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Introduction
In last meeting 3GPP TSG RAN WG4 Meeting #107, the conclusions on simultaneous multi-panel operation and CA scenario for HST FR2 were collected in WF [1]. In this contribution, we herein present our views and proposals on the remaining issues under the topic of simultaneous multi-panel operation. 
Discussion

Issue 1-1-5: The applicability and necessity of GBBR in FR2 HST
	· Agreements from Monday RRM session
· Define the following requirements for Rel-18 enhanced FR2 CPE 
· 1) Requirements for UEs without mandatory support of GroupBasedBeamReporting-r17
· FFS if a new UE capability is needed to indicate support of simultaneous data reception 
· 2) Requirements for UEs with support of GroupBasedBeamReporting-r17
FFS if GBBR (GroupBasedBeamReporting-r17) can be applicable for the case of RTD > CP. If it is not applicable, then the requirements will not be defined.
Issue 1-1-5: The applicability and necessity of GBBR in FR2 HST
· Agreement (Updated agreement from Thursday Ad-Hoc Session): 
· FR2 HST requirement shall be defined without GroupBasedBeamReporting-r17 supported and GBBR configured
· FFS the performance degradation if GBBR is not configured. 

New Issue related to Issue 1-1-5: Applicable condition for FR2 HST multi-RX in the spec, if without GBBR as prerequisite: 
· Agreement from Thursday Ad-Hoc Session: 
· Applicable condition for FR2 HST multi-panel requirement, if without GBBR as prerequisite
· FR2 PC6 UE shall support the multi-panel simultaneous reception capability 
· FFS new or existing (simultaneousReceptionDiffTypeD-r16) capability for multi-panel simultaneous reception
· NW shall configure Rel-17 HST flag (highSpeedMeasFlagFR2) and bi-direction flag (i.e., highSpeedDeploymentTypeFR2)




Regarding the remaining issue as follows: ‘FFS the performance degradation if GBBR is not configured.’ To our understanding, the enhancements introduced by GBBR mechanism is mainly derived from resources saving, but to RRM requirements, no measurement delay requirements are impacted accordingly. 
Observation 1:  No RRM requirements degrade if GBBR is not configured.
Another issue was discussed that whether a new or legacy UE capability is used for supporting multi-panel simultaneous reception. Even we don’t think reusing parameter ‘simultaneousReceptionDiffTypeD’ may introduce ambiguity for the particular FR2 PC6 UE, but we slightly lean towards a newly termed capability that can clearly interpret its relationship to multi-panel simultaneous reception.
Proposal 1: We slightly lean towards a newly termed capability that clearly interprets its relationship with multi-panel simultaneous reception.

	[bookmark: _Hlk135865725]Whether to consider/enhance simultaneous L3+L3, L3+L1 and L1+L1 measurement for multi-panel RX in Rel-18 FR2 HST WI?
· Agreement from Thursday Ad-Hoc Session: 
· RAN4 shall preclude the simultaneous L3+L3 measurement for multi-panel RX in Rel-18 FR2 HST WI.
· RAN4 shall preclude the simultaneous L3+L1 measurement for multi-panel RX in Rel-18 FR2 HST WI.
· RAN4 shall consider the simultaneous L1+L1 measurement for multi-panel RX in Rel-18 FR2 HST WI, and new requirements shall be defined accordingly
· FFS applicable condition of the enhancement for new requirement:
· Restriction on SSB configuration for neighboring RRHs
· Enhancement on only set1, or both set1 and set2. 
· The sweeping factor N1 can be reduced in FR2 HST multi-panel simultaneous reception 
· FFS how to reduce N1



With support of simultaneous L1+L1 measurement for multi-panel RX, the L1 measurements on one panel only need to cover half of forwards and backwards directions in bi-directional scenario, then the total RX sweep time delay can be abbreviated. 
Proposal 2: RX sweep beam number in two active panel reception operation shall be abbreviated from the number used in single active panel reception in Rel-17 since each panel directs forward or backward direction only. It’s feasible to define sweeping factor= [1] for set1 configuration, sweeping factor=[3] for set2 configuration.

	[bookmark: _Hlk135865415]Whether to consider/enhance CSI-RS based requirements for multi-panel RX in Rel-18 FR2 HST WI?
· [bookmark: _Hlk135956591]Agreement from Thursday Ad-Hoc Session: 
· RAN4 shall preclude any enhancement for all the CSI-RS based requirements for FR2 HST multi-panel RX, which include:
· Requirements for CSI-RS based RLM
· Requirements for CSI-RS based BFD/CBD
· Requirements for CSI-RS based L1-RSRP measurement
· Measurement restriction for CSI-RS based L1-RSRP




