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Introduction
In R18, a new WID on NR FR2 multi-Rx chain DL reception has been approved and RAN4 needs to study the impacts on the following RRM requirements.
· L3 measurements
· L1-RSRP measurements
· RLM and BFD/CBD measurements
· Scheduling/measurement restrictions
· Dual TCI state switch
· Receive timing difference between different directions
In this contribution, we provide the initial discussion on RRM impacts due to NR FR2 multi-Rx chain DL reception.
Discussion
L3 measurements
In FR2, UE is assumed to use rough beam for L3 measurements and use fine beam for L1 measurements and data receptions. For this WID, the UEs is assumed to be capable of simultaneous DL reception from different directions with different QCL-TypeDs on a single component. Whether rough beam or fine beam is assumed for simultaneous DL reception with different directions needs to be studied in RAN4. For this WID, dual TCI state switching is considered for enhanced FR2 UEs in R18, which means that the UE can receive data with two different Rx beams on a single component. So, it is suggested that UE is capable of simultaneous DL reception from different directions with fine beam, which means that UE is assumed to perform simultaneous data receptions with different beam directions or perform simultaneous L1 measurements with different beam directions.
[bookmark: OLE_LINK232][bookmark: OLE_LINK233][bookmark: OLE_LINK665][bookmark: OLE_LINK666][bookmark: OLE_LINK667]Proposal 1: In R18, UE is assumed to perform simultaneous data receptions with different beam directions or perform simultaneous L1 measurements with different beam directions.
The enhancements on simultaneous DL reception with different directions is suggested for fine beam and not for rough beam. The assumption that UE is not required to perform L3 measurements and L1 measurements simultaneously in FR2 still needs to be kept in R18. The current L3 measurement requirements are still applicable for enhanced FR2 UEs with simultaneous DL reception from different beam directions.
Proposal 2: In R18, the enhanced UE in FR2 is still not required to perform L3 measurements and L1 measurements simultaneously.
Proposal 3: In R18, it is suggested that the existing L3 measurements can be reused for FR2 UEs capable of simultaneous DL reception from different directions.
L1-RSRP measurements
As we suggest that simultaneous L1 measurements with different beam directions can be considered for multi-TRP scenario in R18, RAN4 can investigate the scenarios in which simultaneous L1-RSRP measurements on RSs from different TRPs can be assumed.
In FR2, UE is usually equipped with multiple panels to provide all beam directions coverage, where one panel provide partial beam directions coverage. The existing UE is required to perform simultaneous DL receptions from single beam direction. So, the existing UE only needs to activate one panel at a time for DL receptions from one beam direction. In R18, the enhanced FR2 UE needs to activate multiple panels at a time for simultaneous DL receptions from multiple beam directions. However, UE could not activate one panel at a time for multiple beams. UE may not support simultaneous DL receptions on any combination of multiple beams.
Observation 1: UE may not support to perform simultaneous DL receptions on any combination of multiple beams.
Beam sweeping is always assumed for SSB based L1-RSRP measurements, and the beam sweeping pattern for SSB of one TRP could be either on the same panel or cross multiple panels.
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Figure 1: Example of UE beam sweeping patterns for multi-TRP
Figure 1 shown one example of UE beam sweeping patterns for SSBs from different TRPs. UE is equipped with two panels to provide all beam directions coverage. Panel#1 can be activated for one beam direction among Beams #1~#12, and Panel#2 can be activated on one beam direction among Beams #13~#24. UE performs beam sweeping on Beams {#1~#4, #21~#24} for TRP1 and performs beam sweeping on Beams {#5~#12} for TRP2. UE beam sweeping patterns for two TRPs on each occasions can be shown as follow:
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UE could not perform simultaneous L1 measurements for two TRPs on occasions #5~#8 due to that beam pair for two TRPs is on the same panel. For this case, UE needs 12 occasions for one beam sweeping cycle for both two TRPs, and the sharing factors PSC and PCDP shall be defined as 1.5.
Proposal 4: In R18, RAN4 needs to study the conditions when UE is able to perform simultaneous L1-RSRP measurements on two RSs from different TRPs, and investigate the impacts on sharing factors PSC and PCDP.
RLM and BFD/CBD measurements
For RLM measurements, the RLM-RS resources are cell-specific configured. For BFD/CBD measurements, UE can be configured with either cell-specific BFR or TRP-specific BFR. For RLM and cell-specific BFR, there is no association between RLM-RS and TRP. For TRP-specific BFR, both BFD and CBD measurements are configured with two RS resource sets for different TRPs, and each BFD-RS set is mapping to one CBD-RS set. In R17, UE is not assumed to perform simultaneously BFD/CBD measurements on different TRPs. So, the sharing factors PTRP is introduced for TRP-specific BFD/CBD measurements. When BFD/CBD RS resources from different sets are overlapped, the sharing factor PTRP is defined as 2, based on the assumption that UE is not required to perform BFD/CBD measurements simultaneously for different TRPs. RAN4 also can consider the enhancements on simultaneous L1-RSRP measurements on two RSs from different sets. Similar as L1-RSRP measurements, the conditions for applying simultaneous L1-RSRP measurements shall also be investigated.
