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Introduction
In previous RAN4 meetings, it’s still FFS the impact on RRM and RF and whether to define RRM and RF requirements for simultaneous reception of channel/RS with different QCL type D under Rel-17 FeMIMO WI.
In this contribution, RAN4 discussion history was summarized and proposals on handling specific requirements for FR2 UE with the capability of simultaneous reception with different QCL Type-D RSs were given based on the observations
Discussion
Background
From RAN1 design perspective, multi-beams simultaneously reception in UE side already supported from Rel-15 (specification transparent way). In Rel-16 eMIMO and Rel-17 FeMIMO, specific enhancement/optimization for multi-panel operation were introduced.
Since Rel-15 till now, RAN4 UE requirements (RF, RRM and Demod) are specified based on the assumption that no simultaneous Transmission/Reception with multi-beams in FR2 given the feedback from chipset vendors that it’s not practical to support simultaneously multi-beams/panels reception with existing commercial chipsets and smart phones from implementation perspective. 
From Rel-15 FR2 OTA test method study, it’s assumed no simultaneous reception with multi-beams with following assumption on the number of simultaneously active AoAs:
· RF Testing: Only 1AoA test setup
 No discussion on more than 1AoA setup for RF testing till now 
· RRM Testing: Support 2AoA test setup (i.e., NMAX_AoAs = 2) 
· For UE RRM baseline measurement setup based on DFF, the supported NMAX_AoAs = 2.
· For UE RRM baseline measurement setup based on simplified DFF, the supported NMAX_AoAs = 1.
· For UE RRM baseline measurement setup based on IFF, the supported NMAX_AoAs = 1.
No conclusions on the feasibility of generating the testable side conditions made for Case 2 (2AoA, simultaneous transmission of signals from 2 probes). 
· Demodulation Testing: Only 1AoA test setup
· One TRxP with a dual-polarized measurement antenna directed at the DUT to support up to DL MIMO rank 2 transmissions 
From test perspective, it’s not supported to verify demodulation/CSI with 2 simultaneous active AoAs
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Figure 1: Baseline measurement setup for UE demodulation and CSI characteristics testing
Rel-16 eMIMO history
In Rel-16, single-DCI and multi-DCI based NCJT transmission from different TRP/Panels for PDSCH with simultaneous active TCI states are supported with different transmission schemes.
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Figure 2: Multi-TRP/Panel transmission schemes in eMIMO WI
In addition to the feature list for transmission schemes, one additional UE capability specified as following for simultaneous reception with different QCL Type-D RSs which only applicable for FR2 (TR 38.822):
[image: ] 
For supporting multi-TRP transmission, multi-TCI states activated associated with PDSCHs from different TRPs, which require simultaneous reception with multi-beams in FR2. 
Following RAN4 assumption from RF and RRM core requirements: UE not capable of simultaneous Rx reception with multi-Rx beams; PDSCH demodulation requirements with Multi-TRP transmission schemes only specified for FR1 in eMIMO WI, i.e., 2 TCI states with Type C QCI info/RS
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Figure 3: Possible FR2 multi-TRP transmission scheduling scenario
Rel-17 FeMIMO status
For Rel-17 FeMIMO, following working objectives related to multi-Panel transmission/reception:
· Enhancements on beam management for multi-TRPs (item-1)
· Inter-cell multi-DCI based multi-TRP operation (item-2)
· Enhancements on HST-SFN deployment (item-3)
RF discussion status: 
Relevant discussion for “additional requirement for multi-panel reception”: Still under discussion for whether/how relevant requirement to be introduced. Most companies support to conclude the discussion in Rel-17, and prefer to postpone the discussion to Rel-18. On the other hand, some companies share that the discussion can be continued to find out possible implications for the future discussions. Hence, it was agreed that RAN4 would further determine if additional requirement is required for the multi-panel reception as follows.
	Agreement in RAN4#101e (R4-2120006):
· For the rest of Rel-17 RAN4 meetings, RAN4 focuses on finding out the requirements to verify the simultaneous reception with multi-panels from multi-TRPs 
· Companies are encouraged to provide views on following conditions
· Test system and environment
· Type of the requirement 
· In RAN4#101-bis-e, RAN4 will conclude if specifying additional requirements within Rel-17 is necessary and feasible 



In our understanding, as noted in the WF, the assumption or environment of FR2 RF test system should be guaranteed to evaluate the feature of simultaneous reception with multi-panels from multi-TRP properly. Also, how to define the method for the feature verification would be the key to the additional RF requirement. If the additional requirement is necessary, it would be meaningful if RAN4 starts the discussion with its RF test system, e.g., 2AoA DL, in Rel-18.

RRM discussion status: 
No conclusion whether any impact and whether to specify specific requirements for simultaneous reception channel/RS with different QCL type D under Rel-17 FeMIMO WI.
	No conclusion in RAN4#101e with following candidate options:
· Option 1: 
· No RRM requirements will be specified for simultaneous reception channel/RS with different QCL type D
· RAN4 will further study the RRM requirement impact and relative testing issues for FR2 UE with 2 antenna panels with simultaneous reception capability in REl-17 under FeMIMO WI or TEI17
· RAN4 will further discuss the RRM requirements impact for FR1 and FR2 UE with 1 antenna panel with simultaneous reception capability of multiple TRPs
· Option 2: 
· RAN4 will further study the RRM requirement impact and relative testing issues for FR2 UE capable of simultaneous reception from 2 AoAs in REl-17 under FeMIMO WI 
· How to handle the requirements definition can be further discussed after the needed changes are clarified
· Option 3: 
· RAN4 further studies the Rel-17 RRM requirement impact and relative testing issues for FR1 and FR2 UE capable of simultaneous reception with assumption that
· A UE simultaneously receives channel/RS from different QCL sources using one beam.