According to our interpretation of the agreements from the last meeting, enhancements to measurement restriction for SSB based L1-RSRP still is valid for multi-panel reception. Therefore, below requirements (highlighted in yellow) quoted from TS 38.133 shall be updated with respect to multi-panel reception configuration accordingly. 
	9.5.5.1	Measurement restriction for SSB based L1-RSRP
For FR1, when the SSB for L1-RSRP measurement is in the same OFDM symbol as CSI-RS for RLM, BFD, CBD or L1-RSRP measurement, 
-	If SSB and CSI-RS have same SCS, UE shall be able to measure the SSB for L1-RSRP measurement without any restriction;
-	If SSB and CSI-RS have different SCS,
-	If UE supports simultaneousRxDataSSB-DiffNumerology, UE shall be able to measure the SSB for L1-RSRP measurement without any restriction;
-	If UE does not support simultaneousRxDataSSB-DiffNumerology, UE is required to measure one of but not both SSB for L1-RSRP measurement and CSI-RS. Longer measurement period for SSB based L1-RSRP measurement is expected, and no requirements are defined.
For FR2, when the SSB for L1-RSRP measurement on one CC is in the same OFDM symbol as CSI-RS for RLM, BFD, CBD or L1-RSRP measurement on the same CC or different CCs in the same band, UE is required to measure one of but not both SSB for L1-RSRP measurement and CSI-RS. Longer measurement period for SSB based L1-RSRP measurement is expected, and no requirements are defined.
For FR2, if the network configures same or mixed numerology between SSB for L1-RSRP measurement on one FR2 band and CSI-RS for RLM, BFD, CBD, L1-RSRP or L1-SINR measurement on the other FR2 band, UE shall be able to perform the related SSB based measurements in one band without any measurement restrictions in the other band, provided that UE is capable of independent beam management on this FR2 band pair.



Multi-panel reception may result into different measurement restriction when SSB based L1-RSRP on one panel and other L1 measurements on same panel.
Proposal 3: Add a measurement restriction requirement in clause 9.5.5.1 in TS 38.133 as follows:
· In HST FR2 scenario, For FR2 PC6 UE, when the SSB for L1-RSRP measurement on one CC is in the same OFDM symbol as CSI-RS for RLM, BFD, CBD or L1-RSRP measurement on the same CC or different CCs in the same band or other FR2 band, UE shall be able to perform the related SSB based measurements on with one Rx chain without any measurement restrictions with the other Rx chain, provided that the highSpeedMeasFlagFR2-r17 is configured and highSpeedDeploymentTypeFR2-r17 is bidirectional.
Proposal 4: In TS 38.133, ‘one panel’, ‘panels’ in discussion of multi-panel reception shall be termed formally as ‘one RX chain’, ‘RX chains’. 

	Whether to consider/enhance simultaneous data+L1 measurement and data+L3 measurement for multi-panel RX in Rel-18 FR2 HST WI?
· Agreement from Thursday Ad-Hoc Session: 
· RAN4 shall preclude any enhancement on the scheduling restriction requirement for simultaneous L3 measurement and data reception in Rel-18 FR2 HST.
· RAN4 shall consider data+L1 measurement for Rel-18 FR2 HST multi-panel RX:
· FFS The necessity of scheduling restriction requirement enhancement for data+ L1 measurement in Rel-18 FR2 HST
· RAN4 should introduce enhancement on the scheduling restriction requirement for L1-RSRP in Rel-18 FR2 HST
· FFS applicable condition of the enhancement for new requirement
· FFS whether RAN4 should preclude any enhancement on the scheduling restriction requirement for RLM in Rel-18 FR2 HST



With the help of multi-panel reception, it’s rational that scheduling restriction can be removed when data transmission/reception is on one panel and L1(SSB based)/L3 measurement is on the other panel. 
For L1 (SSB based) scheduling restriction, at the least below requirements quoted from TS 38.133 shall be updated accordingly.
	In HST scenario, the UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/CSI-RS for tracking/CSI-RS for CQI on 
-	symbols corresponding to the SSB indexes configured for L1-RSRP measurement and 1 data symbol before each consecutive SSB symbols to be measured for L1-RSRP and 1 data symbol after each consecutive SSB symbols to be measured for L1-RSRP



Proposal 5: Regarding L1 (SSB based) scheduling restriction, additional requirements shall be added as follows:
· In HST FR2 scenario, the power class 6 UE supporting [simultaneousReceptionDiffTypeD-r16] is able to receive PDCCH/PDSCH/CSI-RS for tracking/CSI-RS for CQI with one Rx chain on SSB symbols to be measured for RLM when performing SSB based RLM measurement with the other Rx chain, provided that the highSpeedMeasFlagFR2-r17 is configured and highSpeedDeploymentTypeFR2-r17 is bidirectional.

