussion related to how to decide a beam switch time delay assumption in RAN4.



Issue 1-1-2: performance degradation when receive time difference exceeds [X]us
Proposals: 
· Option 1: Adding a note to the corresponding MRTD table as below, wherein the note is formulated as (Vivo, Nokia, Mediatek, LG, OPPO, Apple):
· Option 1a: If the receive time difference exceeds [X]us, demodulation performance degradation is expected for the first or the last OFDM symbols of slot in a band where beam management reference resource(s) is not configured. (Vivo, Mediatek)
· If both bands are configured with beam management reference resource(s), the demodulation performance degradation is expected for only one of band. (Mediatek)
· Also clarify in the note, if different type-D QCL information are configured for the symbols within one slot, performance degradation is expected on one band for the 1 symbol before UE applying different type-D QCL information and on the symbol that UE applying different type-D QCL information. (Mediatek)
· Option 1b: If the receive time difference exceeds [X]us, demodulation performance degradation is expected for the first OFDM symbol of slot in other CC (Nokia, LG)
· when Rx beam switch is performed in slot boundary in a received CC earlier (LG)
· Option 1c: If the receive time difference exceeds [X]us, demodulation performance degradation is expected for all the OFDM symbols of the slot in a band where beam management reference resource(s) is not configured. (Vivo, OPPO)
· Option 1d: If the receive time difference exceeds [X]us, demodulation performance degradation with one slot loss per periodicity of RS for beam managements is expected. (Apple)
 Table 7.6.4-2: Maximum receive timing difference requirement for inter-band NR carrier aggregation
	Frequency Range of the pair of carriers
	Maximum receive timing difference (µs) 

	FR1
	33

	FR2
	8 note1

	FR2
	3 note2

	Between FR1 and FR2
	25 

	Note1:	This requirement applies to the UE capable of independent beam management for FR2 inter-band CA.
Note2:	This requirement applies to the UE capable of common beam management for FR2 inter-band CA. If the receive time difference exceeds [X] of that SCS, demodulation performance degradation is expected for [TBD] symbol of the slot in the band where beam management reference resource(s) is not configured, where X is defined in Table 7.6.4.3.



· Option 2: MRTD of 3us for inter-band CA in FR2 under CBM with a scheduling restriction (Intel, Ericsson):
· Option 2a: scheduling restriction is of one symbol either immediately before DL -> UL switch, or immediately after UL -> DL switch in the cell. (Ericsson) 
· Option 2b: Introduce the scheduled gaps for UE to switch its beam. Scheduling restrictions on SCell (or both Pcell and Scell) are applied during beam switching gap (Intel, Ericsson)
· Option 2c: scheduling restriction can happen at any slot (Ericsson)
· Option 3: An interruption up to 1 symbol is allowed for UE Rx beam switching due to TCI state change (Huawei, Qualcomm) 
· Option 4: UE demodulation performance degradation is expected: (Qualcomm)
· UE demodulation performance degradation due to NW driven UE Rx beam switching:
· The first and the last OFDM symbols of a slot in a band where beam management reference resource(s) is not configured, if the UE is configured with different QCL-TypeD sources in consecutive slots.
· If UE is scheduled to apply different beams within a slot, e.g. PDCCH-to-PDSCH, additional performance degradation is expected within the slot
· An interruption of up to 1 symbol is allowed for UE Rx beam switching due to TCI state change
· RAN4 to define UE requirement in terms of how often and/or where the performance degradation is allowed due to UE autonomous Rx beam switching, i.e. to choose between the following options to allow UE demodulation performance degradation due to UE autonomous Rx beam switching:
· Option-1) the last OFDM symbol of a slot immediately before DL-to-UL switch and the first OFDM symbol of a slot immediately after UL-to-DL switch every [Y]ms, FFS on Y.
· Option-2) demodulation performance degradation is allowed in [Y]% of slots over [Z] ms, FFS on Y and Z.
· Recommended WF: The numbering of the sub-options is changed a bit and the proposals are mapped to the new numbering. Companies are encouraged to provide comments on the performance degradation considering network controlled Rx beam switching and UE autonomous beam switching respectively. 
	Company
	Comments

	QualcommXXX
	We support Option 3 and Option 4.
Regarding performance degradation due to UE autonomous Rx beam switching, we oppose the idea of limiting UE beam switch occasions to a specific time window which may cause another side effect. We don’t believe when and how frequently UE may have to adjust its beam is something that can be predictable/determined in a stable manner. All those should be left to UE implementation. 
And regarding the frequency of performance degradation due to receive time difference > [X]us, we admit that UE autonomous bean switch will be less likely to happen every slot practically.
Therefore, we oppose Option 2, and prefer Option 4 to Option 1. Between Options under Option 4, we slightly prefer Option 2 of Option 4 to Option 1 of Option 4.

	MTK
	We can consider Option 1, 3, 4. 
We support Option 3 to address the NW driven UE Rx beam switching. We would like to emphasize this TCI change is not necessarily triggered by the TCI state switching command but also because of different TCI states are configured on nearby OFDM symbols. We suggest the wording as Option 3a as below:
“Option 3a: An interruption up to 1 symbol is allowed for UE Rx beam switching due to different TCI states are configured nearby OFDM symbols.” 

Option 3, 1st bullet of Option 4, and 2nd sub-bullet of Option 1a are well aligned to address the concern on TCI states. 
Option 1 is more like the manner to capture the performance degradation. Option 3 and 4 can be captured in the table. 
On the 2nd bullet of Option 4, we support Option 2, because it provide more flexibility for UE implementation. 
We oppose Option 2b to introduce a scheduled gap, because UE beam switching is depending on the channel fluctuation and UE movement and it is not appropriate to consider it in a stable manner.

	LG Electronics
	As seen in R4-2117834, to reduce occasion of performance degradation, we believe Option 1b is better even though the Rx beam switch occasions are up to UE implementation.  
In Option 1b, sub-bullet is not reflected correctly with our proposal. We would like to fix it as follows. 
· when Rx beam switch is performed in slot boundary in a received CC earlier  later (LG)
FYI, in Issue 1-1-3, it is reflected correctly.

	Vivo
	We think due to the MRTD value we agreed we need to address the performance loss, which is hardly to be handled through scheduling restriction. Ok to consider option 1 , 3, 4. 

	Huawei
	For network controlled Rx beam switching, the performance degradation or interruption needs to be clarified. For UE autonomous beam switching, whether to avoid performance degradation is up to UE implementation. But the performance degradation also need to be allowed for UE autonomous beam switching. 
Hence, we can agree with option 1a, to add a note for clarifying the performance degradation on the first or last symbol of a slot. And option 3 is also needed.

	OPPO
	We prefer to consider option 1c as the worst case of scheduling restriction. But also open to consider other options as optimization methods. 

	Ericsson
	We prefer option 2 (MRTD of 3us for inter-band CA in FR2 under CBM with a scheduling restriction) and inside option 2 we prefer option 2b (Introduce the scheduled gaps for UE to switch its beam) and then option 2a (use UL/DL DL/UL switch + fixed scheduling restriction).

	apple
	We propose Option 1d. Even though the Rx beam switch only impacts limited number of symbols, it jeopardizes the reception of the whole slot. 
We don’t prefer to option 2 since it will limit UE’s flexibility of Rx beam switching. 
On option 3, it is unclear how the interruption can be limited to one symbol. Unless NW is aware of exactly when Rx beam switching happens and applies scheduling restriction, it otherwise impacts the whole slot. 

	Intel
	We prefer Option 2 to avoid unpredictable performance degradation

	Nokia
	We support 1b. The UE autonomous Rx beam change is up to UE’s implementation and will be UE implementation specific. Similar to the performance impact it may need long time to discuss and agree any common UE RX switching assumptions which can be used by the network scheduling for such Rx beam switching instances. Considering the time schedule for this WI, RAN4 could focus on defining the general RRM requirements, like add the note. 
For the impacted symbol/slot, We understand that the UE Rx beam switch may happen at any slot, but we do not expect that it will happen at every slot. When the Rx beam switch happens in a slot, performance degradation is expected for the first symbol of the slot if the receive time difference exceeds the threshold X us.
In option 1a, we do not understand why both bands are configured with BM RS.  According to RF agreement as below, BM RS is only configured in the CC where the UL is allocated.
• 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.
· In FR2 CA cases, requirements apply when the BM RS is provided in a CC with a configured UL BWP
Based on the discussion and proposals we would propose following:
This requirement applies to the UE capable of common beam management for FR2 inter-band CA. If the receive time difference exceeds [X] of that SCS, demodulation performance degradation is allowed for [TBD] symbol of the slot in the band where beam management reference resource(s) is not configured, where X is defined in Table 7.6.4.3
and [TBD] is ‘the first or the last OFDM’.
RAN4 does not define any restriction on when UE Rx beam switch may occur. 
Impact depends on whether beam change is due to TCI state change or UE autonomous Rx beam switch.




Issue 1-1-3: Solutions to reduce/avoid performance degradation
· Proposals:
· Option 1: Introduce network scheduled/controlled time instances for UE Rx beam change (Intel, Ericsson)
· If the proposed mechanism is not supported and the receive time difference is equal or higher than X, then the performance degradation can be expected on any symbol of the SCell. (Intel)
· Option 2: Do not define solutions. Rx beam switching is fully controlled by UE (Apple, Vivo, OPPO)
· Option 3: Do Rx beam switch in slot boundary in one CC which is received later to reduce performance degradation. (LG)
· Option 4: UE performs autonomous Rx beam switching associated with UL-to-DL switching in order to reducing performance degradation (Huawei)
· Recommended WF 
	Company
	Comments

	QualcommXXX
	We oppose Option 2. And we think Option 4 of Issue 1-1-2 can reasonably limit performance degradation impact. If we want to make it more predictable from NW scheduling perspective, Option 1 of Option 4 in Issue 1-1-2 can be a reasonable compromise. And if needed, we can also consider changing the wording of the Option 1 from “Option-1) the last OFDM symbol of a slot immediately before DL-to-UL switch and the first OFDM symbol of a slot immediately after UL-to-DL switch every [Y]ms, FFS on Y.” to “Option-1) the last OFDM symbol of a slot immediately before DL-to-UL switch or the first OFDM symbol of a slot immediately after UL-to-DL switch every [Y]ms, FFS on Y.”

	MTK
	We oppose option 1, 3, 4, because those limit UE beam switching implementation.  

	LG Electronics
	As mentioned in Issue 1-1-2, we support Option 3. 

	vivo
	Support option 2

	Huawei
	We support option 2.

	OPPO
	Support option 2

	Ericsson
	We prefer option 1 (Introduce network scheduled/controlled time instances for UE Rx beam change). The option 4 (UE performs autonomous Rx beam switching associated with UL-to-DL switching) is also fine if option 1 can not be agreed.

	Apple
	It is important of UE to retain the flexibility of Rx beam switching. We are open for the solutions but option 1, 3 and 4 do not seem working. 
Option 1: restrict UE flexibility
Option 3: one slot interruption is expected as option 1 in 1-1-2
Option 4: Rx beam switching may not align with UL-DL configuration.

	Intel
	We prefer Option 1 together with the note.

	Nokia
	Currently the UE autonomous Rx beam change and timing of the RX beam switch has been left up to UE’s implementation. A change in this basic assumption will impact UE implementations and impact will be UE implementation specific. Defining rules for reduced UE Rx beam switch for inter-band CA CBM capable UE will potentially impact the overall TP. However, how big gain to achieve from such rules is open currently (as it is not clear how often the UE may switch the Rx beam autonomously). Similar to the MRTD discussion it may need long time to discuss and agree any common UE autonomous RX switching assumptions which can be used by the network scheduling for such Rx beam switching instances. 
Considering the time schedule for the RRM core requirements for this WI, RAN4 can continue to discuss potential solution for reducing or even avoiding the performance degradations until Mar 2022. Meanwhile RAN4 should work on finalizing the detail UE requirements when RTD us below the threshold.




Issue 1-1-4: Impact on RRM performance when receive time difference exceeds [X]us
· Proposals:
· Option 1: Scheduling restriction due to L1-RSRP/RSRQ/SINR can be different depending on if MRTD>X. (Apple) 
· Option 2: when MRTD>X, measurement restriction for L1-RSRP/RSRQ/SINR measurement should be introduced for CBM (Apple)
· Recommended WF:  
	Company
	Comments

	QualcommXXX
	For the scheduling restrictions due to L1 measurement, we think those are already captured in this wording in the agreement made in RAN4#100 e-meeting.
· Agreements: 
· The current scheduling restriction imposed on FR2 intra-band CA should be also applied to CBM-based FR2 inter-band CA. And the MRTD shall be also taken into account in the definition of “the fully or partially overlapped symbols”.
· 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
· RLM
· 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
· L1 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
And for measurement restriction, because RLM is only for SpCell, and BFD/CBM and L1-RSRP measurement/report are on anchor-cell in terms of BM (the cell that has BM reference resources which should be SpCell), we don’t think additional measurement restrictions for CBM is needed, e.g. CBM UE performs RLM, BFD, CBD, L1-RSRP measurements only on SpCell.

	MTK
	We support Option 2. Unless we capture that “CBM UE performs RLM, BFD, CBD, L1-RSRP measurements only on SpCell”, otherwise we should consider network may configure RSs on both bands to achieve better UE performance, and thus the measurement restriction should be defined for CBM UE across bands. 
Option 1 has already agreed in the last meeting to our understanding.

	Huawei
	To Apple, does L1-RSRP/RSRQ/SINR refer to L1 measurements or L3 measurements?
We suggest to define scheduling/measurement restrictions that can be applied for MRTD=3us, no further dividing into RTD<X and X<RTD≤3us. 

	Ericsson
	We think these are discussed in 1.2.2. Is there any difference to this and the issues in 1.2.2?

	Apple
	We are happy that companies confirmed option 1 has been agreed in the previous meeting
Regarding option 2: even for FR2 intra-band CA, L1-RSRP can be configured on multiple CC. So, we don’t think we can restrict L1-RSRP only to SpCell. In this case, measurement restriction is needed. 

	Nokia
	Initially, RAN4 would need to agree on the impact (one or more symbols per Rx switch) and whether it is first symbol, last symbol or both first and last symbols (or all symbols). See Issue 1-1-2. And should this be better discussed in Issue 1-2-2 and Issue 1-2-3? We understood this fits well the RRM requirements given RTD > X?




