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Document for:	Approval
Background
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. The email discussion [100-e][216] NR_RF_FR2_req_enh2_RRM is organized to discuss the RRM core requirements for inter-band CA in FR2 corresponding to section 9.4.6 in the agenda. 
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In last RAN4#99-e meeting, RAN4 down selected the candidate MRTD options for FR2 inter-band CA and encouraged companies to further study the compromised solutions. In addition, some agreements were reached on the other RRM requirements for CBM. The agreements and open issues are captured in the way forward R4-2108037. 
In this meeting, the target is to conclude on the MRTD principles for CBM capable UEs and discuss the RRM requirements in FR2 inter-band DL CA and UL CA. This way forward is to capture the agreements and open issues based on the email discussion as indicated in the chairman note below: 
Email discussion: [100-e][216] NR_RF_FR2_req_enh2_RRM
R4-2115206	Email discussion summary: [100-e][216] NR_RF_FR2_req_enh2_RRM
					Type: other		For: Information
					Source: Moderator (Nokia)
Abstract: 
Discussion: 
Decision:		Revised to R4-2115391 (from R4-2115206).
R4-2115391	Email discussion summary: [100-e][216] NR_RF_FR2_req_enh2_RRM
					Type: other		For: Information
					Source: Moderator (Nokia)
Abstract: 
Discussion: 
Decision:		Return to.
WF on Topic#1 Inter-band DL CA requirements for CBM
The exact structure of agreement section(s) is left open to the needs of the topic(s).
The sections should cover agreements, tentative agreements (during the active discussions), and open issues.
Sub-topic 1-1: MRTD requirements for CBM
Issue 1-1-1: MRTD principles in FR2 inter-band CA  
· 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 1-1-2a: the performance degradation including affected symbols, slots
[bookmark: _Hlk80604865]Candidate options: 
· Option 1: Adding a note to the corresponding MRTD table as below, wherein the note is formulated as:
· Option 1a: If the receive time difference exceeds [X]us, demodulation performance degradation is expected for the first and the last OFDM symbols of slot in a band where beam management reference resource(s) is not configured. 
· Option 1b: 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. 
· Option 1c: If the receive time difference exceeds [X]us, demodulation performance degradation is expected for the last OFDM symbol of slot in other CC when Rx beam switch is performed in slot boundary in a received CC earlier 
· Option 1d: 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. 
· Assuming one slot is punctured per L1-RSRP measurement periodicity
 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:
· Option 2a: scheduling restriction is of one symbol either immediately before DL -> UL switch, or immediately after UL -> DL switch in the cell. 
· 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 
· Option 2c: scheduling restriction can happen at any slot 
· Option 3: An interruption up to 1 symbol is allowed for UE Rx beam switching due to TCI state change 

Issue 1-1-2b: Solutions to reduce performance degradation and whether and how to introduce restrictions for UE Rx beam change
Candidate options: 
· Option 1: Use network scheduled/controlled instances for UE Rx beam change 
· Option 2: Do not define solutions.
· Option 2a: Leave UE Rx beam switch to UE implementation 
· Option 2b: Leave autonomous Rx beam switch to UE implementation 
· Option 3: The performance degradation cannot be perfectly avoided 
Issue 1-1-2c: value of X
Candidate options: 
· 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 
· Option 4a: Rx beam switch time is 370us for SCS=120kHz 
· Other options not excluded
Issue 1-1-2d: Demodulation and [RRM] performance impact
Candidate options: 
· Option 1: Can be discussed in Issue 1-1-2a. 
· Option 2: The “RRM” performance impact needs to be clarified. 
Issue 1-1-3: Performance impacts due to Rx beam switch when MRTD is larger than “CP length - UE Rx beam switch time - 2 x DL timing error” and below 3us 
· Agreements: This issue is closed and to be discussed in Issue 1-1-2a.   
Issue 1-1-4: How to derive MRTD for FR2 inter-band CA?  
· Agreements: This issue is closed due to conclusion on Issue 1-1-1.

Sub-topic 1-2: Other RRM requirements for CBM
Issue 1-2-1: Interruption requirements
Candidate options: 
· Option 1: The existing Rel16 interruption requirements of intra-band CA shall be applied 
· Option 2: Existing interruption requirements for (non-IBM) inter-band CA in R15/R16 can be reused for CBM type UE in R17 
· Option 3: Interruption requirements which may be impacted by MRTD>X should be FFS
Issue 1-2-2: Scheduling restriction
· 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
Issue 1-2-3: Measurement restriction
Candidate options: 
· Option 1: RAN4 not to define additional measurement restrictions for CBM operation in FR2 inter-band CA 
· Option 2: Measurement restriction requirements need to be defined for CBM capable UE for FR2 inter-band CA scenario. 

Issue 1-2-4: SCell activation delay 
Candidate options: 
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
WF on Topic#2 Inter-band UL CA for IBM
Sub-topic 2-1 RRM requirements for Independent beam management
Issue 2-1-1: Interruption due to UL carrier RRC reconfiguration
· Agreements:
· Existing interruption requirements at UL carrier RRC reconfiguration can be reused in R17. 

Issue 2-1-2: Interruption at active BWP switching
· Agreements:
· Interruption at active BWP switching is the same as the existing interruption requirement
Issue 2-1-3: DL interruption due to UE Tx switching between two UL carriers
· Agreements:
· Not define DL interruption at UE Tx switching between two uplink carriers for FR2 inter-band CA, unless there is further discussion in RF session first. 
Issue 2-1-4 DL interruption at NR SRS carrier based switching
Candidate options: 
· Option 1: To further consider whether interruption due to SRS carrier based switching can be limited to the band in which SRS carrier based switching is taking place. 
· The decision shall be subject to confirmation by RF session, and the details are FFS, e.g. whether it depends on the signalling/triggering mechanism of SRS carrier based switching. 
· 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. 
· Option 3: RAN4 need to study whether and/or how to define the interruption requirements for inter-band SRS carrier based switching in FR2 
· Option 3a: Wait for RF room on conclusion of applicable SRS carrier switching time for inter-band CA in FR2 




