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1. Introduction
In RAN#95e meeting, the Rel-18 FR2 multi-RX DL reception work item was approved [1] and in RAN#96e meeting the objectives were revised by updating relevant RF objective for spherical coverage [2]. And then in RAN#98e meeting, the RRM objectives contained in the WID were revised, which is provided as following [3]. 
	· Introduce necessary requirement(s) for enhanced FR2-1 UEs with simultaneous DL reception from different directions with different QCL TypeD RSs on a single component carrier
· Enhanced RRM requirements:
· The following requirements should be studied and specified if necessary:
· L1-RSRP measurement delay
· RLM and BFD/CBD requirements
· Scheduling/measurement restrictions
· TCI state switching delay with dual TCI
· Receive timing difference between different directions (different QCL Type D RSs)

NOTEs:
· The case of single TCI is handled as a second priority. Additional aspects related to single TCI can be further revisited.
· The work on L3 measurement related aspects for scheduling/measurement restriction requirements is not precluded.
· Further check in RAN #100 whether to include other L3 measurement related aspects and objectives subject to RAN4 progress.


During the RAN4#106 meeting, the RRM requirements for scheduling/measurement restrictions have been discussed but without agreement. In this contribution, we would like to further provide our analysis on the remaining issues.
2. Discussion
2.1 Scheduling restrictions for L1-measurement
In current TS 38.133, the scheduling restrction requirements are specified for SSB-based and CSI-RS-based L1-measurements containing RLM, BFD, CBD and L1-RSRP/LI-SINR, and for purpose that UE cannot receive/transmit RSs and data simultaneously. At the same time, in current TS 38.214, some collision handling rules are specified if multiple DL channels (PDCCH+PDCCH, PDSCH+PDCCH) are transmitted simultaneously from same CC/different CCs in the same frequency band with different QCL assumptions. Since the scheduling restriction requirements defined for all the L1-measurements are almost the same, we take L1-RSRP as example to analyze the requirements, shown in below  
	Scheduling availability of UE performing L1-RSRP measurement on FR2
The following scheduling restriction applies due to L1-RSRP measurement.
-	For the case where RS for L1-RSRP measurement is CSI-RS which is QCLed with active TCI state for PDCCH/PDSCH and not in a CSI-RS resource set with repetition ON, and N=1 applies as specified in clause 9.5.4.2
-	There are no scheduling restrictions due to L1-RSRP measurement performed based on the CSI-RS.
-	In non-HST scenario, for FR2-1 or the reference symbols to be measured for L1-RSRP is not using 480 kHz SCS or 960 kHz SCS on FR2-2, tthe 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/or
-	symbols corresponding to the periodic CSI-RS resource configured for L1-RSRP measurement, and/or
-	symbols corresponding to the semi-perssitent CSI-RS resource configured for L1-RSRP measurement when the resource is activated, and/or
-	symbols corresponding to the aperiodic CSI-RS resource configured for L1-RSRP measurement when the reporting is triggered.
[…]


By digging into the legacy requirement definition, the key condition for no scheduling restriction is that 1) The RS for L1-RSRP measurement is CSI-RS;2) The CSI-RS is QCLed with active TCI state for PDCCH/PDSCH;3) The CSI-RS sources in a resource set configured with repetition set to OFF.
For multi-Rx simultaneous reception with Rel-17 group based reporting : Combining the following QCL relationship 
	For the DM-RS of PDSCH, the UE shall expect that a TCI-State or DLorJointTCIState except an indicated DLorJointTCIState indicates one of the following quasi co-location type(s):
-	'typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'typeD' with the same CSI-RS resource, or
-	'typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'typeD' with a CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition,or
-	typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured without higher layer parameter trs-Info and without higher layer parameter repetition and, when applicable, 'typeD' with the same CSI-RS resource.