Proposal 5: In R18, the enhancement on simultaneous BFD/CBD measurements on two RSs from different resource sets can be considered.
Proposal 6: In R18, RAN4 needs to study the conditions when UE is able to perform simultaneous BFD/CBD measurements on two RSs from different resource sets, and investigate the impacts on sharing factor PTRP.
Scheduling/measurement restrictions
The scheduling availability requirements specify the restricted symbols due to L3 or L1 measurements. The simultaneous multi-beam DL reception is assumed for fine beam direction. The enhanced FR2 UE is still not required to perform L3 measurements with rough beam and data reception with fine beam simultaneously in FR2. The existing scheduling availability requirements of L3 measurements can be applied for UE capable of simultaneous DL reception from different directions in FR2. 
Proposal 7: In R18, the existing scheduling restriction requirements for L3 measurements can be reused for the UE supporting simultaneous DL reception from different direction in FR2.
For L1 measurements, scheduling restrictions on SSB resource are always applied due to beam sweeping for SSB source in FR2, and scheduling restrictions on CSI-RS resource are applied when CSI-RS resource is not QCL typed with PDCCH/PDSCH. The same principles also can be reused when UE supporting simultaneous DL receptions from different beam directions.
Proposal 8: In R18, the existing scheduling restriction principles for L1 measurements can be reused for the UE supporting simultaneous DL reception from different direction in FR2.
Dual TCI state switch
One of the objective it to define TCI state switching delay with dual TCI to support simultaneous DL reception from different directions with different QCL typeD. In Rel-15/16, MAC-CE /DCI/RRC-based TCI state switch of PDCCH/PDSCH is considered, and unified TCI state switching delay requirements are define in Rel-17. In legacy requirements, only single TCI state switching is taken in to account. For UE supporting simultaneous reception on single carriers from two directions, it is beneficial that gNB can switch dual TCI simultaneously, and UE can receive data via new TCI states with shorter switching delay. 
In Rel-17 FeMIMO, unified TCI is mainly focusing on single TRP and it is not jointly considered with mTRP scenarios. The extension of unified TCI to mTRP is in the scope of Rel-18 MIMO WI. Thus, dual TCI state switching delay requirements shall base on Rel-15/16 TCI framework.
Proposal 9: Dual TCI state switching delay requirements shall base on Rel-15/16 TCI framework.
We would like to further discuss the feasible scenarios to enable the dual TCI switch. For PDCCH, the TCI state can be updated by dedicate MAC CE as follows.
	TCI State Indication for UE-specific PDCCH MAC CE




In Rel-17, enhanced TCI state indication is introduced for SFN case where 2 TCI sates of PDCCH can be updated via single MAC CE as follows.
	Enhanced TCI States Indication for UE-specific PDCCH MAC CE




Observation 2: For dual TCI state switch of PDCCH, for non-SFN scenario, each TCI is updated by single MAC CE; for SFN case, dual TCI can be updated by one MAC CE.
For dual TCI state switching of PDSCH, it could be further differentiated as single DCI and multiple DCI cases. For single DCI, the code point in DCI can indicate two TCI states. For multiple DCI case, the code point in each DCI is mapped to one TCI state.
Observation 3: For dual TCI state switch of PDSCH, the TCI state switching can be triggered by single DCI/Multiple DCI.
In Rel-15/16, RRC-based TCI state switching is also considered for the case where only one TCI state is configured in the RRC message. However, for dual TCI state switching, it is not supported by current spec even only two TCI states is configured as the mapping between TCI states and PDCCH is not clear.
Observation 4. RRC based Dual TCI state switching is not supported. 
Based on analysis above, it is suggested to considering following scenarios for dual TCI state switching:
PDCCH non-SFN: Two MAC CE with one for each TCI state
PDCCH SFN: single MAC CE for two TCI states
PDSCH single DCI: single DCI for two TCI states
PDSCH multiple DCI: Two DCI with one for each TCI state
Proposal 10: Define dual TCI state switching requirements for following cases:
· PDCCH non-SFN: Two MAC CE with one for each TCI state
· PDCCH SFN: single MAC CE for two TCI states
· PDSCH single DCI: single DCI for two TCI states
· PDSCH multiple DCI: Two DCI with one for each TCI state
According to the description in the WID, the targeting scenario is for UE simultaneous reception with different QCL typeD RS. It is possible that different QCL typeD RSs are receive by the same UE Rx panel or different UE panels. If RS/physical channels are received by the same panel, UE may not be able to receive simultaneously. 
Observation 5: UE may not be able to receive simultaneously if RS/physical channels with different QCL typeD are received by the same panel.
In Rel-17 FeMIMO, group based beam management is introduced where UE can report a pair of RSRP from two TRP/resource set, which is shown as follows. But it does not necessarily mean the two RSs are received in different panels. The main purpose of enabling simultaneous reception is for two panels for mTRP, thus dual TCI with QCL typeD switch which targeting the same panel of UE is not the interested scenario of the feature. 