With our analysis, expected RRM impact at least includes but not necessarily limited to: 
	Impacted RRM requirement
	Comments

	Handover to unknown FR2 cell
	Similar to FR2 RX beam sweeping number, need FFS on Tsearch to unknown cell

	Factor for FR2 RX beam sweeping
	With multi-panel simultaneous reception, to reduce RX beam sweeping number = 8 needs FFS: RLM, BFD, CBD, L3/L1- Measurement

	Measurement restriction for CSI-RS-based operation
	In current spec, UE is not required to both CSI-RS if “The two CSI-RS-es are not QCL-ed w.r.t. QCL-TypeD”

	Scheduling restriction for CSI-RS-based operation
	In current spec, no scheduling restriction only if “CSI-RS which is type-D QCL-ed with active TCI state for PDCCH or PDSCH”

	SCell activation/deactivation delay
	Tactivation_time = 3ms conditioned on FR2 SCell is QCL Type-D with active serving cell need FFS. 

	Active TCI switching delay
	If the target TCI can be received simultaneously, then T_L1-RSRP = 0 can be also possible for FR2



Potential performance impact (demodulation and CSI)
Performance part of Rel-17 FeMIMO WI will be started in January RAN4 meeting. With our initial analysis, below two items may have impact for FR2 UE which related to the capability of simultaneous reception with different QCL Type-D RSs.
Inter-cell multi-DCI based multi-TRP operation (item-2)
RAN4 need to specify PDCCH/PDSCH demodulation requirements for multi-cell multi-DCI based multi-TRP operation. 
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Figure 4: Rel-17: Inter-cell mTRP transmission schemes
The same question/situation as Rel-16, whether these will be specified for FR2 with simultaneous active TCI states (QCL type D) which also need to be aligned with RAN4 core (RF and RRM) assumption. 
If introduced, test issue also needs to be resolved (2 AoAs required for demodulation test cases).
Enhancements on HST-SFN deployment (item-3)
Under Rel-17 FeMIMO WI, new transmission scheme for SFN deployment scenario is specified which same DMRS/PDSCH can be associated 2 TCI states with transmission from different RRHs.
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Figure 5: SFN transmission schemes introduced in Rel-15/16/17

For HST-SFN scenario under FR1 and FR2, PDSCH requirements were specified with different transmission schemes under Rel-16/17 FR1 HST and FR2 HST WI
· FR1 HST-SFN PDSCH requirements (refer to Rel16 FR1 HST WI)
· Transparent SFN joint transmission from several RRHs
· DPS transmission schemes from adjacent RRHs
· FR2 HST-SFN PDSCH requirements (refer to Rel-17 FR2 HST WI)
· DPS transmission schemes from adjacent RRHs
· Note: only one active antenna panel at a time, as baseline antenna assumption for roof mounted CPE in this WI
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Figure 6: DPS transmission schemes for FR1 and FR2 HST SFN scenario
In FR2, single TCI state associated multi-Beams directions which required UE capable of simultaneously multi-Rx beam handling which is out of the current Rel-17 FR2 HST WI scope, also not practical to specify requirements under Rel-17 FeMIMO WI for FR2.
Conclusion
In section 2, we summarize RAN4 discussion status and analyses the potential impact on RAN4 requirements including RF, RRM, Demod, and test aspects for FR2 UE with FR2 UE with the capability of simultaneous reception with different QCL Type-D RSs.
To summary:
Observation 1: RAN4 requirements till Rel-17 including RF, RRM and demodulation are specified based on the assumption that UE not capable of simultaneous reception multi-beams.
Observation 2: A dedicated UE capability signaling was introduced in Rel-16 eMIMO WI for supporting simultaneous reception with different QCL Type-D RSs (FR2 only).
Observation 3: It’s not practical to support UE with the capability of simultaneous reception with different QCL Type-D RSs from RAN4 requirements aspect in Rel-17 timeline considering the heavy work impact and wide working scope including:
· RF
· Study and if identified, specify RF requirements for UE with capability of simultaneous reception with different QCL Type-D RSs
· RRM: 
· Study and if identified, specify RRM requirements for UE with capability of simultaneous reception with different QCL Type-D RSs
· Demodulation: 
· Specify demodulation and CSI requirements with >=2 layers’ transmission for UE with capability of simultaneous reception with different QCL Type-D RSs  
· Specify UE demodulation and/or CSI requirements for Rel-16/17 multi-TRP transmission schemes, HST-SFN M-TRP enhanced schemes in FR2
· Test
· Study the test feasibility of supporting simultaneous 2 active AOAs for demodulation, RF and RRM

Proposal 1: Further study and specify corresponding specific requirements for FR2 UE with the capability of simultaneous reception with different QCL Type-D RSs in Rel-18 timeframe.
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