and taking into account that the following cases:
2.1.1CSI-RS resource+data
1) Both CSI-RS resource set is configured with repetition OFF. 
There are no scheduing restrictions. Since UE does not need to sweep the beam, and can perform L1-RSRP measurment and data reception simultaneously on the pair (CSI-RS resouce #1, CSI-RS resouce #2) with known Rx beam information 
[image: ]
Figure 1. Illustration of CSI-RS resource set configured with repetition OFF
2) CSI-RS resource set is configured with repetition ON
Our preference is that there are no scheduing restrictions as well. The reasons are:
· The CSI-RS with repetition ON is for beam refinement. UE may assume that the CSI-RS resources within the resource set are transmitted with the same downlink spatial domain transmission filter and are TDMed.
· For one panel reception, scheduling restriction for CSI-RS resource set configured with repetition ON should be always applied in FR2, since for the resource set configured with repetition ON, UE is supposed to sweep Rx beam across all the CSI-RS resources in the set, and there is no guarantee that UE will always use the same Rx beam on a specific resource.
· But for multi-Rx chain enabled UE with Rel-17 group-based reporting. As long as the two RSs/beams reported are the beam pair in the same group, they can be simultaneouly received by UE without concerning on the Rx beam sweeping issue
Proposal 1:For multi-Rx Chain enabled UE, if the CSI-RS for L1-measurement and the CSI-RS for TCI state for PDCCH/PDSCH has been paired in the group that UE can receive simultaneously, no scheduling restriction is needed
2.1.2SSB resource+data
The collision handling rules are specified in TS 38.214 if SS/PBCH and PDCCH/PDSCH are transmitted in the same OFDM symbol(s), shown in below
	If the UE receives the DM-RS for PDSCH and an SS/PBCH block in the same OFDM symbol(s), then the UE may assume that the DM-RS and SS/PBCH block are quasi co-located with 'typeD', if 'typeD' is applicable. Furthermore, the UE shall not expect to receive DM-RS in resource elements that overlap with those of the SS/PBCH block, and the UE can expect that the same or different subcarrier spacing is configured for the DM-RS and SS/PBCH block in a CC except for the case of 240 kHz where only different subcarrier spacing is supported.
If at least one TCI codepoint indicates two TCI states and the UE receives the DM-RS for PDSCH and an SS/PBCH block in the same OFDM symbol(s), then the UE may assume that at least one DM-RS port for the PDSCH and SS/PBCH block are quasi co-located with 'QCL-TypeD', if 'QCL-TypeD' is applicable.
If the UE is configured by higher layer parameter PDCCH-Config that contains two different values of CORESETPoolIndex in different ControlResourceSets, and the UE receives the DM-RS for PDSCH(s) and an SS/PBCH block in the same OFDM symbol(s), then the UE may assume that at least one DM-RS port for the PDSCH(s) and SS/PBCH block are quasi co-located with 'QCL-TypeD', if 'QCL-TypeD' is applicable.


The above rules are defined based on single TRP scenario. However, in mTRP scenario, the SS/PBCH and PDSCH/PDCCH can be transmitted from different directions. For the UE capable of supporting simultaneous reception with different QCL type-D, the legacy scheduling restriction rule can be relaxed. Since based on group based reporting, as long as the two RSs/beams, one for SSB L1-measurement, the other for PDSCH/PDCCH are the beam pair that can be received simultaneously, UE can perform beam sweeping for SSB measurement and form a fixed Rx beam for PDSCH on separate panels, respectively with relaxed scheduling restriction.
Proposal 2:For multi-Rx chain enabled UE in mTRP scenario, RAN4 to define scheduling availability requirements of UE performing SSB based L1-RSRP measurement on FR2
simultaneousRxDataSSB-DiffNumerology
In FR1, the simultaneousRxDataSSB-DiffNumerology would affect the consideration of scheduling availability requirement, shown as below
	For UEs which support simultaneousRxDataSSB-DiffNumerology [14] there are no restrictions on scheduling availability due to L1-RSRP measurement based on SSB as RS for L1-RSRP measurement. For UEs which do not support simultaneousRxDataSSB-DiffNumerology [14] the following restrictions apply due to L1-RSRP measurement based on SSB configured for L1-RSRP measurement.
-	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.


Observation 1: In FR1, for SSB + data case, simultaneousRxDataSSB-DiffNumerology would have impact on the consideration of scheduling availability requirement.
However, whether to introduce and reuse simultaneousRxDataSSB-DiffNumerology in R18 multi-panel WI is still under discussion without conclusions yet.
Proposal 3: For FR2 multi-Rx simultaneous reception enabled UE, RAN4 to discuss whether UE capability simultaneousRxDataSSB-DiffNumerology have impact on scheduling restriction requirements for SSB + data case
2.2 Measurement restrictions
The measurement restriction requirements specified in TS 38.133 is for the purpose of handling the collision issue that two RSs configured for L1 measurements cannot be measured simultaneously. The requirements are specified for SSB-based and CSI-RS-based L1-measurements containing RLM, BFD, CBD and L1-RSRP/LI-SINR. And the CSI-RS contains CSI-RS in a resource set configured with repetition ON, and CSI-RS in a resource set configured with repetition OFF. We take L1-RSRP as example to analyze the requirements, following measurement restrictions are specified in the spec..
	Measurement restriction for SSB based L1-RSRP
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.
Measurement restriction for CSI-RS based L1-RSRP
For FR2, when the CSI-RS for L1-RSRP measurement on one CC is in the same OFDM symbol as SSB for RLM, BFD or L1-RSRP measurement on the same CC or different CCs in the same band, or in the same symbol as SSB for CBD measurement on the same CC or different CCs in the same band when beam failure is detected, UE is required to measure one of but not both CSI-RS for L1-RSRP measurement and SSB. Longer measurement period for CSI-RS based L1-RSRP measurement is expected, and no requirements are defined.
For FR2, when the CSI-RS for L1-RSRP measurement on one CC is in the same OFDM symbol as another CSI-RS for RLM, BFD, CBD or L1-RSRP measurement on the same CC or different CCs in the same band,
-	In the following cases, UE is required to measure one of but not both CSI-RS for L1-RSRP measurement and the other CSI-RS. Longer measurement period for CSI-RS based L1-RSRP measurement is expected, and no requirements are defined.
-	The CSI-RS for L1-RSRP measurement or the other CSI-RS in a resource set configured with repetition ON, or 
-	The other CSI-RS is configured in q1 and beam failure is detected, or
-	The two CSI-RS-es are not QCL-ed w.r.t. QCL-TypeD, or the QCL information is not known to UE,
-	Otherwise, UE shall be able to measure the CSI-RS for L1-RSRP measurement without any restriction.