Sub-topic 1-2: Other RRM requirements for CBM
Sub-topic description: This sub-topic discusses the RRM requirements other than MRTD in case of CBM for FR2 inter-band DL CA. 

Issue 1-2-1: Interruption requirements
· Proposals
· Option 1: The existing Rel16 interruption requirements of intra-band CA shall be applied (OPPO, ZTE, Nokia, Huawei, Qualcomm)
· Assuming RTD ≤ X (Nokia)
· Option 2: 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. (Ericsson)
· Recommended WF
· TBA
	Company
	Comments

	QualcommXXX
	The only difference between the two options is whether and how to modify the location of interruption in time. We’re not really sure if the interruption location is always defined with respect to victim cell slot or aggressor cell slot, i.e. unclear whether the OFDM symbol shift should be explicitly captured in spec. Besides, we also wonder if the one OFDM symbol shift should be just the location change or will end up adding one slot to the current interruption length for intra-band CA because the current interruption lengths are quantized in slot-level.

	MTK
	Support Option 1. 

	Vivo
	Support option 1

	Huawei
	We support option 1, but there is no additional limitation of assuming RTD<X. 

	OPPO
	Support option 1

	Ericsson
	In principle we can agree that existing R-16 intra-band CA interruption requirements can be reused. 
We could further discuss the location of interruption.    

	Apple
	Support option 1 with clarification on MRTD. On option 2, the interruption is mainly defined in slot level. It is not very clear how to reflect the symbol level shift in the requirement. 

	Nokia
	The two options seem not conflicting. For Option 2, we understood the location of interruption is shifted by 1 OFDM symbol only if RTD is larger than X. Is it possible to merge the two options as below:
· The existing Rel16 interruption requirements of intra-band CA shall be applied, if RTD ≤ X, and
· Location of interruption may be shifted by 1 OFDM symbol compared to interruption location of intra-band CA, if RTD > X
Hence, we suggest to hear if 1st bullet can be agreed by Ericsson and we then further discuss the 2nd bullet?



Issue 1-2-2: Scheduling restriction
· Proposals
· Option1: Capture the UE scheduling availability requirements based on the assumption that RTD ≤ X (Nokia)
A UE is capable of common beam management on this FR2 band pair, when inter-band carrier aggregation in FR2 is performed, the scheduling restrictions due to a given serving cell should also apply to all other serving cells in the same band and other band on the symbols that fully or partially overlap with aforementioned restricted symbols
· Recommended WF
· TBA
	Company
	Comments

	QualcommXXX
	In our understanding, the proposal is already captured in this wording in the agreement made in RAN4#100 e-meeting.
· Agreements: 
· The current scheduling restriction imposed on FR2 intra-band CA should be also applied to CBM-based FR2 inter-band CA. And the MRTD shall be also taken into account in the definition of “the fully or partially overlapped symbols”.
· 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
· RLM
· 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
· L1 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


	Huawei
	The scheduling restrictions on serving cells in the same band have already been defined. Hence, it is only need to introduce the scheduling restrictions on different band. The following wording is suggested:
When inter-band carrier aggregation in FR2 is performed, the scheduling restrictions due to a given FR2 serving cell should also apply to all serving cells in different band(s) on the symbols that fully or partially overlap with restricted symbols, provided that UE is capable of independent beam management on this FR2 band pair.

	Ericsson
	It is agreed in last meeting and corresponding CR are provided.

	Apple
	Agree with proposal.

	Nokia
	While the performance degradation is under discussion, we would suggest discussing the RRM requirements under the assumption of RTD  ≤  X and RTD > X separately:  
· when RTD ≤ X, no performance degradation is expected so the existing scheduling restriction can be well applied to CBM capable UEs. 
· When RTD > X, the further UE requirements impact from when the RTD threshold is exceeded can be discussed once the potential impact and the affected symbols when RTD > X has settled.
The provided TP address the UE scheduling availability requirements when RTD ≤  X.




Issue 1-2-3: Measurement restriction
· Proposals: 
· Option 1: RAN4 not to define additional measurement restrictions for CBM operation in FR2 inter-band CA, i.e. the existing measurement restriction need to be considered. (OPPO, Huawei)
· Option 2: RAN4 not to define any measurement restrictions for CBM operation in FR2 inter-band CA (Ericsson)
· Option 3: Measurement restriction requirements need to be defined for CBM capable UE for FR2 inter-band CA scenario. (Mediatek, Nokia)
· Option 3a: Extend the existing FR2 intra-band CA measurement restriction requirements to the FR2 CBM inter-band CA scenarios. (Mediatek)
· Option 3b: Adding a clarification addressing the measurement restriction requirements when the UE is configured with inter-band CA in FR2. (Nokia)
· Recommended WF
· With Option 1, it is understood existing measurement restriction still applies and no additional restriction is required. Can it be merged with Option 3 as both options support applying some measurement restriction to CBM UEs? 
	Company
	Comments

	QualcommXXX
	Support Option 1.
From our reading of R4-2118748 in which Option 2 is proposed, Option 2 looks identical to Option 1, i.e. no measurement restriction specific to CMB is necessary.
Regarding Option 3, when we read R4-2118329 where Option 3 is proposed, we seem to have different understandings of this.

In our understanding, for CBM, there is no restriction on network to deploy measurement RS on both 2 bands to enhance UE performance in CBM deployment, although RF requirements applies on the CC with a configured UL BWP. 
Thus, the measurement restriction requirements need to be defined for CBM. For examples, if the RSs on 2 bands configured with different QCL information, then measurement restriction will apply. The existing FR2 intra-band CA measurement restriction requirements can be taken as the starting point to define the requirement.

Based on our understanding of CBM definition made in RF session, BM reference resources for CBM UE can be configured only one particular CC which should be Pcell. Besides, as RLM is only for SpCell, and BFD/CBM and L1-RSRP measurement/report are on anchor-cell in terms of BM (the cell that has BM reference resources which should be SpCell), we don’t think additional measurement restrictions for CBM is needed, e.g. CBM UE performs RLM, BFD, CBD, L1-RSRP measurements only on SpCell.

	MTK
	We support Option 3. 
The measurement restriction should be defined for CBM UE across bands, because we should consider network may configure RSs on both bands to achieve better UE performance. 
Unless we capture that “CBM UE performs RLM, BFD, CBD, L1-RSRP measurements only on SpCell” to exclude Network to deploy RSs on both bands. 

	Huawei
	We prefer option 1. 
The existing measurement restrictions requirements can be applied for the case that two RS resources for L1 measurements are overlapped on the same CC or different CCs in the same band.
For option 3, whether to define measurement restrictions for CBM based FR2 inter-band CA depends on whether the network indicates RS resources in different bands for L1 measurements. It is assumed that CBM UE 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. It seems that the network only needs to configure one CC for BM and this CC is possible to be PCC/PSCC. For CBM UE, the RS sources for L1 measurements usually will be indicated on PCC/PSCC, and the existing measurement restrictions requirements can be applied for the intra-frequency case. However, we can compromise to option 3 If there is no limitation that network only will configure PCC/PSCC for BM.

	OPPO
	Support option 1.

	Ericsson
	We feel both option 1 and option 2 are referring same. Hence, we support option 1. 

	Apple
	Support option 3. Similar comments as 1-1-4

	Nokia
	Option 3.
In general, we think that the UE requirements need to be defined even if that means that they would be the same (re-use) as some existing requirements. Defining the requirements does not always mean adding new requirements would need to be introduced but at least clarifying which requirements apply.




Issue 1-2-4: Scell activation delay 
Agreements in GTW at RAN4#99-e meeting: 
· 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 
Candidate options after RAN4#100-e meeting: 
Principles: 
· 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 
Text proposals: 
· In case of Semi-persistent CSI-RS is used for CSI reporting, 
· Option 1: 3ms + TFirstSSB_MAX + Trs + THARQ +  TFineTiming + 2ms
· Option 2: 6ms + TFirstSSB_MAX + TSMTC_MAX + Trs + THARQ + max(Tuncertainty_MAC + TFineTiming + 2ms, Tuncertainty_SP). 
· FFS if the definition of “TSMTC_MAX” needs to be updated 
· If case of periodic CSI-RS is used for CSI reporting: 
· Option 1: 3ms + TFirstSSB_MAX + Trs + THARQ +  TFineTiming + 2ms
· Option 2: 3ms + TFirstSSB_MAX + TSMTC_MAX + Trs + max {(THARQ + Tuncertainty_MAC + 5ms + TFineTiming), (Tuncertainty_RRC + TRRC_delay)}. 
· FFS on detailed parameters like Tuncertainty_MAC 
· FFS if some parameter can be further removed (based on discussion on principle) 
· FFS on the impact of MRTD>X

· Proposals:
Issue1-2-4-1: Can SSB-ID search latency for coarse timing estimation be skipped if RTD ?
· Option 1: Yes (Nokia, Ericsson, Qualcomm)
· Option 2: No (Mediatek, OPPO, ZTE, Huawei)

Issue1-2-4-2: Can AGC settling time be reduced for UE owing to following AGC settling in Pcell/PSCell?
· Option 1: Yes (Nokia, Huawei)
· Option 2: No (Mediatek, OPPO, ZTE)

Issue1-2-4-3: Can TCI state indication and CSI reporting can be skipped for both semi-persistent and periodic CSI reporting?
· Option 1: Yes (ZTE, Nokia, Ericsson, Huawei)
· Option 2: No (Mediatek)

Issue1-2-4-4: Need the definition of T_SMTC_MAX in Scell activation requirements be updated
· Option 1: For CBM Inter-band UE, the longer SMTC periodicity between active serving cells and Scell being activated in the bands supported for CBM. (ZTE, Qualcomm)

Issue1-2-4-5: Text proposal in case of Semi-persistent CSI-RS is used for CSI reporting, 
· Option 1: 3ms + TFirstSSB_MAX + Trs + THARQ +  TFineTiming + 2ms (Ericsson)
· Option 2: 6ms + TFirstSSB_MAX + TSMTC_MAX + Trs + THARQ + max(Tuncertainty_MAC + TFineTiming + 2ms, Tuncertainty_SP). (Mediatek, Qualcomm)
· Option 3: 6ms + TFirstSSB_MAX + TSMTC_MAX + X Trs + THARQ + 2ms (Nokia)
· Option 4: 6ms + TFirstSSB_MAX + TSMTC_MAX + 8*Trs  + THARQ + max(TFineTiming + 2ms, Tuncertainty_SP). (Huawei)

Issue1-2-4-6: Text proposal in case of  periodic CSI-RS is used for CSI reporting: 
· Option 1: 3ms + TFirstSSB_MAX + Trs + THARQ +  TFineTiming + 2ms (Ericsson)
· Option 2: 3ms + TFirstSSB_MAX + TSMTC_MAX + Trs + max {(THARQ + Tuncertainty_MAC + 5ms + TFineTiming), (Tuncertainty_RRC + TRRC_delay)}. (Mediatek, Qualcomm)
· Option 3: 3ms + TFirstSSB_MAX + TSMTC_MAX + X Trs + THARQ + 5ms (Nokia)
· Option 4: 3ms + TFirstSSB_MAX + TSMTC_MAX + 8*Trs + max {(THARQ + 5ms + TFineTiming), (Tuncertainty_RRC + TRRC_delay)}. (Huawei)
· Recommended WF
· As the discussion depends on if the receive time difference is below or above [X]us, it is recommended to provide the comments for RTD below [X]us and RTD equal or above [X]us cases respectively.
If receive time difference is below X [us]:  
	Company
	Comments

	QualcommXXX
	Issue1-2-4-1:
We prefer to not define separate requirements depending on RTD because whether RTD < [X]us or not may be anyway unknown to UE until SSB ID search and fine time/freq acquisition. For the same reason, we skip the rest of the issues.
Issue1-2-4-2:
Issue1-2-4-3:
Issue1-2-4-4:
Issue1-2-4-5:Issue1-2-4-1:
Issue1-2-4-2:
Issue1-2-4-3:
Issue1-2-4-4:
Issue1-2-4-5:

	MTK
	We prefer to not define separate requirements.

	Huawei
	It refers to the unknown FR2 SCell activation. Then, UE does not known the timing difference between the unknown SCell and PCell/PSCell. UE cannot predict whether the RTD is below X or above X. UE needs to consider the worst case (3us MRTD). We suggest not to divide into two cases (RTD < Xus and RTD > X us) and only to consider the worst case (3us MRTD).

	Ericsson
	Same view as QC, MTK.

	Apple
	Agree that no separated requirements are needed

	Nokia
	Issue1-2-4-1: Option 1
Issue1-2-4-2: Option 1
Issue1-2-4-3: As this is for CBM UE using BM RS in the band with UL it is not clear to us why there is any need for TCI indication as there is no beam steering needed.
Issue1-2-4-4: option 1
Issue1-2-4-5/6: option 3 but we also think it depends on the agreements related to Issues 2-4-1/2/3/4.



If receive time difference is equal or above X [us]:  
	Company
	Comments

	QualcommXXX
	Issue1-2-4-1: 
Option 2.
Issue1-2-4-2:
It is unclear what is the definition of ‘AGC settling time’. If this is about the number of required SSB bursts for coarse and fine AGC can be reduced compared to the legacy requirement, the answer from us is Option 1.
Issue1-2-4-3:
Option 2. We are not sure if CBM UE will have only one active TCI state. At least, for spec completeness, we think this can be an unnecessary restriction imposed by RAN4 spec unless there is a good justification.
Issue1-2-4-4:
Option 1. It should be a common understanding that CBM inter-band CA will be more or less the same as intra-band CA in terms of UE hardware/network architecture which will determine interruption characteristics.
Issue1-2-4-5:
Option 2.
Issue1-2-4-6:
Option 2.Issue1-2-4-1:
Issue1-2-4-2:
Issue1-2-4-3:
Issue1-2-4-4:
Issue1-2-4-5:

	MTK
	Issue1-2-4-1: 
Option 2. MRTD is agreed to be 3 us, which is larger then CP, thus the search latency for coarse timing estimation cannot be skipped.
Issue1-2-4-2:
Option 2. Bands in FR2 can be with large separation, thus the AGC settling time cannot be reduced. 
Issue1-2-4-3:
Option 2. In the legacy requirement TCI indication is assumed. While it proposed no TCI indication by take the information from Pcell/PSCell other band by default. However, it will introduce new UE ehaviour. To simplify UE implementation, we prefer to the UE ehaviour as the legacy as much as possible.
Issue1-2-4-4:
Support Option 1, by following the intra-band CA principle.  
Issue1-2-4-5:
Option 2.
Issue1-2-4-6:
Option 2.

