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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the RAN#98-e meeting, the revised WID [1] for FR2 multi-Rx chain DL reception was approved. There is update for the RRM requirements objectives as follows. 
	· 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
· L3 measurement delay (both cell detection delay and measurement period can be considered)
· The starting point is the enhancements related to L1-RSRP measurement enhancements
· 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.


Scheduling restrictions and measurement restrictions due to L1 measurements have been discussed for several meetings. It still needs further study on the feasibility and necessity according to WF [2]. In addition, scheduling/measurement restriction requirements due to L3 measurements can also be discussed and specified if needed according to revised WID.
In this contribution, we further provide our views on scheduling restrictions and measurement restrictions due to L1 measurements and L3 measurements for FR2 multi-Rx chain DL reception.
2. Discussion
2.1 measurement restriction for L1 measurements
In existing specification, measurement restriction requirements are specified for SSB based and CSI-RS based L1 measurements, including RLM, BFD, CBD and L1-RSRP measurements. The requirements are basically the same for all the L1 measurements. Thus, we take measurement restriction requirements for L1-RSRP measurement as example. It is specified in TS 38.133 as follows.
For SSB based L1-RSRP measurement, 
	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.


For CSI-RS based L1-RSRP measurement,
	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.


For SSB based measurements, Rx beam sweeping is always assumed. The measurement restriction is mainly due to Rx beam sweeping for SSB based L1 measurement. If CSI-RS for RLM, BFD, CBD or L1-RSRP measurement is on the same OFDM symbol as the SSB for L1-RSRP measurement, Rx beams for CSI-RS and for SSB could be different. In this case, UE cannot perform both the measurements at the same time. On the other hand, Rx beams for the CSI-RS and SSB could happen to be the same, depending on how Rx beam sweeping is scheduled. In this case, the UE can do the measurements both simultaneously. In existing legacy requirements, the UE is required to measure one of but not both of the measurements.
Therefore, for legacy UE concurrent measurements on the same OFDM symbol in FR2 can only be done when same Rx beam is used for reception. For the cases when Rx beam sweeping is needed, measurement restriction will apply.
For UE with multi-Rx chain for DL reception, there could be higher possibility of concurrent measurements on the same OFDM symbol. As long as the Rx beams for the two L1 measurements happen to be the beam pair that the UE can be used for simultaneous reception, there could be no measurement restriction. However, this may not always be guaranteed.
An example is given in Fig 1. For CSI-RS based L1 measurements, we assume fixed Rx beam is used (no Rx beam sweeping). For SSB based L1 measurements, Rx beam sweeping is performed.
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Fig 1. Concurrent measurements of colliding RSs on the same OFDM symbol
[bookmark: _Hlk127368827]It can be seen from Fig 1 that UE may not always be possible to perform concurrent measurements even if the UE is equipped with multi-Rx chain. During occasion #1, different Rx beam is used for SSB and CSI-RS. The two beam directions may be covered by one antenna module, which means the UE may not be able to receive the SSB and CSI-RS simultaneously. During occasion #2, the Rx beam used for SSB and CSI-RS are the same. Even the legacy UE without multi-Rx chain can perform concurrent measurements. During occasion #3, the two beam directions could be covered by two antenna panels, which means the UE is able to receive the SSB and CSI-RS simultaneously and perform concurrent measurements.
There could be three options for measurement restriction requirements for L1 measurements for multi-Rx UE.
· Option 1: Legacy measurement restriction requirements for L1 measurements apply for multi-Rx UE
· Option 2: To specify that for multi-Rx UE it is required to measure both SSB and CSI-RS on the same OFDM symbol for L1 measurements when possible
· Option 3: FFS under what conditions multi-Rx UE is able to measure both SSB and CSI-RS on the same OFDM symbol for L1 measurements
Option 1 and option 2 could mean that it is up to UE implementation when concurrent measurements are performed for multi-Rx UE. Option 2 just provides explicit guidance in the spec. In addition, for simultaneous reception of different QCL type-D RSs for concurrent L1 measurements, network is not necessarily to know which beam direction is used for which RS measurement as it is up to UE implementation. 
Observation 1: The UE may not always be possible to perform concurrent L1 measurements even if the UE is equipped with multi-Rx chain.
Proposal 1: Three options could be considered for defining measurement restriction requirements for multi-Tx UE
· Option 1: Legacy measurement restriction requirements for L1 measurements apply for multi-Rx UE
· Option 2: To specify that for multi-Rx UE it is required to measure both SSB and CSI-RS on the same OFDM symbol for L1 measurements when possible
· Option 3: FFS under what conditions multi-Rx UE is able to measure both SSB and CSI-RS on the same OFDM symbol for L1 measurements

