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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 [101-e][214] NR_RF_FR2_req_enh2_RRM is organized to discuss the RRM core requirements for inter-band CA in FR2 corresponding to section 8.4.6 in the agenda. 
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. 
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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: [101-e][214] NR_RF_FR2_req_enh2_RRM
R4-2120209	Email discussion summary for [101-e][214] NR_RF_FR2_req_enh2_RRM 
					Type: other		For: Information
					Source: Moderator (Nokia)
Abstract: 
Discussion: 
Decision:		Revised to R4-2120356 (from R4-2120209).
R4-2120356	Email discussion summary for [101-e][214] NR_RF_FR2_req_enh2_RRM 
					Type: other		For: Information
					Source: Moderator (Nokia)
Abstract: 
Discussion: 
Decision:		Return to.
draftCR work split
Based on the email discussion, here is the work split on CR drafting responsibility. The volunteering company is expected to provide at least the draftCR on respective topic in following meetings. For those sub-sections which are not included in the table, companies are encouraged to bring the draftCR for discussion. 

	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
	



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: value of X below which performance degradation is NOT expected 
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
Issue 1-1-2: performance degradation when receive time difference exceeds [X]us
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:  
· 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. 
· 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 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. 
· 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-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”
· 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
Issue 1-1-3: Solutions to reduce/avoid performance degradation 
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)
Sub-topic 1-2: Other RRM requirements for CBM
Issue 1-2-1: Interruption requirements
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
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”.
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
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: 
· 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.
Issue 1-2-4: SCell activation delay 
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
Issue1-2-5: Measurement capabilities
Candidate options:
· 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)

WF on Topic#2 Inter-band UL CA for IBM
Sub-topic 2-1 RRM requirements for Independent beam management
Issue 2-1-1 DL interruption at NR SRS carrier based switching
Agreements:
· RRM discontinues the discussion related to NR SRS carrier-based switching in FR2 and wait RF progress.