	TS 38.214
-	if the UE is configured with the higher layer parameter groupBasedBeamReporting-r17, the UE is not required to update measurements for more than 64 CSI-RS and/or SSB resources, and the UE shall report in a single reporting instance nrofReportedRSgroup, if configured, group(s) of two CRIs or SSBRIs selecting one CSI-RS or SSB from each of the two CSI Resource Sets for the report setting, where CSI-RS and/or SSB resources of each group can be received simultaneously by the UE.


In TCI state switching requirements, the performance is verified that UE is able to be scheduled using new TCI right after the required switching delay. In other words, it is indirectly verified by demodulation performance. Thus, for core requirements and performance requirements, it should be guaranteed that two directions with different QCL typeD are received by different UE panels. 
Observation 6: The requirements shall apply provided that two directions with different QCL typeD are received by different UE panels. 
However, the detailed conditions (e.g. separation of two AoAs) shall be discussed and defined in RF.
Proposal 11: The requirements shall apply with the condition that two directions with different QCL typeD are received by different UE panels, and the conditions shall follow the conclusion in RF.
Similarly, it may also impact the definition of known TCI states. In legacy requirements, both known and unknown TCI switch requirements are defined. For unknown case, L1-RSRP measurement delay is included. However, for dual TCI state switch, if dual TCI states are configured without knowledge of UE’s beam reporting, it may happen that the configured two TCI states are ones that UE cannot receive simultaneously. Then, it doesn’t make seems to verify the performance.
Observation 7: If dual TCI states are unknown, it is possible that the configured TCI states are ones that UE cannot receive simultaneously
Proposal 12: Discuss the known conditions of dual TCI and discuss whether to define requirements for unknown dual TCI state switch.
Timing difference between different directions
Regarding the timing offset between two different panels for simultaneous reception, there is similar discussion in Rel-16 mTRP and Rel-17 L1 measurement with different PCI s where the timing difference of arrival at UE is required to be within CP length. Thus, for simultaneous reception between two directions, CP length can be taken as the baseline for discussion.
Proposal 13: The condition of receive timing difference between different directions with different TCI of QCL type-D shall take CP length as baseline.
Conclusions
This contribution provides our discussion on initial analysis on RRM impacts of NR FR2 multi-Rx chain DL reception in R18. The following are provided:
Proposal 1: In R18, UE is assumed to perform simultaneous data receptions with different beam directions or perform simultaneous L1 measurements with different beam directions.
Proposal 2: In R18, the enhanced UE in FR2 is still not required to perform L3 measurements and L1 measurements simultaneously.
Proposal 3: In R18, it is suggested that the existing L3 measurements can be reused for FR2 UEs capable of simultaneous DL reception from different directions.
Observation 1: UE may not support to perform simultaneous DL receptions on any combination of multiple beams.
Proposal 4: In R18, RAN4 needs to study the conditions when UE is able to perform simultaneous L1-RSRP measurements on two RSs from different TRPs, and investigate the impacts on sharing factors PSC and PCDP.
Proposal 5: In R18, the enhancement on simultaneous BFD/CBD measurements on two RSs from different resource sets can be considered.
Proposal 6: In R18, RAN4 needs to study the conditions when UE is able to perform simultaneous BFD/CBD measurements on two RSs from different resource sets, and investigate the impacts on sharing factor PTRP.
Proposal 7: In R18, the existing scheduling restriction requirements for L3 measurements can be reused for the UE supporting simultaneous DL reception from different direction in FR2.
Proposal 8: In R18, the existing scheduling restriction principles for L1 measurements can be reused for the UE supporting simultaneous DL reception from different direction in FR2.
Proposal 9: Dual TCI state switching delay requirements shall base on Rel-15/16 TCI framework.
Observation 2: For dual TCI state switch of PDCCH, for non-SFN scenario, each TCI is updated by single MAC CE; for SFN case, dual TCI can be updated by one MAC CE.
Observation 3: For dual TCI state switch of PDSCH, the TCI state switching can be triggered by single DCI/Multiple DCI.
Observation 4. RRC based Dual TCI state switching is not supported. 
Proposal 10: Define dual TCI state switching requirements for following cases:
· PDCCH non-SFN: Two MAC CE with one for each TCI state
· PDCCH SFN: single MAC CE for two TCI states
· PDSCH single DCI: single DCI for two TCI states
· PDSCH multiple DCI: Two DCI with one for each TCI state
Observation 5: UE may not be able to receive simultaneously if RS/physical channels with different QCL typeD are received by the same panel.
Observation 6: The requirements shall apply provided that two directions with different QCL typeD are received by different UE panels. 
Proposal 11: The requirements shall apply with the condition that two directions with different QCL typeD are received by different UE panels, and the conditions shall follow the conclusion in RF.
Observation 7: If dual TCI states are unknown, it is possible that the configured TCI states are ones that UE cannot receive simultaneously
Proposal 12: Discuss the known conditions of dual TCI and discuss whether to define requirements for unknown dual TCI state switch.
Proposal 13: The condition of receive timing difference between different directions with different TCI of QCL type-D shall take CP length as baseline.
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