	Vivo
	Issue1-2-4-1: 
Option 2. 
Issue1-2-4-2:
Option 2.
Issue1-2-4-3:
Option 2. 


	Huawei
	Same comments, we suggest not to divide into two cases (RTD < Xus and RTD > X us) and only to consider the worst case (3us MRTD).
Issue 1-2-4-1: Support option 2.
Considering 3us MRTD, cell detection time cannot be skipped.
Issue 1-2-4-2: Support option 1.
UE Rx beam sweeping operation is not needed, and the beam factor can be reduced from 8 to 1. 
Issue 1-2-4-3: Support option 3, only TCI state indication can be skipped.
Since UE performs common beam managements for FR2 inter-band CA, the TCI information of PCell/PSCell can be used on the target SCell and there is no need to wait a TCI for the target SCell.
Issue 1-2-4-4: we can agree with option 1.
Issue 1-2-4-5: Support option 4
Depends on the discussion on issues 1-2-4-1/2/3.
Issue 1-2-4-6: Support option 4
Depends on the discussion on issues 1-2-4-1/2/3.

	Ericsson
	Issue1-2-4-1: 
Option 2.
Issue1-2-4-2:
Option 2.
Issue1-2-4-3:
Option 1. Our assumption is not one active TCI state for CBM UE, it can have up to 8 active TCI states as legacy. Our assumption is PCell/PSCell and SCell will have or use same beam/TCI state. With this assumption, the PDCCH/PDSCH TCI of the target SCell can be assumed to be same as that for PCell/PSCell. Since UE already know the TCI of PCell or PSCell we think separate TCI indication is not required for SCell.
Issue1-2-4-4:
Option 1 is OK.
Issue1-2-4-5:
We would like to update our proposal.
· Option 1: 3ms + TFirstSSB_MAX + TSMTC_MAX + Trs + THARQ + TFineTiming + 2ms (Ericsson)
Issue1-2-4-6:
We would like to update our proposal.
· Option 1: 3ms + TFirstSSB_MAX + TSMTC_MAX + Trs + THARQ + TFineTiming + 2ms (Ericsson)


	Apple
	Issue1-2-4-1: 
Option 2.
Issue1-2-4-2:
Option 2. When new CC is activated, AGC should be typically reconfigured. 
Issue1-2-4-3:
Option 2. 
Issue1-2-4-4:
Option 1 is OK
Issue1-2-4-5:
Option 2.
Issue1-2-4-6:
Option 2.

	Nokia
	Issue1-2-4-1: UE may need additional Trs reception due to larger RTD
Issue1-2-4-2: UE may need additional Trs reception due to larger RTD
Issue1-2-4-3: option 1 (same argument as in Issue 2-4-3 above)
Issue1-2-4-4: option 1
Issue1-2-4-5: will depend on Issues above



Issue1-2-5: Measurement capabilities
Proposals: 
· Option Proposal 1: Measurement capabilities of clause 3.6.2.1 for FR2 inter-band CA shall be revised to following (Ericsson)
· 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.
· Option 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. (Ericsson)
· Recommended WF
	Company
	Comments

	QualcommXXX
	We don’t quire understand the rationale behind the two proposals.
For Option 1, how does it have anything to do with FR2 DL CA?
For Option 2, as CBM UE’s mobility is effectively dependent on SpCell where BM reference resources should be present, and serving CCs across FR2 inter-bands should be collocated for CBM, we don’t see why the measurement capability should be per band.

	Huawei
	It is out of scope for this WI. We suggest not to discuss it in this WI.

	Ericsson
	We would like to change the options to proposals as they are not really options and different proposals for different issues.
Proposal 1: First of all, we would like to clarify that existing measurement capabilities are not derived for FR2 inter-band CA but they are derived using single FR2 band as we had only one FR2 band in CA/DC in R15
In FR2, passband is very high (in the range of e.g., 2-3GHz). However, max BW per CC in FR2 is 200MHz (400 MHz is optional). With existing measurement capability, UE can support max of 800 MHz per band (assuming existing 8 CC are split between both the bands as 4 each). That means with existing capability, UE could measure only 800 MHz per band out of 2-3 GHz passband possible. 
To effectively utilize the higher passband of FR2, we should increase the number of CC for example to 8 per band so that 1.6GHz can be supported per band.

Proposal 2: Apart from above clarification, One more additional clarification is these capabilities are proposed for IBM and not for CBM.


	Apple
	We agree with the observation. However, this is not related to CBM. We can either treat it in TEI or include new objective (we actually have proposed this as part of R17).




Companies views’ collection for 1st round 
Open issues 
Moderator’s comments: Companies please provide your comments in the tables below each separate sub-topic summary in section 1.2. 
CRs/TPs comments collection
For close-to-finalize Wis and maintenance work, comments collections can be arranged for TPs and CRs. For ongoing Wis, suggest to focus on open issues discussion on 1st round. 
	CR/TP number
	Comments collection

	R4-2118271
	Company A[Nokia]: Come back. CRs are 2nd priority

	
	Company B

	
	Huawei: we suggest to remove the wording of assuming collocated site, and the clarification of performance degradation needs to be added. How to describe the performance degradation depends on the conclusion of sub-topic 1-1.

	R4-2118439
	Company A[Nokia]: Come back. CRs are 2nd priority

	
	Huawei: how to capture the note for CBM UE in MRTD requirements depends on the conclusion of sub-topic 1-1. CBM based FR2 UL inter-band CA is not considered in Rel-17. There is no need to update MTTD requirements.Company B

	
	

	R4-2118440
	[Nokia]: Come back. CRs are 2nd priority

	
	Huawei: for scheduling restriction requirements, please see the comments for issue 1-2-2. For measurement restriction requirements, it depends on the conclusion of issue 1-2-3.

	R4-2118749
	[Nokia]: Come back. CRs are 2nd priority

	
	Huawei: the added wording of this CR seems not for CBM inter-band case.
“When inter-band carrier aggregation in FR2 is performed and if UE is capable of common beam management on this FR2 band pair, the scheduling restrictions due to a given serving cell should also apply to all other serving cells in the same band on the symbols that fully or partially overlap with aforementioned restricted symbols.”
It should be in different band. We suggest to use the wording in Huawei’s CR [R4-2118832].

	R4-2118832
	[Nokia]: Come back. CRs are 2nd priority



Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic #1-1
	Issue 1-1-1: value of X below which performance degradation is NOT allowed expected 
· Views after 1st round discussion:
· Option 1: CP (Apple, OPPO, Nokia)
· Option 2: CP length – UE Rx beam switch time – 2 x DL timing error (Vivo, Intel, Mediatek, Qualcomm, OPPO, Ericsson, Apple, Huawei)
· Option 2a: For 120kHz SCS of active DL BWP, X is 350ns and 368ns for SSB SCS of 120kHz and 240kHz, respectively, based on the following assumptions: (Qualcomm)
· UE Rx beam switch time is 200ns (Qualcomm, MTK)
· DL timing error is 18ns and 9ns for SSB SCS of 120kHz and 240kHz, respectively
· Option 3: CP length – UE Rx beam switch time (Nokia, LG, Huawei, OPPO, Ericsson, Apple)
· UE Rx beam switch time is less than 10ns (Nokia)
· UE Rx beam switch time is 200ns (LG)
· UE Rx beam switch time is 58ns (Ericsson)
· Option 4: Do not need any particular value of X in the standard (Ericsson)
Moderator’s comments: 
As proponent companies of Option 1 and Option 4 can compromise to Option 2 and Option 3, I would like to recommend keeping Option 2 and Option 3 for further discussion in second round. In addition, there are different assumptions on UE Rx beam switch time. Companies are encouraged to comment on the assumed values. 
Candidate options for 2nd round discussion: 
Value of X: 
· Option 2: CP length – UE Rx beam switch time – 2 x DL timing error (Vivo, Intel, Mediatek, Qualcomm, OPPO, Ericsson, Apple, Huawei)
· Option 3: CP length – UE Rx beam switch time (Nokia, LG, Huawei, OPPO, Ericsson, Apple)
Assumed UE Rx beam switch time: 
· Option 1: UE Rx beam switch time is less than 10ns (Nokia)
· Option 2: UE Rx beam switch time is 58ns (Ericsson)
· Option 3: (UE Rx beam switch time + 2 x DL timing error) is 200ns (Huawei)
· Option 4: UE Rx beam switch time is 200ns (Qualcomm, MTK, LG)
DL timing error assumption if Option 2 is preferred: 
· Option 1: DL timing error is 18ns and 9ns for SSB SCS of 120kHz and 240kHz, respectively
Recommendations for 2nd round: Companies are encouraged to provide views on above questions. If there is any agreement in RF session on the UE Rx beam switch time, the reference would be helpful. 

	
	Issue 1-1-2: performance degradation when receive time difference exceeds [X]us
· Views after 1st round discussion:
· Option 1: Adding a note to the corresponding MRTD table as below, wherein the note is formulated as (Vivo, Nokia, Mediatek, LG, OPPO, Apple, Huawei):
· Option 1a: If the receive time difference exceeds [X]us, demodulation performance degradation is expected for the first or the last OFDM symbols of slot in a band where beam management reference resource(s) is not configured. (Vivo, Mediatek, Huawei)
· If both bands are configured with beam management reference resource(s), the demodulation performance degradation is expected for only one of band. (Mediatek)
· Also clarify in the note, if different type-D QCL information are configured for the symbols within one slot, performance degradation is expected on one band for the 1 symbol before UE applying different type-D QCL information and on the symbol that UE applying different type-D QCL information. (Mediatek)
· Option 1b: If the receive time difference exceeds [X]us, demodulation performance degradation is expected for the first OFDM symbol of slot in other CC (Nokia, LG)
· when Rx beam switch is performed in slot boundary in a received CC earlier later (LG)
· Option 1c: If the receive time difference exceeds [X]us, demodulation performance degradation is expected for all the OFDM symbols of the slot in a band where beam management reference resource(s) is not configured. (Vivo, OPPO)
· Option 1d: If the receive time difference exceeds [X]us, demodulation performance degradation with one slot loss per periodicity of RS for beam managements is expected. (Apple)
 Table 7.6.4-2: Maximum receive timing difference requirement for inter-band NR carrier aggregation
	Frequency Range of the pair of carriers
	Maximum receive timing difference (µs) 

	FR1
	33

	FR2
	8 note1

	FR2
	3 note2

	Between FR1 and FR2
	25 

	Note1:	This requirement applies to the UE capable of independent beam management for FR2 inter-band CA.
Note2:	This requirement applies to the UE capable of common beam management for FR2 inter-band CA. If the receive time difference exceeds [X] of that SCS, demodulation performance degradation is expected for [TBD] symbol of the slot in the band where beam management reference resource(s) is not configured, where X is defined in Table 7.6.4.3.



· Option 2: MRTD of 3us for inter-band CA in FR2 under CBM with a scheduling restriction (Intel, Ericsson):
· Option 2a: scheduling restriction is of one symbol either immediately before DL -> UL switch, or immediately after UL -> DL switch in the cell. (Ericsson) 
· Option 2b: Introduce the scheduled gaps for UE to switch its beam. Scheduling restrictions on SCell (or both Pcell and Scell) are applied during beam switching gap (Intel, Ericsson)
· Option 2c: scheduling restriction can happen at any slot (Ericsson)
· Option 3: An interruption up to 1 symbol is allowed for UE Rx beam switching due to TCI state change (Huawei, Qualcomm, Mediatek) 
· Option 3a: An interruption up to 1 symbol is allowed for UE Rx beam switching due to different TCI states are configured nearby OFDM symbols.” (Mediatek)
· Option 4: UE demodulation performance degradation is expected: (Qualcomm, Mediatek)
· UE demodulation performance degradation due to NW driven UE Rx beam switching:
· The first and the last OFDM symbols of a slot in a band where beam management reference resource(s) is not configured, if the UE is configured with different QCL-TypeD sources in consecutive slots.
· If UE is scheduled to apply different beams within a slot, e.g. PDCCH-to-PDSCH, additional performance degradation is expected within the slot
· An interruption of up to 1 symbol is allowed for UE Rx beam switching due to TCI state change
· RAN4 to define UE requirement in terms of how often and/or where the performance degradation is allowed due to UE autonomous Rx beam switching, i.e. to choose between the following options to allow UE demodulation performance degradation due to UE autonomous Rx beam switching:
· Option-1) the last OFDM symbol of a slot immediately before DL-to-UL switch and the first OFDM symbol of a slot immediately after UL-to-DL switch every [Y]ms, FFS on Y.
· Option-2) demodulation performance degradation is allowed in [Y]% of slots over [Z] ms, FFS on Y and Z. (Mediatek)
Moderator’s comments: 
It is now understood the most controversial part is the performance degradation due to UE autonomous Rx beam switching, while for network driven UE Rx beam switch, it seems majority of the companies are fine with adding a note indicating the impact to some symbols. Could we separate the discussion on the network driven UE Rx beam switch (i.e. TCI state change) and UE autonomous beam switch cases? 
Candidate options for 2nd round discussion: 
For the performance degradation due to network driven Rx beam switch i.e. TCI state change, the following options can be further discussed: 
· Option 1: Adding a note to the corresponding MRTD table, wherein the note is formulated as:  
· This requirement applies to the UE capable of common beam management for FR2 inter-band CA. If the receive time difference exceeds [X] of that SCS, demodulation performance degradation is expected for [TBD] symbol of the slot in the band where beam management reference resource(s) is not configured, where X is defined in Table 7.6.4.3.
· [TBD] is ‘the first and/or the last OFDM symbol, or all OFDM symbols’.
· FFS if both bands are configured with beam management reference resource(s), the demodulation performance degradation is expected for only one of band
· FFS if UE is scheduled to apply different beams within a slot, e.g. PDCCH-to-PDSCH, additional performance degradation is expected within the slot
· FFS if an interruption up to 1 symbol is allowed for UE Rx beam switching due to TCI state change or different TCI states are configured nearby OFDM symbols. 
· Option 2: MRTD of 3us for inter-band CA in FR2 under CBM with a scheduling restriction. 
· Option 2a: scheduling restriction is of one symbol either immediately before DL -> UL switch, or immediately after UL -> DL switch in the cell. (Ericsson) 
· Option 2b: Introduce the scheduled gaps for UE to switch its beam. Scheduling restrictions on SCell (or both Pcell and Scell) are applied during beam switching gap (Intel, Ericsson)
· Option 2c: scheduling restriction can happen at any slot (Ericsson)
For the performance degradation due to UE autonomous Rx beam switch, the following options can be further discussed: 
· Option 1: Adding a note to the corresponding MRTD table, wherein the note is formulated as:  
· This requirement applies to the UE capable of common beam management for FR2 inter-band CA. If the receive time difference exceeds [X] of that SCS, demodulation performance degradation is expected for [TBD] symbol of the slot in the band where beam management reference resource(s) is not configured, where X is defined in Table 7.6.4.3.
· [TBD] is ‘the first and/or the last OFDM, or any/all symbols in a slot’.
· FFS if both bands are configured with beam management reference resource(s), the demodulation performance degradation is expected for only one of band
· FFS if UE is scheduled to apply different beams within a slot, e.g. PDCCH-to-PDSCH, additional performance degradation is expected within the slot
· FFS if an interruption up to 1 symbol is allowed for UE Rx beam switching due to different TCI states are configured nearby OFDM symbolsOption 2: MRTD of 3us for inter-band CA in FR2 under CBM with a scheduling restriction. 
· Option 2: MRTD of 3us for inter-band CA in FR2 under CBM with a scheduling restriction. 
· Option 2a: scheduling restriction is of one symbol either immediately before DL -> UL switch, or immediately after UL -> DL switch in the cell. (Ericsson) 
· Option 2b: Introduce the scheduled gaps for UE to switch its beam. Scheduling restrictions on SCell (or both Pcell and Scell) are applied during beam switching gap (Intel, Ericsson)
· Option 2c: scheduling restriction can happen at any slot (Ericsson)
· Option 3: RAN4 to define UE requirement in terms of how often and/or where the performance degradation is allowed due to UE autonomous Rx beam switching, i.e. to choose between the following options to allow UE demodulation performance degradation due to UE autonomous Rx beam switching: 
· Option-1) the last OFDM symbol of a slot immediately before DL-to-UL switch and the first OFDM symbol of a slot immediately after UL-to-DL switch every [Y]ms, FFS on Y.
· Option-2) demodulation performance degradation is allowed in [Y]% of slots over [Z] ms, FFS on Y and Z. 
Recommendations for 2nd round: Companies are encouraged to provide views on above options for Network driven Rx beam switch and UE autonomous Rx beam switch respectively. 