2.2 Scheduling restriction for L1 measurements
In existing specification, scheduling restriction requirements are specified for SSB based and CSI-RS based L1 measurements, including RLM, BFD, CBD and L1-RSRP measurements. The requirements are in principle the same for all the L1 measurements. Thus, we take scheduling restriction requirements for L1-RSRP measurement as example. It is specified in TS 38.133 as follows.
	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.
-	Otherwise 
-	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, 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/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.
……


According to legacy requirements, the UE is expected to receive PDCCH/PDSCH if the CSI-RS for L1 measurements is not in a CSI-RS resource set with repetition ON and is QCL-ed with active TCI state for the PDCCH/PDSCH. It means that UE can use the same Rx beam for CSI-RS and PDCCH/PDSCH reception. This is similar to measurement restriction.
For multi-Rx chain UE, the case for no scheduling restriction can be extended. Similar to measurement restriction, if the CSI-RS for L1 measurements and active TCI state for PDCCH/PDSCH are the beam pair that UE can receive simultaneously, the UE can measure CSI-RS and receive PDCCH/PDSCH simultaneously and no scheduling restriction is needed.
Different than measurement restriction, the beam pair information should be known to NW so that NW can schedule the UE correctly. This could be based on group-based beam reporting.
If there are two CSI-RSs for different L1 measurements, e.g., for L1-RSRP and for BFD, on the same OFDM symbol and UE is only measure one the of the CSI-RS due to measurement restriction, the NW may not schedule the UE correctly as it is not known to NW which CSI-RS the UE is measuring. The active TCI state for PDCCH/PDSCH may not be beam pair with CSI-RS the UE is measuring. Furthermore, UE may measure the two CSI-RSs when possible. In this case, scheduling restriction should apply.
Proposal 2: Similar to measurement restriction, if the CSI-RS for L1 measurements and active TCI state for PDCCH/PDSCH are the beam pair that UE can receive simultaneously, the multi-Rx UE can measure CSI-RS and receive PDCCH/PDSCH simultaneously and no scheduling restriction is needed.
Proposal 3: If there are two CSI-RSs for L1 measurements on the same OFDM symbol, multi-Rx UE may measure one or both of the CSI-RSs and scheduling restriction should apply.

2.2 Scheduling restriction for L3 measurements
In revised WID [1], scheduling restriction enhancement for L3 measurements for multi-Rx UE are in the scope. In existing specification, scheduling restriction requirements for L3 measurements are specified for intra-frequency/inter-frequency measurement without gaps. 
For example, the scheduling restriction for intra frequency measurement without gaps is specified in TS 38.133 as follows.
	The following scheduling restriction applies due to SS-RSRP or SS-SINR measurement on an FR2 intra-frequency cell
[bookmark: _Hlk127375514]-	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.
……


The L3 measurement are always performed with Rx beam sweeping. So, there is always scheduling restriction on all SSB symbols and depending on whether deriveSSB-IndexFromCell is enabled or not and SCS, other symbols in SMTC may also not be expected to be scheduled.
In our view, the scheduling restriction requirements for L3 measurements without gaps cannot be enhanced for multi-Rx UE. The Rx beam used for L3 measurements is changing from SMTC to SMTC due to Rx beam sweeping and it is not known to NW. NW cannot guarantee the scheduled data can be received by UE together with SSB symbols simultaneously. 
Proposal 4: Scheduling restriction requirements for L3 measurements without gaps cannot be enhanced for multi-Rx UE.

3. Summary
[bookmark: _Hlk23953093]In this contribution, we further provided views on measurement restriction/scheduling restriction for L1/L3 measurements. Following proposals and observations are present.

Observation 1: The UE may not always be possible to perform concurrent L1 measurements even if the UE is equipped with multi-Rx chain.
Proposal 1: Three options could be considered for defining measurement restriction requirements for multi-Tx UE
· Option 1: Legacy measurement restriction requirements for L1 measurements apply for multi-Rx UE
· Option 2: To specify that for multi-Rx UE it is required to measure both SSB and CSI-RS on the same OFDM symbol for L1 measurements when possible
· Option 3: FFS under what conditions multi-Rx UE is able to measure both SSB and CSI-RS on the same OFDM symbol for L1 measurements
Proposal 2: Similar to measurement restriction, if the CSI-RS for L1 measurements and active TCI state for PDCCH/PDSCH are the beam pair that UE can receive simultaneously, the multi-Rx UE can measure CSI-RS and receive PDCCH/PDSCH simultaneously and no scheduling restriction is needed.
Proposal 3: If there are two CSI-RSs for L1 measurements on the same OFDM symbol, multi-Rx UE may measure one or both of the CSI-RSs and scheduling restriction should apply.
Proposal 4: Scheduling restriction requirements for L3 measurements without gaps cannot be enhanced for multi-Rx UE.
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