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Introduction
In the latest approved updated WID for Rel-17 feMIMO, the following objectives has been including in WID:
· Multi-Beam operation Enhancement (RAN1 led)
· Multi-TRP operation enhancement (RAN1 led)
· SRS enhancement (RAN1 led)
· CSI enhancement (RAN1 led)
· Investigate on Link recovery requirements for FR2 serving cells (RAN4 led)
In this contributions, the overall impact to RF requirements due to introduction of above objectives has been analysed. No RF requirements impact due to CSI enhancement is identified so far. Also, requirements for link recovery are for RRM requirements, i.e., no impact to RF. To be noted, the RAN1 discussions for some objectives are still ongoing. The potential impact to RF requirements shall be further evaluated in RAN4 once the RAN1 design is clear. 
Furthermore, from rapporteur perspective, the initial work plan for FeMIMO RF core part have been provided in this paper. Such work plan is also subject to be changed based on outcome of discussion in this RAN4 meeting for potential impact to RRM requirements as well as other WG progress. 
Discussion
Multi-beam operation enhancement
The detailed description of scope of multi-beam operation can be found in the latest FeMIMO WID as below. 
	1. Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1: 
a. Identify and specify features to facilitate more efficient (lower latency and overhead) DL/UL beam management to support higher intra- and L1/L2-centric inter-cell mobility and/or a larger number of configured TCI states:
i. Common beam for data and control transmission/reception for DL and UL, especially for intra-band CA
ii. Unified TCI framework for DL and UL beam indication
iii. Enhancement on signaling mechanisms for the above features to improve latency and efficiency with more usage of dynamic control signaling (as opposed to RRC)
b. Identify and specify features to facilitate UL beam selection for UEs equipped with multiple panels, considering UL coverage loss mitigation due to MPE, based on UL beam indication with the unified TCI framework for UL fast panel selection 



As highlighted above, the impact to RAN4 RF requirements will mainly cause by the Multi-panel UE and corresponding MPE mitigation solutions. 
For Multi-panel UE, to facilitate the discussions in RAN1, RAN1 has concluded the following terms for the purpose of discussions, i.e., 
	· ‘Panel activation’ (at least for DL/UL measurement): activating L out of P available UE panel(s) at least for the purpose of DL and UL beam measurements (e.g. reception of DL measurement RS, transmission of SRS)
· ‘Panel selection’ (for UL transmission): selecting 1 out of L activated UE panel(s) for the purpose of UL transmission 
· Note: UE-initiated panel activation and selection have been agreed in RAN1#103-e



Based on above definition of terms, it is our observation, at least for UL transmission, RAN1 is only considering only selecting 1 out of all activated UE panels for transmission for UE which equipped with multi-panels. In the other word, for RF Tx requirements, single panel transmission as previous release can be still assumed in Rel-17. For panel switching requirements, RAN4 has some discussions to response RAN1 LS in previous RAN4 meeting. As approved in the LS R4-2105437, it is RAN4 common understanding that RAN4 requirements have been established in a panel agnostic way, i.e. transparent to network so that beam switching requirements defined in Rel-15 are applicable for both the same panel and cross panel beam switch cases in RAN4. 
Observation 1: No multi-panel simultaneous transmission is considered in RAN1 
Observation 2: It is RAN4 understanding that existing beam switching requirements are applicable for both the same panel and cross panel beam switch cases. 
Also, some initial analysis for simultaneous receptions is provided later. Overall, no impact to RF requirements due to Multi-panel UE is identified. 
For MPE mitigation, RAN1 is still discussing the potential solutions to address MPE issues, i.e., 
	Agreement
On Rel.17 enhancements to facilitate MPE mitigation, in RAN1#105-e, further discuss to down-select at least one or combine from the following options:
· Opt 1A. {Rel.16 P-MPR based (beam/panel-level)} + Virtual PHR or a modified version 
· The modified version may be associated with each activated UL TCI or, if applicable, joint TCI, or associated with each of the reported SSBRI(s)/CRI(s) and/or panel indication (if configured) from candidate pool, if reported.
· The reporting reuses the event-driven mechanisms from the Rel-16 P-MPR reporting
· FFS: how to determine the virtual PHR or the modified version.
· Opt 1D. {Rel.16 P-MPR based (beam/panel-level)}
· The reporting reuses the event-driven mechanisms from the Rel-16 P-MPR reporting
· Opt 2A. {SSBRI(s)/CRI(s) and/or panel indication} + L1-RSRP [L1-SINR] or a modified version that accounts for MPE effect associated with each of the reported SSBRI(s)/CRI(s) and/or panel indication (if configured)
· FFS: How panel-level L1-RSRP [L1-SINR] is reported if L1-RSRP [L1-SINR] is associated with panel
· FFS: Whether/how to account for MPE effect in L1-RSRP [L1-SINR] report, e.g. by using scaled L1-RSRP [L1-SINR]
· FFS: Whether/how to enhance existing beam reporting format to support Option 2A
· FFS: When multiple SSBRIs/CRIs and their corresponding metrics are reported in the same reporting instance, whether to allow mixture between the SSBRI(s)/CRI(s)) intended for MPE mitigation and for DL beam reporting 
· FFS: Whether the reporting is UE-initiated (event-driven) and/or NW-initiated
· FFS: If Opt2A is selected and there is no consensus on a modified L1-RSRP definition, at least the Rel-15 L1-RSRP definition is reused and virtual PHR may be added
FFS: If gNB acknowledges MPE report from UE for UE-initiated (event-driven) reporting 
FFS: If differential report is supported when multiple UL beams are reported in the same report