	
	Issue 1-1-3: Solutions to reduce/avoid performance degradation 
· Views after 1st round discussion:
· Option 1: Introduce network scheduled/controlled time instances for UE Rx beam change (Intel, Ericsson)
· If the proposed mechanism is not supported and the receive time difference is equal or higher than X, then the performance degradation can be expected on any symbol of the SCell. (Intel)
· Option 2: Do not define solutions. Rx beam switching is fully controlled by UE (Apple, Vivo, OPPO, Huawei, Mediatek)
· Option 3: Do Rx beam switch in slot boundary in one CC which is received later to reduce performance degradation. (LG)
· Option 4: UE performs autonomous Rx beam switching associated with UL-to-DL switching in order to reducing performance degradation (Huawei, Ericsson)
Moderator’s comments: 
It is understood this issue applies only to UE autonomous Rx beam switch. After 1st round discussion, there are still different views from companies and discussion can be continued in 2nd round. 
Recommendations for 2nd round: Continue the discussion in 2nd round. 

	
	Issue 1-1-4: Impact on RRM performance when receive time difference exceeds [X]us
Moderator’s comments: 
On scheduling restriction, there is consensus understanding that Option 1 has been captured in the agreements in last RAN4 meeting as highlighted below. Therefore, no need to discussion this issue in 2nd round. 
· Agreements in RAN4#100-e meeting: 
· The current scheduling restriction imposed on FR2 intra-band CA should be also applied to CBM-based FR2 inter-band CA. And the MRTD shall be also taken into account in the definition of “the fully or partially overlapped symbols”.
On measurement restriction, Option 2 is addressing the same issue as in Issue 1-2-3 so it is recommended to continue the discussion in Issue 1-2-3. 
Recommendations for 2nd round: This issue is closed. The measurement restriction can be further discussed under Issue 1-2-3. 

	Sub-topic 1-2
	Issue 1-2-1: Interruption requirements
· Views after 1st round discussion:
· Option 1: The existing Rel16 interruption requirements of intra-band CA shall be applied (OPPO, ZTE, Nokia, Huawei, Qualcomm, MTK, Vivo)
· Assuming RTD ≤ X (Nokia, Apple)
· No additional limitation of assuming RTD < X (Huawei)
· Option 2: 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. (Ericsson)
Moderator’s comments: 
All the companies agree that the existing R16 interruption requirements of intra-band CA shall be applied. There are still different views on the condition of RTD and location of interruption. It is recommended to agree on Option 1 and the FFS can be further discussed in 2nd round. 
Tentative agreements: 
· The existing Rel16 interruption requirements of intra-band CA shall be applied for FR2 inter-band CA for CBM UE.
· FFS if assuming RTD ≤ X
· FFS if location of interruption is shifted by 1 OFDM symbol compared to interruption location of intra-band CA
Recommendations for 2nd round: Please raise any concern if the tentative agreement above is not agreeable. And comments regarding to FFS are encouraged in 2nd round.

	
	Issue 1-2-2: Scheduling restriction
· Views after 1st round discussion:
· Option1: Capture the UE scheduling availability requirements based on the assumption that RTD ≤ X (Nokia, Apple)
A UE is capable of common beam management on this FR2 band pair, when inter-band carrier aggregation in FR2 is performed, the scheduling restrictions due to a given serving cell should also apply to all other serving cells in the same band and other band on the symbols that fully or partially overlap with aforementioned restricted symbols

· Option 2: This has already been captured in this wording in the agreement made in RAN4#100 e-meeting (Qualcomm, Ericsson)
Agreements in RAN4#100-e: 
· The current scheduling restriction imposed on FR2 intra-band CA should be also applied to CBM-based FR2 inter-band CA. And the MRTD shall be also taken into account in the definition of “the fully or partially overlapped symbols”.
· Option 3: The scheduling restrictions on serving cells in the same band have already been defined. Hence, it is only need to introduce the scheduling restrictions on different band (Huawei)
When inter-band carrier aggregation in FR2 is performed, the scheduling restrictions due to a given FR2 serving cell should also apply to all serving cells in different band(s) on the symbols that fully or partially overlap with restricted symbols, provided that UE is capable of independent beam management on this FR2 band pair.
Moderator’s comments:  
Option 1 and Option 3 have very similar text proposal which is aligned with the agreement. Could companies comment in 2nd round discussion if the below text proposal is agreeable? 
A UE is capable of common beam management on this FR2 band pair, when inter-band carrier aggregation in FR2 is performed, the scheduling restrictions due to a given serving cell should also apply to all other serving cells in the same band and other band on the symbols that fully or partially overlap with aforementioned restricted symbols
· FFS if the text proposal also applies to RTD > X

Recommendations for 2nd round: Companies are encouraged to check the text proposal above and respond if it is agreeable? And any views if the text proposal can be applied to RTD > X are also welcome.  

	
	Issue 1-2-3: Measurement restriction
· Views after 1st round discussion: 
· Option 1: RAN4 not to define additional measurement restrictions for CBM operation in FR2 inter-band CA, i.e. the existing measurement restriction need to be considered. (OPPO, Huawei, Qualcomm, Ericsson)
· The existing measurement restrictions requirements can be applied for the case that two RS resources for L1 measurements are overlapped on the same CC or different CCs in the same band (Huawei)
· Option 2: RAN4 not to define any measurement restrictions for CBM operation in FR2 inter-band CA (Ericsson)
· Option 3: Measurement restriction requirements need to be defined for CBM capable UE for FR2 inter-band CA scenario. (Mediatek, Nokia, Apple)
· Option 3a: Extend the existing FR2 intra-band CA measurement restriction requirements to the FR2 CBM inter-band CA scenarios. (Mediatek)
· Option 3b: Adding a clarification addressing the measurement restriction requirements when the UE is configured with inter-band CA in FR2. (Nokia)
· Option 3c: If there is no limitation that network only will configure PCC/PSCC for BM (Huawei)
Moderator’s comments: 
As Option 2 is confirmed to be the same as Option 1, so it is removed to avoid any misunderstanding. It is understood the companies hold different views because of the assumption “if the network is allowed to configure beam measurement RS on both bands.” So I formulate the options a bit as below by clarifying the assumption behind. Companies are encouraged to express your views in 2nd round on the following options. 
Here are the agreements from RF session:
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.
In FR2 CA cases, requirements apply when the BM RS is provided in a CC with a configured UL BWP
Candidate options for 2nd round discussion: 
· Option 1: The existing FR2 intra-band CA measurement restriction requirements can be applied for CBM operation in FR2 inter-band CA, assuming network is NOT allowed to configure measurement RS on both bands.
· Option 2: Measurement restriction requirements (on other bands) need to be additionally defined for CBM capable UE for FR2 inter-band CA scenario, assuming network is allowed to configure measurement RS on both bands.
Recommendations for 2nd round: Continue the discussion on the above two reformulated options. 

	
	Issue 1-2-4: SCell activation delay 
· Views after 1st round discussion:
Issue1-2-4-1: Can SSB-ID search latency for coarse timing estimation be skipped ?
· Option 1: Yes if RTD <X and No if RTD > X  (Nokia, Ericsson, Qualcomm)
· Option 2: No (Mediatek, OPPO, ZTE, Huawei, Qualcomm, Vivo, Ericsson, Apple)

Issue1-2-4-2: Can AGC settling time be reduced for UE owing to following AGC settling in Pcell/PSCell?
· Option 1: Yes (Nokia, Huawei, Qualcomm)
· If RTD < X (Nokia)
· If this is about the number of required SSB bursts for coarse and fine AGC
· Option 2: No (Mediatek, OPPO, ZTE, Vivo, Ericsson, Apple)
· If RTD > X (Nokia)

Issue1-2-4-3: Can TCI state indication and CSI reporting can be skipped for both semi-persistent and periodic CSI reporting?
· Option 1: Yes (ZTE, Nokia, Ericsson, Huawei)
· Option 2: No (Mediatek, Qualcomm, Vivo, Apple)
· Option 3: Only TCI state indication can be skipped (Huawei)

Issue1-2-4-4: Need the definition of T_SMTC_MAX in Scell activation requirements be updated
· Option 1: For CBM Inter-band UE, the longer SMTC periodicity between active serving cells and Scell being activated in the bands supported for CBM. (ZTE, Qualcomm, Mediatek, Ericsson, Apple, Nokia, Huawei)

Issue1-2-4-5: Text proposal in case of Semi-persistent CSI-RS is used for CSI reporting, 
· Option 1: 3ms + TFirstSSB_MAX + Trs + THARQ +  TFineTiming + 2ms (Ericsson)
· Option 2: 6ms + TFirstSSB_MAX + TSMTC_MAX + Trs + THARQ + max(Tuncertainty_MAC + TFineTiming + 2ms, Tuncertainty_SP). (Mediatek, Qualcomm, Apple)
· Option 3: 6ms + TFirstSSB_MAX + TSMTC_MAX + X Trs + THARQ + 2ms (Nokia)
· Option 4: 6ms + TFirstSSB_MAX + TSMTC_MAX + 8*Trs  + THARQ + max(TFineTiming + 2ms, Tuncertainty_SP). (Huawei)

Issue1-2-4-6: Text proposal in case of  periodic CSI-RS is used for CSI reporting: 
· Option 1: 3ms + TFirstSSB_MAX + Trs + THARQ +  TFineTiming + 2ms (Ericsson)
· Option 2: 3ms + TFirstSSB_MAX + TSMTC_MAX + Trs + max {(THARQ + Tuncertainty_MAC + 5ms + TFineTiming), (Tuncertainty_RRC + TRRC_delay)}. (Mediatek, Qualcomm, Apple)
· Option 3: 3ms + TFirstSSB_MAX + TSMTC_MAX + X Trs + THARQ + 5ms (Nokia)
· Option 4: 3ms + TFirstSSB_MAX + TSMTC_MAX + 8*Trs + max {(THARQ + 5ms + TFineTiming), (Tuncertainty_RRC + TRRC_delay)}. (Huawei)

Moderator’s comments: 
Majority of the companies do not see the necessity to discuss the requirements for RTD < X and RTD > X separately and provide comments only to later case. More discussion is needed.
There is consensus on updating the definition of T_SMTC_MAX hence this can be agreed. Companies are encouraged to continue the discussion on the open issues in 2nd round. 
Tentative agreements:
· TSMTC_MAX is defined as the longer SMTC periodicity between active serving cells and SCell being activated in the bands supported for CBM
Recommendations for 2nd round: Continue the discussion on open issues.

	
	Issue1-2-5: Measurement capabilities
· Views after 1st round discussion: 
· Proposal 1: Measurement capabilities of clause 3.6.2.1 for FR2 inter-band CA shall be revised to following (Ericsson)
· 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. (Ericsson)
· Proposal 3: This is not related to this WI and can be treated in TEI. (Apple, Qualcomm, Huawei)
Moderator’s comments: 
There are some concerns if the proposals are relevant to this WI. With the clarification from proponent company, it is understood the proposals intend for IBM UE instead of CBM UE. It is recommended to continue the discussion in 2nd round. 
Candidate options in 2nd round:
· Proposal 1: Measurement capabilities of clause 3.6.2.1 for FR2 inter-band CA shall be revised to following (Ericsson)
· 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. (Ericsson)
· Proposal 3: This is not related to this WI and can be treated in TEI. (Apple, Qualcomm, Huawei)
Recommendations for 2nd round: Continue the discussion in 2nd round.