2.2.1 CSI-RS+CSI-RS
For multi-Rx chain simultaneous reception enabled UE with group-based beam reporting. As long as the two RSs/beams (CSI-RSs) reported are the beam pair in the same group, they are expected to be used for simultaneous transmission from two TRPs towards the UE. At this time, no measurement restriction is needed. That is to say, for FR2 multi-Rx chain simultaneous reception enabled UE with group-based beam reporting, when the CSI-RS for L1-RSRP measurement from one TRP on one CC is in the same OFDM symbol as another CSI-RS from another TRP for RLM, BFD, CBD or L1-RSRP measurement on the same CC or different CCs in the same band, UE is able to measure both CSI-RS for L1-RSRP measurement.
Besides, for multi-DCI based multi-TRP DL transmission, it may require that any TCI state selected from the TCI states activated for one TRP can be simultaneously received with any TCI state selected from the TCI states activated for the other TRP. From this, we have the following proposal:
Proposal 4: If UE supports simultaneous reception, the measurement restriction for CSI-RS based L1-measurement in mDCI mTRP scenario can be:
· UE can receive/measure the CSI-RS for RLM/BFD/CBD/L1-RSRP from one TRP and receive/ measure the CSI-RS for RLM/BFD/CBD/L1-RSRP from the other TRP simultaneously, where the two CSI-RSs are QCL-ed with the activated TCI sates for simultaneous reception
2.2.2 SSB+ CSI-RS
The simultaneousRxDataSSB-DiffNumerology would also affect the consideration of scheduling availability requirement, shown as below
	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.


Proposal 5: For FR2 multi-Rx simultaneous reception enabled UE, RAN4 to discuss whether UE capability simultaneousRxDataSSB-DiffNumerology have impact on scheduling restriction requirements for SSB + CSI-RS case 
3. Conclusion
In this contribution, we provided our viewpoints on the scheduling/measurement restrictions for this work item, accordingly the following observations and proposals are obtained: 
Observation 1: In FR1, for SSB + data case, simultaneousRxDataSSB-DiffNumerology would have impact on the consideration of scheduling availability requirement.
Proposal 1:For multi-Rx Chain enabled UE. If the CSI-RS for L1-measurement and the CSI-RS for TCI state for PDCCH/PDSCH has been paired in the group that UE can receive simultaneously, no scheduling restriction is needed
Proposal 2:For multi-Rx chain enabled UE in mTRP scenario, RAN4 to define scheduling availability requirements of UE performing SSB based L1-RSRP measurement on FR2
Proposal 3: For FR2 multi-Rx simultaneous reception enabled UE, RAN4 to discuss whether UE capability simultaneousRxDataSSB-DiffNumerology have impact on scheduling restriction requirements for SSB + data case
Proposal 4: If UE supports simultaneous reception, the measurement restriction for CSI-RS based L1-measurement in mDCI mTRP scenario can be:
· UE can receive/measure the CSI-RS for RLM/BFD/CBD/L1-RSRP from one TRP and receive/ measure the CSI-RS for RLM/BFD/CBD/L1-RSRP from the other TRP simultaneously, where the two CSI-RSs are QCL-ed with the activated TCI sates for simultaneous reception
Proposal 5: For FR2 multi-Rx simultaneous reception enabled UE, RAN4 to discuss whether UE capability simultaneousRxDataSSB-DiffNumerology have impact on scheduling restriction requirements for SSB + CSI-RS case 
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