For L3 scheduling restriction, at the least below requirements shall be extended with a note accordingly.
	9.2.5.3.3	Scheduling availability of UE performing measurements on FR2
The following scheduling restriction applies due to SS-RSRP or SS-SINR measurement on an FR2 intra-frequency cell
-	If deriveSSB-IndexFromCell is enabled the UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/TRS/CSI-RS for CQI on SSB symbols to be measured, and on K data symbol(s) before each consecutive SSB symbols to be measured and K data symbol(s) after each consecutive SSB symbols to be measured within SMTC window duration. 
-	If deriveSSB-IndexFromCell is not enabled and the SCS of data and SSB symbols are smaller than 960kHz, the UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/TRS/CSI-RS for CQI on all symbols within SMTC window duration. 
-	If deriveSSB-IndexFromCell is not enabled and the SCS of data or SSB symbols is 960kHz, the UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/TRS/CSI-RS for CQI SSB symbols to be measured, and on K’ data symbol(s) before each consecutive SSB symbols to be measured and K’ data symbol(s) after each consecutive SSB symbols to be measured within SMTC window duration. 
The following scheduling restriction applies to SS-RSRQ measurement on an FR2 intra-frequency cell
[bookmark: _Hlk94187593]-	If deriveSSB-IndexFromCell is enabled the UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/TRS/CSI-RS for CQI on SSB symbols to be measured, RSSI measurement symbols, and on K data symbol(s) before each consecutive SSB to be measured/RSSI symbols and K data symbol(s) after each consecutive SSB to be measured/RSSI symbols within SMTC window duration
-	If deriveSSB-IndexFromCell is not enabled and the SCS of data and SSB symbols are smaller than 960kHz, the UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/TRS/CSI-RS for CQI on all symbols within SMTC window duration. 
-	If deriveSSB-IndexFromCell is not enabled and the SCS of SSB symbols is 960kHz, the UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/TRS/CSI-RS for CQI on SSB symbols to be measured, RSSI measurement symbols, and on K’ data symbol(s) before each consecutive SSB to be measured/RSSI symbols and K’ data symbol(s) after each consecutive SSB to be measured/RSSI symbols  within SMTC window duration.




Proposal 6: Regarding L3 scheduling restriction, additional requirements shall be added as follows:
· In HST scenario, the power class 6 UE is able to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/CSI-RS for tracking/CSI-RS for CQI on one RX chain when performing SS-RSRP, SS-SINR or SS-RSRQ measurement on an FR2 intra/inter-frequency cell on the other RX chain, provided that the highSpeedMeasFlagFR2-r17 is configured and highSpeedDeploymentTypeFR2-r17 is bidirectional.



Conclusion
Observation 1:  No RRM requirements degrade if GBBR is not configured.
Proposal 1: We slightly lean towards a newly termed capability that clearly interprets its relationship with multi-panel simultaneous reception.
Proposal 2: RX sweep beam number in two active panel reception operation shall be abbreviated from the number used in single active panel reception in Rel-17 since each panel directs forward or backward direction only. It’s feasible to define sweeping factor= [1] for set1 configuration, sweeping factor=[3] for set2 configuration.
Proposal 3: Add a measurement restriction requirement in clause 9.5.5.1 in TS 38.133 as follows:
· In HST FR2 scenario, For FR2 PC6 UE, when the SSB for L1-RSRP measurement on one CC is in the same OFDM symbol as CSI-RS for RLM, BFD, CBD or L1-RSRP measurement on the same CC or different CCs in the same band or other FR2 band, UE shall be able to perform the related SSB based measurements on with one Rx chain without any measurement restrictions with the other Rx chain, provided that the highSpeedMeasFlagFR2-r17 is configured and highSpeedDeploymentTypeFR2-r17 is bidirectional.
Proposal 4: For clarification, in TS 38.133, ‘one panel’, ‘panels’ in discussion of multi-panel reception shall be termed formally as ‘one RX chain’, ‘RX chains’. 
Proposal 5: Regarding L1 (SSB based) scheduling restriction, additional requirements shall be added as follows:
· In HST FR2 scenario, the power class 6 UE supporting [simultaneousReceptionDiffTypeD-r16] is able to receive PDCCH/PDSCH/CSI-RS for tracking/CSI-RS for CQI with one Rx chain on SSB symbols to be measured for RLM when performing SSB based RLM measurement with the other Rx chain, provided that the highSpeedMeasFlagFR2-r17 is configured and highSpeedDeploymentTypeFR2-r17 is bidirectional.
Proposal 6: Regarding L3 scheduling restriction, additional requirements shall be added as follows:
· In HST scenario, the power class 6 UE is able to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/CSI-RS for tracking/CSI-RS for CQI on one RX chain when performing SS-RSRP, SS-SINR or SS-RSRQ measurement on an FR2 intra/inter-frequency cell on the other RX chain, provided that the highSpeedMeasFlagFR2-r17 is configured and highSpeedDeploymentTypeFR2-r17 is bidirectional.
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