CRs/TPs
Moderator tries to summarize discussion status for 1st round and provides recommendation on CRs/TPs Status update
Note: The tdoc decisions shall be provided in Section 3 and this table is optional in case moderators would like to provide additional information. 
	CR/TP number
	CRs/TPs Status update recommendation  

	R4-2118271
	Postponed

	R4-2118439
	Postponed

	R4-2118440
	Postponed

	R4-2118749
	Postponed

	R4-2118832
	Postponed



Moderators’ comments: 
It is recommended to focus on technical issue discussion in this meeting. In order to facilitate the draftCR discussion in following RAN4 meetings, here is a tentative list of topics where draftCR is expected. Companied are welcome to volunteer on the drafting responsibility to avoid duplication work:   
	Topics
	Volunteering Companies 

	MRTD requirements for CBM capable UEs in FR2 inter-band CA 
	

	Interruption requirements 
	

	Scheduling restriction
	

	Measurement restriction
	

	SCell activation and deactivation delay
	

	RRM requirements for IBM UEs in Inter-band UL CA
	



Discussion on 2nd round (if applicable)
Open issues 
Moderator’s comments: Companies please provide your comments in the tables below each separate sub-topic. 
Issue 1-1-1: value of X below which performance degradation is NOT expected 
Candidate options for 2nd round discussion: 
Value of X: 
· Option 2: CP length – UE Rx beam switch time – 2 x DL timing error (Vivo, Intel, Mediatek, Qualcomm, OPPO, Ericsson, Apple, Huawei)
· Option 3: CP length – UE Rx beam switch time (Nokia, LG, Huawei, OPPO, Ericsson, Apple)
Assumed UE Rx beam switch time: 
· Option 1: UE Rx beam switch time is less than 10ns (Nokia)
· Option 2: UE Rx beam switch time is 58ns (Ericsson)
· Option 3: (UE Rx beam switch time + 2 x DL timing error) is 200ns (Huawei)
· Option 4: UE Rx beam switch time is 200ns (Qualcomm, MTK, LG)
DL timing error assumption if Option 2 is preferred: 
· Option 1: DL timing error is 18ns and 9ns for SSB SCS of 120kHz and 240kHz, respectively
Recommendations for 2nd round: Continue the discussion on above options. Companies are encouraged to provide views on above questions. If there is any agreement in RF session on the UE Rx beam switch time, the reference would be helpful.
	Company
	Comments

	Qualcomm
	Background of our proposal:
In OFDM systems, thanks to CP, UE can advance its Rx FFT starting window if there is an uncertainty that may result in ISI and ICI. One of the contributors to the uncertainty is DL timing estimation error. Here, the amount of error is in theory dependent on the BW of reference signal for timing acquisition which is in this case SSB BW. This principle shall be maintained and nothing should prevent UE from applying this basic ISI/ICI protection mechanism.

Value of X:
We support Option 2.

DL timing error assumption if Option 2 is preferred:
We support Option 1. The DL timing error is derived from 1/(2 x SSB_BW) assuming fine timing is estimated by using DMRS in PBCH

Assumed UE Rx beam switch time:
We propose to leave the discussion to RF session because the issue is not in our (RRM) area of expertise. The best group for the decision is RF.

	Huawei
	We suggest to define the value of X as (CP length – 200ns).

	LG Electronics
	Value of X:
In our understanding, DL timing error is considered to derive MTTD but not MRTD. The value of X is related to MRTD. So we do not need to consider DL timing error. In addition, comparing with MTTD, 2*DLtimingError is added in MTTD, however, option2 subtracts 2*DLtimingError.  It is also unclear to us. 
Assumed UE Rx beam switch time:
It needs to wait RF decision.

	Ericsson
	Value of X:
To make a choice, for value of X, we prefer Option 3: CP length – UE Rx beam switch time.
Assumed UE RX beam switch time:
In ext. 71 GHz WI discussion, in the WF (R4-2107972, Apple) on 60 GHz Time-related issues, we could find following on gNB beam switching time.
“Given multiple companies’ reference to the SI outcome (59 ns) and one company’s comment related to BS output power: RAN4 tentatively agrees [59 ns] with the understanding that the value can be confirmed once open issues related to BS output power are resolved”. 
Based on the gNB beam switching time reference, we think 200 ns for UE RX beam switch time is too high and prefer something close to option 2 (if not exact 59 ns).

	Nokia
	Value of X
We believe we should split into two scenarios:
1) TCI state based Rx beam switch (network controlled)
2) UE autonomous Rx beam switch
For TCI based UE Rx beam switch the UE switch is based on network request and DL signalling. We would like to understand if the 2xDL timing error originates from this? And is this then assuming UE is using separate FFT for each band?
For UE autonomous Rx beam switch this would be based on UE measurements and UE implementation Rx beam control. However, this means that the UE has already received the BM RS and the actual decision regarding performing an Rx beam switch is done later than the actual BM RS reception. Hence, in this case it seems that the additional 2xDL timing error is not needed. However, we are open for further discussion to ensure clear UE requirements.
Based on this we suggest:
1) Value of X for TCI based RX beam switch: Option 2
2) Value of X for UE autonomous RX beam switch: Option 3
Assumed UE Rx beam switch time:
We believe 200ns is to large number to assume for UE RX beam switch. We understand that it is highly dependent on the UE implementation, but we also need to discuss a reasonable delay not including UE BM RS processing and UE internal Rx beam switch decision and other related UE internal delays. This should only be the physical switch. 
This has been discussed earlier in RF session and input from RF session is likely needed.
DL timing error assumption if Option 2 is preferred:
This is related to the discussion on ‘Value of X’. We are fine to allow UE time due to DL timing accuracy, when needed. 

	
	



Issue 1-1-2: performance degradation when receive time difference exceeds [X]us
Candidate options for 2nd round discussion: 
For the performance degradation due to network driven Rx beam switch i.e. TCI state change, the following options can be further discussed: 
· Option 1: Adding a note to the corresponding MRTD table, wherein the note is formulated as:  
· This requirement applies to the UE capable of common beam management for FR2 inter-band CA. If the receive time difference exceeds [X] of that SCS, demodulation performance degradation is expected for [TBD] symbol of the slot in the band where beam management reference resource(s) is not configured, where X is defined in Table 7.6.4.3.
· [TBD] is ‘the first and/or the last OFDM symbol, or all OFDM symbols’.
· FFS if both bands are configured with beam management reference resource(s), the demodulation performance degradation is expected for only one of band
· FFS if UE is scheduled to apply different beams within a slot, e.g. PDCCH-to-PDSCH, additional performance degradation is expected within the slot
· FFS if an interruption up to 1 symbol is allowed for UE Rx beam switching due to TCI state change or different TCI states are configured nearby OFDM symbols. 
· Option 2: MRTD of 3us for inter-band CA in FR2 under CBM with a scheduling restriction. 
· Option 2a: scheduling restriction is of one symbol either immediately before DL -> UL switch, or immediately after UL -> DL switch in the cell. (Ericsson) 
· Option 2b: Introduce the scheduled gaps for UE to switch its beam. Scheduling restrictions on SCell (or both Pcell and Scell) are applied during beam switching gap (Intel, Ericsson)
· Option 2c: scheduling restriction can happen at any slot (Ericsson)
For the performance degradation due to UE autonomous Rx beam switch, the following options can be further discussed: 
· Option 1: Adding a note to the corresponding MRTD table, wherein the note is formulated as:  
· This requirement applies to the UE capable of common beam management for FR2 inter-band CA. If the receive time difference exceeds [X] of that SCS, demodulation performance degradation is expected for [TBD] symbol of the slot in the band where beam management reference resource(s) is not configured, where X is defined in Table 7.6.4.3.
· [TBD] is ‘the first and/or the last OFDM, or any/all symbols in a slot’.
· FFS if both bands are configured with beam management reference resource(s), the demodulation performance degradation is expected for only one of band
· FFS if UE is scheduled to apply different beams within a slot, e.g. PDCCH-to-PDSCH, additional performance degradation is expected within the slot
· FFS if an interruption up to 1 symbol is allowed for UE Rx beam switching due to different TCI states are configured nearby OFDM symbolsOption 2: MRTD of 3us for inter-band CA in FR2 under CBM with a scheduling restriction. 
· Option 2: MRTD of 3us for inter-band CA in FR2 under CBM with a scheduling restriction. 
· Option 2a: scheduling restriction is of one symbol either immediately before DL -> UL switch, or immediately after UL -> DL switch in the cell. (Ericsson) 
· Option 2b: Introduce the scheduled gaps for UE to switch its beam. Scheduling restrictions on SCell (or both Pcell and Scell) are applied during beam switching gap (Intel, Ericsson)
· Option 2c: scheduling restriction can happen at any slot (Ericsson)
· Option 3: RAN4 to define UE requirement in terms of how often and/or where the performance degradation is allowed due to UE autonomous Rx beam switching, i.e. to choose between the following options to allow UE demodulation performance degradation due to UE autonomous Rx beam switching: 
· Option-1) the last OFDM symbol of a slot immediately before DL-to-UL switch and the first OFDM symbol of a slot immediately after UL-to-DL switch every [Y]ms, FFS on Y.
· Option-2) demodulation performance degradation is allowed in [Y]% of slots over [Z] ms, FFS on Y and Z. 
Recommendations for 2nd round: Continue the discussion on above options. Companies are encouraged to provide views on above options for Network driven Rx beam switch and UE autonomous Rx beam switch respectively. 
	Company
	Comments

	Qualcomm
	Thank Moderator for the great summary and re-categorization of the issues/options.

For network driven Rx beam switch:
We support Option 1, and believe this is missing in the first bullet because the whole bullets are about “network driven Rx beam switch”
· This requirement applies to the UE capable of common beam management for FR2 inter-band CA. If the receive time difference exceeds [X] of that SCS, demodulation performance degradation is expected for [TBD] symbol of the slot in the band where beam management reference resource(s) is not configured, where X is defined in Table 7.6.4.3, if the UE is configured with different QCL-TypeD sources in consecutive slots.
For the [TBD] above, it should be ‘the first and/or the last OFDM’. That is because whether the affected symbol is at the beginning or end of the slot is determined by the sign of value [X]. And regarding ‘symbol-level’ vs. ‘slot-level’, ‘symbol-level’ is more accurate and how many symbols will be effectively affected is up to what the first or end symbol is used for.

Option 2 should even have to be considered in the category of “network driven Rx beam switch”. That is because in our understanding the idea of Option 2 is to limit UE autonomous beam switch time to a specific time window.

The following FFS point conflicts with RF session agreements, hence, no discussion is necessary.
“FFS if both bands are configured with beam management reference resource(s), the demodulation performance degradation is expected for only one of band”

For UE autonomous Rx beam switch:
We CANNAT accept any idea of limiting “UE autonomous beam switch time” to a specific time window. WHEN UE needs to adjust its beam is not predictable in a stable manner at all. All those should be left to UE implementation.

We oppose the idea of limiting UE beam switch occasions to a specific time window which may cause another side effect. We don’t believe when and how frequently UE may have to adjust its beam is something that can be predictable/determined in a stable manner. All those should be left to UE implementation. Instead, we can consider limiting HOW OFTEN UE can perform autonomous beam switch to a certain frequency as UE autonomous beam switch will be less likely to happen every slot practically. Therefore, Option 3 is a good compromise between the two camps. If NW wants to get a bit clearer window where the performance degradation can be expected, we can consider the following as Option -3c. (To avoid any confusion between options, we changed the numbering of sub-options under Option 3.

Option-3a) the last OFDM symbol of a slot immediately before DL-to-UL switch and the first OFDM symbol of a slot immediately after UL-to-DL switch every [Y]ms, FFS on Y.
Option-3b) demodulation performance degradation is allowed in [Y]% of slots over [Z] ms, FFS on Y and Z. 
Option-3c) demodulation performance degradation is allowed in [Y]% of slots over [Z] ms, FFS on Y and Z. the performance degradation is “the last OFDM symbol of a slot immediately before DL-to-UL switch or the first OFDM symbol of a slot immediately after UL-to-DL switch”

	Huawei
	For both network driven Rx beam switching and UE autonomous Rx beam switching, we can agree with option 1, to add a note for clarifying the performance degradation. For option 1, the demodulation performance degradation can be expected for one symbol of the slot in the band where beam management reference resource(s) is not configured. There is no need to further clarify whether the Rx beam switching is network driven or UE autonomous.

	Ericsson
	In the current specification, w experience more and more notes of the type “demodulation performance expected if...”.  From NW perspective it is difficult to estimate what would be the demodulation performance impact. This results in inefficient scheduling decisions in some cases. We want to avoid non-quantified/non-deterministic type of notes and prefer a more deterministic approach for scheduling restrictions. 
We believe if a UE defers autonomous switch (wait a few symbols) to a scheduled gap, then impact is minimal.  

For both network driven Rx beam switching and UE autonomous Rx beam switching we prefer more deterministic opportunities for UE RX beam switch. 
Our preference in the priority order (with highest priority first in the order): 

Option 2b: Introduce the scheduled gaps for UE to switch its beam. Scheduling restrictions on SCell (or both PCell and SCell) are applied during beam switching gap. The UE can even indicate its need based on RTD and value of X.
Or
Option 2a: scheduling restriction is of one symbol either immediately before DL -> UL switch, or immediately after UL -> DL switch in the cell. 
Or

Other fixed schedule restriction which give UE opportunity to switch.

	Nokia
	For the performance degradation due to network driven Rx beam switch i.e. TCI state change:
When considering network based UE RX beam switch we are discussing TCI state change. For TCI state change we already have clear UE requirements when considering single band operation. For this case we’re discussing inter-band CA for CBM capable UE. If this case the BM RS is in the band in which the UL BWP is located. Hence, the TCI state change will not impact the band in which the BM RS is located but may impact the band in which the BM RS is not located.
A TCI state change is strictly network controlled and hence network is very well aware when such UE beam change happens – and RAN4 has clear delay requirements for intra-band. For the interband CBM case there may be an impact in the band not containing the BM RS. 
As the TCI state is controlled and not left for UE implementation the UE performance degradation can be well defined and only allowed when a TCI state change is requested and only with limited symbol impact. The impact may – as we see it – be either before the actual TCI state change OR after the TCI state change. But we do not see a need to have loss both before and after the TCI state change.
We propose for TCI state change initiated UE Rx beam change:
Up to 1 symbol impact is allowed for UE Rx beam switching due to TCI state change either immediately before or immediately after the UE Rx beam change in the band not containing the BM RS.