Without conclusion on the detailed solutions for MPE mitigations, it is difficult for RAN4 to conduct any analysis on the impact to RF requirements. 
Observation 3: RAN4 is only supposed to discuss the impact to RF requirements due to MPE mitigation after RAN1 design is clear
Multi-TRP operations
For the impact to RF Rx requirements due to Multi-TRP operation, even though simultaneous reception of RS with different QCL type D is not precluded but deprioritized in RAN1, RAN4 can still discuss the applicability of current Rx requirements for UE with multiple receiving panels. In our understanding, simultaneous receptions of RS with same QCL type D (co-located) is implementation issues, i.e., current Rx requirements are applicable for UE with multiple panels. For UE with capability of simultaneous reception of RS with different QCL type D, RAN4 can follow RAN1 decision to postpone the disucssions to further release 
Considering above analysis including the observation 1 mentioned above, no RF impact is identified for multi-panel UE in Rel-17. 
Proposal 1: RF core requirements assuming simultaneous reception channel/RS with different QCL type D can be postponed to further release
Proposal 2: No RF impact is identified for Multi-panel UE in Rel-17 
SRS enhancement
The detailed description of SRS enhancement in latest WID is as below: 
	a) Identify and specify enhancements on aperiodic SRS triggering to facilitate more flexible triggering and/or DCI overhead/usage reduction
b) Specify SRS switching for up to 8 antennas (e.g., xTyR, x = {1, 2, 4} and y = {6, 8})
c) Evaluate and, if needed, specify the following mechanism(s) to enhance SRS capacity and/or coverage: SRS time bundling, increased SRS repetition, partial sounding across frequency



For SRS switching for up to 8 antennas, insertion loss specified in UE configured transmitted power requirements shall be discussed to address the xT8R case. 
Proposal 3: FFS for UE configured transmitted power requirements due to introduction of SRS switching for up to 8 antennas. 
Work plan 
RAN4 99e (May 2021)
· Agree overall work plan for RF core requirements 
· Initial analysis to potential RF impact due to FeMIMO features

RAN4 100e (Aug 2021)
· Initial discussions on UE RF requirements impact due to FeMIMO features 

RAN4 101e (Nov 2021)
· Further discussions on UE RF requirements impact due to FeMIMO features 

RAN4 101-bis e (Jan 2022, meeting to be confirmed)
· Further discussions on UE RF requirements impact due to FeMIMO features
· Review draft CRs for endorsement if any

RAN4 102e (Feb 2022) 
· Agree RAN4 CR to finalize the RF core requirements

Note 1: This work plan only focused on RF core part.
Note 2: Detailed work split on CR drafting if any will be provided during WI phase in appropriate time.
Conclusion
In this paper, the RF impact of R17 FeMIMO was discussed and following observation were provided.
Observation 1: No multi-panel simultaneous transmission is considered in RAN1 
Observation 2: It is RAN4 understanding that existing beam switching requirements are applicable for both the same panel and cross panel beam switch cases. 
Observation 3: RAN4 is only supposed to discuss the impact to RF requirements due to MPE mitigation after RAN1 design is clear
Proposal 1: RF core requirements assuming simultaneous reception channel/RS with different QCL type D can be postponed to further release
Proposal 2: No RF impact is identified for Multi-panel UE in Rel-17 
Proposal 3: FFS for UE configured transmitted power requirements due to introduction of SRS switching for up to 8 antennas. 
Proposal 4: NO RAN4 RF impact foreseen for Rel-17 FeMIMO work objectives on Multi-TRP enhancement and CSI enhancement.
To summary, the potential impact on RAN4 RF perspective summarized in below table:
	Sub-items
	 
	RF 

	Item 1: 
Multi-Beam operation Enhancement
	1a: Unified TCI for DL and UL
	No


	
	1b: L1/L2 centric inter-cell mobility
	No

	
	1c: Beam indication signaling medium
	No

	
	1d: MP-UE
	No

	
	1e: MPE
	FFS
Pending on RAN1 agreement on MPE solutions 

	Item 2: Multi-TRP Enhancement
	2a: M-TRP for PDCCH, PUCCH and PUSCH
	No

	
	2b: M-TRP intel-cell operation
	No

	
	2c: Beam management enhancement
	No

	
	2d: HST-SFN enhancement
	No

	Item 3: SRS enhancement
	FFS

	Item4:
CSI enhancement
	4a: CSI enhancement for FDD
	No

	
	4b: CSI enhancement for Multi-TRP
	No

	Item5: Investigate on Link recovery requirements for FR2 serving cells
	No



Work plan is also provided. 
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