For the performance degradation due to UE autonomous Rx beam switch,
First of all we agree with Qualcomm that for CBM UE is only following the BM RS in the band with UL BWP. This was agreed in RF session in RAN4#100 meeting:
· For core requirements applicability in relation to BMRS location,
· CBM inter-band CA requirements apply per-band with the BMRS configured in any one of the participating bands.
· Introduce side condition for core requirement that BMRS can only be placed on PCC for the DL CA case with a single uplink.
Having considered the different company views in the discussion we recognize the drawback of not having any UE requirements regarding potential performance degradation in case of inter-band CA is configured for CBM capable UE and RTD exceeds threshold X. It is true that the network should be able to recognize from UE feedback when the experiences problems, but in fact it could also lead to that there in this case would be no UE performance requirements at all. Reason being is that network is in fact not aware when RTD exceed X on the UE side.
Hence, we believe some sort of UE performance degradation might need to be defined to ensure proper performance. 
Exactly how to define such UE performance degradation and how to limit it to when RTD exceeds X, need more discussion. Several options have been proposed by companies: scheduled gaps, Max %age loss etc. 
Our view here is that it need to balance between UE autonomous beam switch while not allowing general performance degradation for a CBM UE configured with inter-band CA.
We do recognize the potential drawback in limiting the UE autonomous Rx beam switch – however, there is of course also a major impact on overall system performance if there are no UE requirements (as it is not known when RTD is above or below X). We are open to discuss potential solutions

	MTK
	For network driven Rx beam switch:
We support Option 1

For UE autonomous Rx beam switch:
Fine with Option 1 and Option 3. We oppose to limit UE RX switching on certain specific time, e.g. scheduled gap.

	Apple
	Per discussed in GTW, we should keep both Rx beam switch due to TCI change and non-TCI change. For TCI change driven Rx beam switching, the related impact can be in symbol level. However, for non-TCO change driven Rx beam switching, the impact should be on the whole slot. 


Issue 1-1-3: Solutions to reduce/avoid performance degradation 
Candidate options for 2nd round discussion: 
· Option 1: Introduce network scheduled/controlled time instances for UE Rx beam change (Intel, Ericsson)
· If the proposed mechanism is not supported and the receive time difference is equal or higher than X, then the performance degradation can be expected on any symbol of the SCell. (Intel)
· Option 2: Do not define solutions. Rx beam switching is fully controlled by UE (Apple, Vivo, OPPO, Huawei, Mediatek)
· Option 3: Do Rx beam switch in slot boundary in one CC which is received later to reduce performance degradation. (LG)
· Option 4: UE performs autonomous Rx beam switching associated with UL-to-DL switching in order to reducing performance degradation (Huawei, Ericsson)
Recommendations for 2nd round: Continue the discussion in 2nd round.
	Company
	Comments

	Qualcomm
	Support Option 2.
We CANNAT accept any idea of limiting “UE autonomous beam switch time” to a specific time window. WHEN UE needs to adjust its beam is not predictable in a stable manner at all. All those should be left to UE implementation.

	Huawei
	Option 2 is fine for us.

	LG Electronics
	Rx beam switching is up to UE implementation. However, there is a way to reduce performance degradation. So we support option 3. 

	Ericsson
	Be believe performance degradation can be reduced by deferring UE autonomous switch (wait a few symbols) to a scheduled gap.
One of such solutions can be 
Even if a UE rotates 2 revolutions per second, the beam steering impact of deferring, even e full slot is minimal: (360 degrees / 0.5 seconds) * 0.25e-3 (slot) ≈ 0.2 degrees. An impact of 0.2 degrees may not matter much.

	Nokia
	Originally, we would be able to agree on having a note in the table stating that UE impact may happen for the situation where RTD exceeds X. However, based on the companies views we also recognize that only having such note would make it difficult to test whether performance impact is due to RTD being above X or not.
However, we also see that limiting the UE autonomous Rx beam switching could have negative impact on the UE and system performance in general. Hence, it needs to be carefully evaluated how to address the UE autonomous Rx beam switching limitation in order to address the system impact. If it would be possible to find a balanced solution.
Hence, we support discussing this for inter-band CBM scenario when RTD exceeds X.

	Apple
	Option 2. It is critical to leave Rx beam switching at UE’s decision, where many performance enhancements are based on. 



Issue 1-2-1: Interruption requirements
Tentative agreements: 
· The existing Rel16 interruption requirements of intra-band CA shall be applied for FR2 inter-band CA for CBM UE.
· FFS if assuming RTD ≤ X
· FFS if location of interruption is shifted by 1 OFDM symbol compared to interruption location of intra-band CA
Recommendations for 2nd round: Please raise any concern if the tentative agreement above is not agreeable. And continue the discussion on FFSs in 2nd round.
	Company
	Comments

	Qualcomm
	We understand what the second FFS wants to address, however, also find it a bit difficult to judge whether we can agree to the idea until we see the full text proposal. Note that interruption requirements are typically specified in slot-level and victim cell in the current spec.

	Huawei
	We can agree with that the existing Rel-16 interruption requirements of intra-band CA shall be applied for FR2 inter-band CA for CBM UE. 
There is no need to assume RTD<X. The value of X is used for determining whether performance degradation is expected. The interruption requirements for CBM UE shall be applied when MRTD=3us. 
The interruption length for intra-band CA is longer than SMTC duration, which can cover 3us timing misalignment between inter-band CCs. So, 1 OFDM symbol shift for interruption location is not needed.

	Ericsson
	We agree with Huawei that there is no need to assume RTD<X.

We think existing interruption requirements like interruption length are rounded off to slot level and greater than SMTC duration. Therefore, even though one additional symbol length shift can be expected, it could be well within the existing interruption length. Hence, we could directly re-use existing interruption requirement. 

	Nokia
	Support the tentative agreement in general. The FFS parts need more discussion. Our understanding is that the first FFS bullet was to address the requirement assuming RTD would be below threshold X and discuss further the impact when the RTD exceeded threshold X – which our understanding of second bullet. 

	Apple
	We are OK with moderator’s proposal. When RTD<X, it is reasonable to reuse intra-band CA interruption requirements. However, when RTD>X, the impact will be extended by one symbol. However, the impacted one symbol may also impact on the receiption of the other symbols in the same slot. FFS is needed.



Issue 1-2-2: Scheduling restriction
Agreements in RAN4#100-e: 
· The current scheduling restriction imposed on FR2 intra-band CA should be also applied to CBM-based FR2 inter-band CA. And the MRTD shall be also taken into account in the definition of “the fully or partially overlapped symbols”.
Candidate options for 2nd round discussion:
For aA UE is capable of common beam management on this FR2 band pair, when inter-band carrier aggregation in FR2 is performed, the scheduling restrictions due to a given serving cell should also apply to all other serving cells in the same band and other band on the symbols that fully or partially overlap with aforementioned restricted symbols
· FFS if the text proposal also applies to RTD > X
Recommendations for 2nd round: Please check if above text proposal (with some editorial change) is agreeable. And continue the discussion on FFS in 2nd round.
	Company
	Comments

	Qualcomm
	Okay with the wording, however, FFS bullet about “RTD > X” seems to conflict with “fully or partially overlap” because the wording in the main paragraph already says the scheduling restriction applies to “symbols fully or partially overlapping”. We don’t think the bullet with FFS needs to be discussed separately.

	Huawei
	Since the scheduling restrictions on other serving cells in the same band has been captured in current spec, we suggest only to add the scheduling restrictions on all the serving cells in different band for CBM UE and use the wording “provided that UE is capable of common beam management on this FR2 band pair” to align with the scheduling restrictions for IBM.

	Ericsson
	We are ok with the wording. We agree with QC regarding the RTD>X bullet. 

	MTK
	Fine with the FFS .. RTD > X

	Nokia
	To clarify and address Qualcomm comment:
The TP is based on the agreement in RAN4#100 and using the existing requirement related intra-band scheduling restrictions e.g. 9.2.5.3.3:
When intra-band carrier aggregation in FR2 is performed, the scheduling restrictions due to a given serving cell should also apply to all other serving cells in the same band on the symbols that fully or partially overlap with aforementioned restricted symbols
This is applicable for intra-band. When RTD ≤ X we assumed the same requirements would be applicable for FR2 inter-band CA CBM according to agreement – only clarifying that it applies for FR2 inter-band CA CBM case.
For the scenario when RTD > X assume that one more symbol may be impacted? Or can the FFS part be removed?

	Apple
	We are OK with the moderator’s proposal and also agree with Huawei’s comments. 



Issue 1-2-3: Measurement restriction
Agreements from RF session:
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.
In FR2 CA cases, requirements apply when the BM RS is provided in a CC with a configured UL BWP
Candidate options for 2nd round discussion: 
· Option 1: The existing FR2 intra-band CA measurement restriction requirements can be applied for CBM operation in FR2 inter-band CA, assuming network is NOT allowed to configure measurement RS on both bands.
· Option 2: Measurement restriction requirements (on other bands) need to be additionally defined for CBM capable UE for FR2 inter-band CA scenario, assuming network is allowed to configure measurement RS on both bands.
Recommendations for 2nd round: Check if the above reformulated options are agreeable and continue the discussion in 2nd round.
	Company
	Comments

	Qualcomm
	Support Option 1. 
As CBM based FR2 CA doesn’t support UL CA at least in Rel-17, the agreements made in RF session effectively mean BM reference resource(s) can be configured only on the same band as SpCell.

	Huawei
	We prefer option 1, which is aligned with the agreements in RF session.

	Ericsson
	Support option 1 based on RF session agreement that BM RS can be configured only one cell. 

	MTK
	Support Option 2. The RF session agreement would not prohibit network to configure measurement RS on both bands. 
We need to clarify if the common understanding is to prohibit network to configure measurement RS on both bands? Or does it prohibit UE to use RSs on 2 bands if RSs are provided.
If it is the common understanding, we could clarify it is spec such as “UE supported CBM is not required to perform RLM, BFD, CBD, L1-RSRP measurements on more than one band” .

	Nokia
	Our understanding of the RF decision is that BM RS is only available in one of the bands and the band in which UL BWP is configured.
We support Option 1.

	Apple
	Option 2 looks more reasonable. Measurement restriction is not limited to BMRS. Even for intra-band CA, it is possible RS for L1-RSRP can be configured on multiple CC. There is no reason to preclude such scenario in inter-band case.



Issue 1-2-4: SCell activation delay 
Candidate options for 2nd round discussion: 
Issue1-2-4-1: Can SSB-ID search latency for coarse timing estimation be skipped ?
· Option 1: Yes if RTD <X and No if RTD > X  (Nokia, Ericsson, Qualcomm)
· Option 2: No (Mediatek, OPPO, ZTE, Huawei, Qualcomm, Vivo, Ericsson, Apple)

Issue1-2-4-2: Can AGC settling time be reduced for UE owing to following AGC settling in Pcell/PSCell?
· Option 1: Yes (Nokia, Huawei, Qualcomm)
· If RTD < X (Nokia)
· If this is about the number of required SSB bursts for coarse and fine AGC
· Option 2: No (Mediatek, OPPO, ZTE, Vivo, Ericsson, Apple)
· If RTD > X (Nokia)

Issue1-2-4-3: Can TCI state indication and CSI reporting can be skipped for both semi-persistent and periodic CSI reporting?
· Option 1: Yes (ZTE, Nokia, Ericsson, Huawei)
· Option 2: No (Mediatek, Qualcomm, Vivo, Apple)
· Option 3: Only TCI state indication can be skipped (Huawei)

Issue1-2-4-4: Need the definition of T_SMTC_MAX in Scell activation requirements be updated
· Option 1: For CBM Inter-band UE, the longer SMTC periodicity between active serving cells and Scell being activated in the bands supported for CBM. (ZTE, Qualcomm, Mediatek, Ericsson, Apple, Nokia, Huawei)

Issue1-2-4-5: Text proposal in case of Semi-persistent CSI-RS is used for CSI reporting, 
· Option 1: 3ms + TFirstSSB_MAX + TSMTC_MAX + Trs + THARQ +  TFineTiming + 2ms (Ericsson)
· Option 2: 6ms + TFirstSSB_MAX + TSMTC_MAX + Trs + THARQ + max(Tuncertainty_MAC + TFineTiming + 2ms, Tuncertainty_SP). (Mediatek, Qualcomm, Apple)
· Option 3: 6ms + TFirstSSB_MAX + TSMTC_MAX + X Trs + THARQ + 2ms (Nokia)
· Option 4: 6ms + TFirstSSB_MAX + TSMTC_MAX + 8*Trs  + THARQ + max(TFineTiming + 2ms, Tuncertainty_SP). (Huawei)

Issue1-2-4-6: Text proposal in case of  periodic CSI-RS is used for CSI reporting: 
· Option 1: 3ms + TFirstSSB_MAX + TSMTC_MAX + Trs + THARQ +  TFineTiming + 2ms (Ericsson)
· Option 2: 3ms + TFirstSSB_MAX + TSMTC_MAX + Trs + max {(THARQ + Tuncertainty_MAC + 5ms + TFineTiming), (Tuncertainty_RRC + TRRC_delay)}. (Mediatek, Qualcomm, Apple)
· Option 3: 3ms + TFirstSSB_MAX + TSMTC_MAX + X Trs + THARQ + 5ms (Nokia)
· Option 4: 3ms + TFirstSSB_MAX + TSMTC_MAX + 8*Trs + max {(THARQ + 5ms + TFineTiming), (Tuncertainty_RRC + TRRC_delay)}. (Huawei)
Tentative agreements:
· TSMTC_MAX is defined as the longer SMTC periodicity between active serving cells and SCell being activated in the bands supported for CBM
Recommendations for 2nd round: Please raise any concern if the tentative agreement above is not agreeable and continue the discussion on open issues.
	Company
	Comments

	Qualcomm
	Support Tentative agreements.

Issue1-2-4-1: 
Option 2. 3us RTD is way larger than CP length.

Issue1-2-4-2: 
Option 1, if ‘reducing AGC settling time’ is about “the number of required SSB bursts for AGC due to Rx beam sweeping”, i.e. from 8 to 1.

Issue1-2-4-3:
Option 1 seems to be based on the assumption that SpCell and SCells will use the same beam. We’re still not sure if the assumption would be still valid when UE has multiple active TCI states on SpCell. Besides, from signalling perspective, each CC will have its own TCI configurations even if they are associated with reference signalling in one particular band. The assumption seems to imply UE has to figure are TCI relations across CCs and Bands, and trace back to root of those TCI chains, then find which TCI state on the to-be-activated SCell can be assumed. We understand where Option 1 is coming from, but this is to us just a very high-level concept, and the UE implementation and spec structure may not be that straightforward.

Issue1-2-4-5:
Option 2.

Issue1-2-4-6:
Option 2.

	Huawei
	Issue1-2-4-1: option 2.
Considering 3us MRTD, cell search latency cannot be skipped.
Issue1-2-4-2: option 1.
AGC settling time can be reduced but not skipped. The existing AGC settling time is defined as (TFirstSSB_MAX + 15*TSMTC_MAX), which consider beam sweeping operation. It can be reduced to (TFirstSSB_MAX + TSMTC_MAX) since FR2 PCell/PSCell beam informantion can be reused and beam sweeping operation is not considered.
Issue1-2-4-3: we prefer option 3, but we can accept option 2.
Tuncertainty_MAC is the uncertainty in acquiring the first available activation command for PDCCH TCI, PDSCH TCI. If it is assumed that SCell can have different TCI with PCell/PSCell, then Tuncertainty_MAC cannot be skipped. If it is assumed that SCell has same TCI with PCell/PSCell, then Tuncertainty_MAC can be skipped.
Issue1-2-4-4: Support option 1
Issue1-2-4-5/6: It depends on the conclusion of issues 1-2-4-1/2/3/4.

	Ericsson
	Issue1-2-4-1: Can SSB-ID search latency for coarse timing estimation be skipped ?
Option 2. 

Issue1-2-4-2: Can AGC settling time be reduced for UE owing to following AGC settling in PCell/PSCell?
We are ok with option 1

Issue1-2-4-3: Can TCI state indication and CSI reporting can be skipped for both semi-persistent and periodic CSI reporting?
To move forward, can we define requirements for both cases 
· SCell have same TCI with PCell/PSCell (TCI indication is not needed, hence uncertainty mac is not needed)
· SCell have different TCI with PCell/PSCell (TCI indication is needed, hence uncertainty mac is needed)

Issue1-2-4-4: Need the definition of T_SMTC_MAX in Scell activation requirements be updated
Support option 1. 

Issue1-2-4-5: Text proposal in case of Semi-persistent CSI-RS is used for CSI reporting, 
· Option 1 if same TCI is assumed
· Option2 if different TCI is assumed

Issue1-2-4-6: Text proposal in case of  periodic CSI-RS is used for CSI reporting: 
· Option 1 if same TCI is assumed
· Option2 if different TCI is assumed


	MTK
	Issue1-2-4-1: 
Option 2. 

Issue1-2-4-2: 
Option 2, the bands could be far away. Fine to reducing number to skip RX beam sweeping but not skip all.

Issue1-2-4-3:
Option 2. Even with different requirement, Option 1 still introduced new UE behaviour in the same TCI case. 

Issue1-2-4-5:
Option 2.

Issue1-2-4-6:
Option 2.

	Nokia
	Issue 2-4-1: Based on the initial round of discussion we can agree to option 2.
Issue 2-4-2: Option 1. Our understanding it is addressing reducing the number of SSB needed.
Issue 2-4-3: Our understanding is that BM RS is only available in one of the bands and the band in which UL BWP is configured. Hence, it is not clear why TCI state indication is needed. But maybe it would be good to distinguish SCell in band with BM RS and SCell in band without BM RS. Beam steering is based on the BM RS in one band.
Issue 2-4-5: option 3 still but needs further discussion based on above issues
Issue 2-4-6: option 3 still but needs further discussion based on above issues
Tentative agreement - isn’t it already defined:
TSMTC_MAX:
In FR2, in case of intra-band SCell activation, 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; in case of FR2 inter-band SCell activation, TSMTC_MAX is the SMTC periodicity of SCell being activated

	Apple
	OK with the proposed tentative agreement on T_SMTC_MAX
For the rest of issues, we keep the same view as the 1st round. 



Issue1-2-5: Measurement capabilities
Candidate options in 2nd round:
· Proposal 1: Measurement capabilities of clause 3.6.2.1 for FR2 inter-band CA shall be revised to following (Ericsson)
· 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. (Ericsson)
· Proposal 3: This is not related to this WI and can be treated in TEI. (Apple, Qualcomm, Huawei)
Recommendations for 2nd round: Continue the discussion in 2nd round.
	Company
	Comments

	Huawei
	Support proposal 3.

	Ericsson
	Apart from the first-round comments, few additional comments are:
FR2 inter-band DL CA IBM requirements are defined in Rel-16. RAN4 should have discussed and defined measurement capabilities in Rel-16. Some how we missed this in Rel-16. We should at least define this in Rel-17 as IBM scope is still there in Rel-17 WID also. 

	Nokia
	When Rel-15 FR2 measurement capabilities were defined it was under the assumption of only supporting intra-band CA in FR2. Rel-16 introduced FR2 inter-band CA (IBM) and in Rel-17 FR inter-band (CBM) and UL CA for IBM capable UEs are introduced.
Hence, we think the proposal of discussing the UE measurement capability is reasonable considering that RAN4 has already agreed to introduce inter-band CA.
However, we propose to discuss this already within Rel-16 timeframe – at least for DL. We can then discuss increase of supported UL carriers from Rel-17 as RAN4 only introduced FR2 inter-band UL CA from Rel-17. 
P1: Agree on the principle, but as mentioned we need to list that it applies to UEs supporting FR2 inter-band DL CA (from Rel-16) and FR2 inter-band UL CA (from Rel-17).
P2: We agree that it would be good to clarify although one can argue that ‘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’ is not limiting to 1 band only but apply per band for UE capable of inter-band CA.
P3: This is relevant for this WI. Rel-15 was developed based on 1 FR2 intra-band assumption. Now RAN4 has already defined FR2 inter-band DL CA requirements from Rel-16 and FR2 inter-band UL CA from Rel-17. Hence, clarifying the UE measurement capability is a natural part of defining the FR2 inter-band CA work.

	Apple
	This issue may not be just simply extending to a larger number of CC. we need to investigate the related delay which is propotional to the number of CC. We propose to include this as one of objectives in R18. 



CRs/TPs comments collection
Moderator tries to summarize discussion status for 1st round and provides recommendation on CRs/TPs Status update
Note: The tdoc decisions shall be provided in Section 3 and this table is optional in case moderators would like to provide additional information. 
Moderators’ comments: 
It is recommended to focus on technical issue discussion in this meeting. In order to facilitate the draftCR discussion in following RAN4 meetings, here is a tentative list of topics where draftCR is expected. Companied are welcome to volunteer on the drafting responsibility to avoid duplication work (this will be handled in email discussion)   
	Topics
	Volunteering Companies 

	MRTD requirements for CBM capable UEs in FR2 inter-band CA 
	Nokia

	Interruption requirements 
	Huawei

	Scheduling restriction
	

	Measurement restriction
	

	SCell activation and deactivation delay
	

	RRM requirements for IBM UEs in Inter-band UL CA
	



Summary for 2nd round 
Open issues 
Moderator tries to summarize discussion status for 2nd round, list all the identified open issues and tentative agreements or candidate options and suggestion for next meeting i.e. WF assignment.
	
	Status summary 

	Sub-topic #1-1
	Issue 1-1-1: value of X below which performance degradation is NOT expected 
Moderator’s comments: This issue was discussed in GTW with following (tentative) agreements. 
Issue 1-1-1A: Value of X: 
· Agreements on GTW (Nov. 9):
· X = CP length – UE Rx beam switch time – 2 x DL timing error

Issue 1-1-1B: Assumed UE Rx beam switch time:
Candidate options: 
· Option 1: UE Rx beam switch time is less than 10ns (Nokia)
· Option 2: UE Rx beam switch time is 58ns (Ericsson)
· Option 3: (UE Rx beam switch time + 2 x DL timing error) is 200ns (Huawei)
· Option 4: UE Rx beam switch time is 200ns (Qualcomm, MTK, LG)
· Agreements on GTW (Nov. 9):
· Session chair: Further get feedback from the RF session on UE Rx beam switch time for FR2-1.

Issue 1-1-1C: DL timing error assumption if Option 2 is preferred for 1-1-1A
· Agreements on GTW (Nov.9):
· “DL timing error” is 18ns and 9ns for SSB SCS of 120kHz and 240kHz, respectively

Recommendations: This issue will be listed as one issue to be discussed in RF session. Companies are encouraged to provide views on the assumed value of UE Rx beam switch time.  

	
	Issue 1-1-2: performance degradation when receive time difference exceeds [X]us
Moderator’s comments: This issue was discussed in GTW and agreed to discuss the performance degradation for the network driven Rx beam switch and UE autonomous beam switch cases. In 2nd round discussion, companies made some clarification on the options but could not reach any consensus. 
· Tentative agreements on GTW (Nov.9)
· Performance degradation and solutions when receive time difference exceeds [X] is FFS for the following 2 cases 
· Case 1: network driven Rx beam switch i.e. TCI state change
· Case 2: UE autonomous Rx beam switch
Candidate Options: 
For the performance degradation due to network driven Rx beam switch i.e. TCI state change, the following options can be further discussed: 
· Option 1: Adding a note to the corresponding MRTD table, wherein the note is formulated as (Qualcomm, Nokia, MTK, Huawei):  
· Option 1a: This requirement applies to the UE capable of common beam management for FR2 inter-band CA. If the receive time difference exceeds [X] of that SCS, demodulation performance degradation is expected for [TBD] symbol of the slot in the band where beam management reference resource(s) is not configured, where X is defined in Table 7.6.4.3.
· Option 1b: This requirement applies to the UE capable of common beam management for FR2 inter-band CA. If the receive time difference exceeds [X] of that SCS, demodulation performance degradation is expected for [TBD] symbol of the slot in the band where beam management reference resource(s) is not configured, where X is defined in Table 7.6.4.3, if the UE is configured with different QCL-TypeD sources in consecutive slots.
· [TBD] is ‘the first or the last OFDM symbol, or all OFDM symbols’.
· FFS if UE is scheduled to apply different beams within a slot, e.g. PDCCH-to-PDSCH, additional performance degradation is expected within the slot
· FFS if an interruption up to 1 symbol is allowed for UE Rx beam switching due to TCI state change or different TCI states are configured nearby OFDM symbols. 
· Option 2: MRTD of 3us for inter-band CA in FR2 under CBM with a scheduling restriction (Ericsson). 
· Option 2a: scheduling restriction is of one symbol either immediately before DL -> UL switch, or immediately after UL -> DL switch in the cell. (Ericsson) 
· Option 2b: Introduce the scheduled gaps for UE to switch its beam. Scheduling restrictions on SCell (or both Pcell and Scell) are applied during beam switching gap (Intel, Ericsson)
· Option 2c: scheduling restriction can happen at any slot (Ericsson)
For the performance degradation due to UE autonomous Rx beam switch, the following options can be further discussed: 
· Option 1: Adding a note to the corresponding MRTD table, wherein the note is formulated as (MTK, Huawei):  
· This requirement applies to the UE capable of common beam management for FR2 inter-band CA. If the receive time difference exceeds [X] of that SCS, demodulation performance degradation is expected for [TBD] symbol of the slot in the band where beam management reference resource(s) is not configured, where X is defined in Table 7.6.4.3.
· [TBD] is ‘the first or the last OFDM, or any/all symbols in a slot’.
· FFS if UE is scheduled to apply different beams within a slot, e.g. PDCCH-to-PDSCH, additional performance degradation is expected within the slot
· FFS if an interruption up to 1 symbol is allowed for UE Rx beam switching due to different TCI states are configured nearby OFDM symbolsOption 2: MRTD of 3us for inter-band CA in FR2 under CBM with a scheduling restriction. 
· Option 2: MRTD of 3us for inter-band CA in FR2 under CBM with a scheduling restriction (Ericsson). 
· Option 2a: scheduling restriction is of one symbol either immediately before DL -> UL switch, or immediately after UL -> DL switch in the cell. (Ericsson) 
· Option 2b: Introduce the scheduled gaps for UE to switch its beam. Scheduling restrictions on SCell (or both Pcell and Scell) are applied during beam switching gap (Intel, Ericsson)
· Option 2c: scheduling restriction can happen at any slot (Ericsson)
· Option 3: RAN4 to define UE requirement in terms of how often and/or where the performance degradation is allowed due to UE autonomous Rx beam switching, i.e. to choose between the following options to allow UE demodulation performance degradation due to UE autonomous Rx beam switching (Qualcomm, MTK): 
· Option-3a) the last OFDM symbol of a slot immediately before DL-to-UL switch and the first OFDM symbol of a slot immediately after UL-to-DL switch every [Y]ms, FFS on Y.
· Option-3b) demodulation performance degradation is allowed in [Y]% of slots over [Z] ms, FFS on Y and Z. 
· Option-3c) demodulation performance degradation is allowed in [Y]% of slots over [Z] ms, FFS on Y and Z. the performance degradation is “the last OFDM symbol of a slot immediately before DL-to-UL switch or the first OFDM symbol of a slot immediately after UL-to-DL switch”
Recommendations: Companies are encouraged to provide views on above options for Network driven Rx beam switch i.e. TCI state change and UE autonomous Rx beam switch respectively. 

	
	Issue 1-1-3: Solutions to reduce/avoid performance degradation 
Moderator’s comments: There is no consensus during 2nd round discussion. 
Candidate options: 
· Option 1: Introduce network scheduled/controlled time instances for UE Rx beam change (Intel, Ericsson)
· If the proposed mechanism is not supported and the receive time difference is equal or higher than X, then the performance degradation can be expected on any symbol of the SCell. (Intel)
· Option 2: Do not define solutions. Rx beam switching is fully controlled by UE (Apple, Vivo, OPPO, Huawei, Mediatek, Qualcomm)
· Option 3: Do Rx beam switch in slot boundary in one CC which is received later to reduce performance degradation. (LG)
· Option 4: UE performs autonomous Rx beam switching associated with UL-to-DL switching in order to reducing performance degradation (Huawei, Ericsson)
Recommendations for 2nd round: Continue the discussion in next meeting. 

	Sub-topic 1-2
	Issue 1-2-1: Interruption requirements
Moderator’s comments: 
During 2nd round discussion, all the companies agree that the existing R16 interruption requirements of intra-band CA shall be applied. There are still different views on the condition of RTD and location of interruption. It is suggested to agree on the main bullet and keep the FFS sub-bullets open.
Agreements: 
· The existing Rel16 interruption requirements of intra-band CA shall be applied for FR2 inter-band CA for CBM UE.
· FFS if assuming RTD ≤ X
· FFS if location of interruption is shifted by 1 OFDM symbol compared to interruption location of intra-band CA
Recommendations: Continue the discussion on FFSs. 

	
	Issue 1-2-2: Scheduling restriction
Moderator’s comments:  
All companies can agree to the text proposal below, but have different views if the text proposal is applied to all MRTD range or is only valid for RTD < X. So FFS sentence is reformulated a bit to avoid any implication on the applicability. 
Agreements in RAN4#100-e: 
· The current scheduling restriction imposed on FR2 intra-band CA should be also applied to CBM-based FR2 inter-band CA. And the MRTD shall be also taken into account in the definition of “the fully or partially overlapped symbols”.
Agreements:
For a UE capable of common beam management on this FR2 band pair, when inter-band carrier aggregation in FR2 is performed, the scheduling restrictions due to a given serving cell should also apply to all other serving cells in the same band and other band on the symbols that fully or partially overlap with aforementioned restricted symbols
· FFS if the text proposal applies to both RTD < X and RTD>X

Recommendations: Continue the discussion on the applicability relevant to RTD.  

	
	Issue 1-2-3: Measurement restriction
Moderator’s comments: 
There is no consensus on this issue, hence the two options are both listed for further discussion. 
Here are the agreements from RF session:
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.
In FR2 CA cases, requirements apply when the BM RS is provided in a CC with a configured UL BWP
Candidate options: 
· Option 1: The existing FR2 intra-band CA measurement restriction requirements can be applied for CBM operation in FR2 inter-band CA, assuming network is NOT allowed to configure measurement RS on both bands (Qualcomm, Huawei, Ericsson, Nokia).
· Option 2: Measurement restriction requirements (on other bands) need to be additionally defined for CBM capable UE for FR2 inter-band CA scenario, assuming network is allowed to configure measurement RS on both bands. (MTK, Apple)
Recommendations for 2nd round: Continue the discussion on the above two reformulated options. 

	
	Issue 1-2-4: SCell activation delay 
Moderator’s comments: 
All the companies agree with the tentative agreement. In addition, there is consensus on Option 2 of Issue 1-2-4-1. So Issue 1-2-4-1 is closed and Option 2 is added to agreements. Other issues are still open for further discussion. 
Issue1-2-4-1: Can SSB-ID search latency for coarse timing estimation be skipped ?
· Option 1: Yes if RTD <X and No if RTD > X  
· Option 2: No
Candidate options: 
Issue1-2-4-2: Can AGC settling time be reduced for UE owing to following AGC settling in Pcell/PSCell?
· Option 1: Yes (Nokia, Huawei, Qualcomm)
· If RTD < X (Nokia)
· If this is about the number of required SSB bursts for coarse and fine AGC
· Option 2: No (Mediatek, OPPO, ZTE, Vivo, Ericsson, Apple)
· If RTD > X (Nokia)

Issue1-2-4-3: Can TCI state indication and CSI reporting can be skipped for both semi-persistent and periodic CSI reporting?
· Option 1: Yes (ZTE, Nokia, Ericsson)
· Option 2: No (Mediatek, Qualcomm, Vivo, Apple)
· Option 3: Only TCI state indication can be skipped (Huawei)
· Option 4: consider defining requirements for following cases
· SCell have same TCI with PCell/PSCell (TCI indication is not needed, hence uncertainty mac is not needed)
· SCell have different TCI with PCell/PSCell (TCI indication is needed, hence uncertainty mac is needed)

Issue1-2-4-5: Text proposal in case of Semi-persistent CSI-RS is used for CSI reporting, 
· Option 1: 3ms + TFirstSSB_MAX + TSMTC_MAX + Trs + THARQ +  TFineTiming + 2ms (Ericsson)
· Option 2: 6ms + TFirstSSB_MAX + TSMTC_MAX + Trs + THARQ + max(Tuncertainty_MAC + TFineTiming + 2ms, Tuncertainty_SP). (Mediatek, Qualcomm, Apple)
· Option 3: 6ms + TFirstSSB_MAX + TSMTC_MAX + X Trs + THARQ + 2ms (Nokia)
· Option 4: 6ms + TFirstSSB_MAX + TSMTC_MAX + 8*Trs  + THARQ + max(TFineTiming + 2ms, Tuncertainty_SP). (Huawei)

Issue1-2-4-6: Text proposal in case of  periodic CSI-RS is used for CSI reporting: 
· Option 1: 3ms + TFirstSSB_MAX + TSMTC_MAX + Trs + THARQ +  TFineTiming + 2ms (Ericsson)
· Option 2: 3ms + TFirstSSB_MAX + TSMTC_MAX + Trs + max {(THARQ + Tuncertainty_MAC + 5ms + TFineTiming), (Tuncertainty_RRC + TRRC_delay)}. (Mediatek, Qualcomm, Apple)
· Option 3: 3ms + TFirstSSB_MAX + TSMTC_MAX + X Trs + THARQ + 5ms (Nokia)
· Option 4: 3ms + TFirstSSB_MAX + TSMTC_MAX + 8*Trs + max {(THARQ + 5ms + TFineTiming), (Tuncertainty_RRC + TRRC_delay)}. (Huawei)
Agreements:
· TSMTC_MAX is defined as the longer SMTC periodicity between active serving cells and SCell being activated in the bands supported for CBM
· SSB-ID search latency for coarse timing estimation CANNOT be skipped
Recommendations: Continue the discussion on open issues.

	
	Issue1-2-5: Measurement capabilities
Moderator’s comments: 
There is no consensus on this issue so it is open for further discussion.  
Candidate options:
· Proposal 1: Measurement capabilities of clause 3.6.2.1 for FR2 inter-band CA shall be revised to following (Ericsson, Nokia)
· 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. (Ericsson, Nokia)
· Proposal 3: This is not related to this WI and can be treated in TEI. (Apple, Qualcomm, Huawei)
Recommendations: Continue the discussion.




Topic #2: Inter-band UL CA for IBM
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2118483
	OPPO
	Proposal 1: RAN4 can consider UE per band/band combination capability of SRS carrier-based switching.
Proposal 2: If proposal 1 was agreed, interruption on the serving cells within FR or band/band groups can be introduced.

	R4-2118750
	Ericsson
	Proposal 1:  RAN4 to agree that Interruption due to SRS carrier switching in one band will occur on all serving cells within FR if UE supports per FR gaps; otherwise, interruption occurs on all serving cells.

	R4-2118751
	Ericsson
	Draft CR on RRM requirements for FR2 inter-band UL CA

	R4-2118769
	Nokia, Nokia Shanghai Bell
	1. RRM discontinue the discussion related to NR SRS carrier-based switching and wait RF progress.

	R4-2118423
	Nokia, Nokia Shanghai Bell
	draftCR on RRM requirements for IBM inter-band FR2 UL CA

	R4-2118833
	Huawei, Hisilicon
	Proposal 1: It is suggested to deprioritize the discussion on DL interruptions due to inter-band SRS carrier based switching in FR2 unless there is further discussion in RF session first.



Open issues summary
Sub-topic 2-1 RRM requirements for Independent beam management
Sub-topic description: This sub-topic discusses the RRM requirements for IBM in FR2 inter-band UL CA. Please note not all the options are exclusive. Companies can provide their preference on multiple options if applicable. 
Issue 2-1-1 DL interruption at NR SRS carrier based switching
· Proposals
· Option 1: RAN4 can consider UE per band/band combination capability of SRS carrier-based switching. If this was agreed, interruption on the serving cells within FR or band/band groups can be introduced (OPPO) 
· Option 2: Interruption due to SRS carrier switching in one band will occur on all serving cells within FR if UE supports per FR gaps; otherwise, interruption occurs on all serving cells. (Ericsson)
· [bookmark: _Hlk85825672]Option 3: RRM discontinues the discussion related to NR SRS carrier-based switching in FR2 and wait RF progress. (Nokia, Huawei)
· Recommended WF
· TBA
	Company
	Comments

	QualcommXXX
	Option 3.
Although moderator answered our question in the reflector last week, we still do not fully understand why this is an issue in IBM UL CA. In general, our understanding of SRS carrier switching is that it is for efficient DL channel sounding in asymmetric DL and UL TDD CA, e.g. 2DL with 1UL TDD CA, hence, not in the scope of IBM UL CA.

	Huawei
	Support option 3. 

	OPPO
	Option 1 or 3 are fine. The interruption could depend on UE RF implementation. Interruption on the serving cells within FR or band/band groups can be possible. RF conclusion could help.

	Ericsson
	We are fine with option 3.

	Apple
	We are fine with option 3. In principle, option 2 is consistent with existing interruption definition.

	Nokia
	Option 3.
In RAN4#96 meeting, it was agreed to wait for RF session on the SRS carrier switching time in FR2 as below. However, there is no progress on this matter in RF session till now. We would suggest not defining the interruption requirements at SRS carrier-based switching in FR2 before there is any response from RF session. 
· Applicability of SRS carrier switching time for defining interruption requirements 
· 200us for intra-band CA in both FR1 and FR2
· 200us , 500us and 900us for inter-band CA in FR1, and inter-band CA between FR1 and FR2
· Wait for RF room on conclusion of applicable SRS carrier switching time for inter-band CA in FR2
· 



Companies views’ collection for 1st round 
Open issues 
Moderator’s comments: Companies please provide your comments in the tables below each separate sub-topic summary in section 2.2. 
CRs/TPs comments collection
Major close to finalize WIs and Rel-15 maintenance, comments collections can be arranged for TPs and CRs. For Rel-16 on-going WIs, suggest to focus on open issues discussion on 1st round.
	CR/TP number
	Comments collection

	R4-2118423
	Company A[Nokia]: Come back. CRs are 2nd priority

	
	Huawei: the UE capability uplinkTxSwitchingPeriod is FR1-only. There is no need to further clarify it in FR1.Company B

	
	

	R4-2118751
	Company A[Nokia]: Come back. CRs are 2nd priority

	
	Huawei: the existing interruptions requirements at UL carrier RRC reconfiguration and due to active BWP switching are applied in general cases. There is no need to introduce the clarification for some cases. For inter-band SRS carrier-based switching in FR2, we suggest not to start the discussion unless RF has introduce this case firstly.Company B

	
	



Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic#1-1
	Issue 2-1-1 DL interruption at NR SRS carrier based switching
· Views after 1st round discussion:
· Option 1: RAN4 can consider UE per band/band combination capability of SRS carrier-based switching. If this was agreed, interruption on the serving cells within FR or band/band groups can be introduced (OPPO) 
· Option 2: Interruption due to SRS carrier switching in one band will occur on all serving cells within FR if UE supports per FR gaps; otherwise, interruption occurs on all serving cells. (Ericsson)
· Option 3: RRM discontinues the discussion related to NR SRS carrier-based switching in FR2 and wait RF progress. (Nokia, Huawei, Qualcomm, OPPO, Ericsson, Apple)
Moderator’s comments: 
There is consensus on Option 3 so this will be recommended to be agreeable.
Tentative agreements:
· RRM discontinues the discussion related to NR SRS carrier-based switching in FR2 and wait RF progress.
Recommendations for 2nd round: Please raise any concern if the tentative agreement above is not agreeable.




CRs/TPs
Moderator tries to summarize discussion status for 1st round and provided recommendation on CRs/TPs Status update suggestion 
	CR/TP number
	CRs/TPs Status update recommendation  

	R4-2118423
	Postponed

	R4-2118751
	Postponed



Discussion on 2nd round (if applicable)
Moderator can provide summary of 2nd round here. Note that recommended decisions on tdocs should be provided in the section titled ”Recommendations for Tdocs”.
Open issues 
Issue 2-1-1 DL interruption at NR SRS carrier based switching
Tentative agreements:
· RRM discontinues the discussion related to NR SRS carrier-based switching in FR2 and wait RF progress.
Recommendations for 2nd round: Please raise any concern if the tentative agreement above is not agreeable.
	Company
	Comments

	Qualcomm
	Okay with Tentative agreement.
We’d be appreciated it if anyone can answer our question.
If we’re not wrong, SRS carrier switching is for efficient DL channel sounding in asymmetric DL and UL TDD CA, e.g. 2DL with 1UL TDD CA. So we don’t really understand why the issue should be discussed under the umbrella of IBM UL CA.

	Huawei
	Support the tentative agreements.

	Ericsson
	Ok with tentative agreements. 

	Apple
	Ok with tentative agreements. 



CRs/TPs comments collection
Moderators’ comments: 
It is recommended to focus on technical issue discussion in this meeting. Volunteering on CR split will be handled in email discussion.    

Summary for 2nd round 
Open issues 
Moderator tries to summarize discussion status for 2nd round, list all the identified open issues and tentative agreements or candidate options and suggestion for next meeting i.e. WF assignment.
	
	Status summary 

	Sub-topic#1-1
	Issue 2-1-1 DL interruption at NR SRS carrier based switching
Moderator’s comments: 
There is consensus on the tentative agreement. So it is agreeable. 
Agreements:
· RRM discontinues the discussion related to NR SRS carrier-based switching in FR2 and wait RF progress.
Recommendations: This issue is closed.





Recommendations for Tdocs
1st round 
New tdocs
	Title
	Source
	Comments

	WF on RRM requirements for FR2 Inter-band DL CA and UL CA
	Nokia
	

	
	
	

	
	
	



Existing tdocs
	Tdoc number
	Title
	Source
	Recommendation  
	Comments

	R4-2118271
	MRTD/timing requirements for inter-band DL CA
	Ericsson
	Postponed
	

	R4-2118439
	draftCR on MRTD for CBM inter-band FR2 DL CA
	Nokia, Nokia Shanghai Bell
	Postponed
	

	R4-2118440
	draftCR on RRM other than MRTD for CBM inter-band FR2 DL CA
	Nokia, Nokia Shanghai Bell
	Postponed
	

	R4-2118749
	Draft CR on RRM requirements for FR2 inter-band DL CA
	Ericsson
	Postponed
	

	R4-2118832
	DraftCR on scheduling restriction requirements for FR2 inter-band CA with CBM
	Huawei
	Postponed
	

	R4-2118423
	38.133 draftCR on RRM requirements for IBM inter-band FR2 UL CA
	Nokia, Nokia Shanghai Bell
	Postponed
	

	R4-2118751
	Draft CR on RRM requirements for FR2 inter-band UL CA
	Ericsson
	Postponed
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics incl. existing and new tdocs.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) For new LS documents, please include information on To/Cc WGs in the comments column
4) Do not include hyper-links in the documents

2nd round 

	Tdoc number
	Title
	Source
	Recommendation  
	Comments

	R4-2120284
	WF on NR FR2 Inter-band DL CA and UL CA RRM requirements
	Nokia
	Agreeable
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



The draftCR work split is agreed as below: 

	Topics
	Volunteering Companies 

	MRTD requirements for CBM capable UEs in FR2 inter-band CA 
	Nokia

	Interruption requirements 
	Huawei

	Scheduling restriction
	Ericsson

	Measurement restriction
	

	SCell activation and deactivation delay
	MTK

	RRM requirements for IBM UEs in Inter-band UL CA
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) Do not include hyper-links in the documents

