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1. Introduction
At the last RAN #96 meeting, the WID of Requirement for NR frequency range 2 (FR2) multi-Rx chain DL reception was approved [1] and core part discussion is started from this meeting. The objectives for RRM are duplicated 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)

NOTE:
The case of single TCI is handled as a second priority. Additional aspects related to single TCI can be further revisited.

This contribution summarizes the current FR2 RRM requirements which has improvable points by introducing multi Rx chain and proposes discussion points for this WI.
2. Discussion
2.1. Benefits of multi Rx chain for FR2
As stated in WID, the existing Rel-15 NR FR2 minimum UE requirements are defined with an assumption that UE is equipped with a single antenna panel and capable to perform DL reception using a single RX beam/chain reception. For Rel-16 and Rel-17, RRM requirements for IBM (independent beam management) with simultaneous DL reception on different component carriers were specified. However these requirements are only for NR FR2 CA case. The measurement and scheduling restrictions are still considered within one component carrier. The important issues of NR FR2 RRM are taking long time for measurements and scheduling restrictions during measurements due to analog beam forming characteristics. Thanks to the multi Rx chain architecture, UE can receive different signals simultaneously from different direction and then these measurement and scheduling restrictions can be mitigated. The possible improvable points are proposed from next subsection.
Observation 1: Thanks to the multi Rx chain architecture, UE can receive different signals simultaneously from different direction and then it can help beam related delay reduction and measurement and scheduling restrictions can be mitigated.
2.2. L1-RSRP measurement related issues
2.2.1. Measurement delay
For both SSB based and CSI-RS based L1-RSRP measurement, the measurement delay consists of following factors:
· Number of samples N
· For SSB based, N=8 (fixed value)
· For CSI-RS based, especially for periodic/semi-persistent CSI-RS resources in a resource set configured with higher layer parameter repetition set to ON, N=ceil(maxNumberRxBeam / Nres_per_set), where Nres_per_set is number of resources in the resource set. Otherwise N=1.
· Scaring factor P
For both number of samples and scaring factor, it can be relaxed if UE has multi Rx chain and receives signals from different direction because these factors are originally for UE beam sweeping consideration. Thus these factors should be studied for multi Rx chain UE.
Proposal 1: New number of samples N and scaring factor P defined in L1-RSRP measurement requirements should be studied for multi Rx UE.
2.2.2. Measurement restriction
In the current spec, following measurement restrictions are specified for both SSB based and CSI-RS based.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.
[…]
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.
[…]

These measurement restrictions are defined based on that UE cannot receive multiple RSs simultaneously. However, if UE has multi Rx chain, these restrictions can be removed or relaxed.
Proposal 2: Measurement restrictions for both SSB based and CSI-RS based L1-RSRP should be studied whether it can be removed or relaxed.
2.2.3. Scheduling availability during L1-RSRP measurement
In the current spec, following scheduling restrictions are specified for FR2-1 L1-RSRP measurement.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.
[…]
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, and/or
-	symbols corresponding to the periodic CSI-RS resource configured for L1-RSRP measurement and 1 data symbol before each periodic CSI-RS resource to be measured for L1-RSRP and 1 data symbol after each periodic CSI-RS for L1-RSRP measurement symbols to be measured for L1-RSRP, and/or
-	symbols corresponding to the semi-persistent CSI-RS resource configured for L1-RSRP measurement and 1 data symbol before each semi-persistent CSI-RS resource to be measured for L1-RSRP and 1 data symbol after each semi-persistent CSI-RS resource to be measured for L1-RSRP when the resource is activated, and/or
-	symbols corresponding to the aperiodic CSI-RS resource configured for L1-RSRP measurement and 1 data symbol before each aperiodic CSI-RS resource to be measured for L1-RSRP measurement and 1 data symbol after each aperiodic CSI-RS resource to be measured for L1-RSRP measurement when the reporting is triggered.
[…]

These scheduling restrictions are defined based on that UE cannot receive/transmit RSs and data simultaneously. However, if UE has multi Rx chain, these restrictions can be removed or relaxed.
Proposal 3: Scheduling restrictions for both SSB based and CSI-RS based L1-RSRP should be studied whether it can be removed or relaxed.
2.2.4. Study for other L1-RSRP measurement scenarios
L1-RSRP measurement requirements are specified also for L1-RSRP measurements for Reporting under CCA, L1-RSRP measurements for Reporting for RedCap, L1-RSRP measurements for Reporting for satellite access, and L1-RSRP measurements for a cell with different PCI from serving cell. Since these requirements are specified based on the normal scenario, they should be discussed later.
Proposal 4: The study for L1-RSRP measurements for Reporting under CCA, for RedCap, for satellite access, and for a cell with different PCI from serving cell should be discussed later based on the normal case agreements.
2.3. L3 measurement delay
2.3.1. Cell Re-selection delay
About L3 measurement delay, there are several scaling factors related to FR2 beam sweeping as well. During cell re-celection procedure, UE measures candidata cell quality (SS-RSRP/SS-RSRQ). The minimum requirement of the evaluation durations are defined by DRX cycle length with a number of samples N1. The same reason of L1-RSRP measurement, it should be studied for multi Rx UE whether the N1 value can be reduced or not.
Proposal 5: New N1 value for cell re-selection should be studied for multi Rx UE.
2.3.2. Scaling factor for intra-frequency measurement/inter-frequency measurement without gap
For intra-frequency measurement and inter-frequency measurement without gap, the scaling factor of Klayer1_measurement is specified as follows.For FR2,
	Klayer1_measurement=1, 
-	if all of the reference signals configured for RLM, BFD, CBD or L1-RSRP for beam reporting on any FR2 serving frequency in the same band outside measurement gap are not fully overlapped by intra-frequency SMTC occasions, or 
-	if all of the reference signal configured for RLM, BFD, CBD or L1-RSRP for beam reporting on any FR2 serving frequency in the same band outside measurement gap and fully-overlapped by intra-frequency SMTC occasions are not overlapped with any of the SSB symbols and the RSSI symbols, and 1 symbol before each consecutive SSB symbols and the RSSI symbols, and 1 symbol after each consecutive SSB symbols and the RSSI symbols, given that SSB-ToMeasure and SS-RSSI-Measurement are configured, where SSB symbols are indicated by SSB-ToMeasure and RSSI symbols are indicated by SS-RSSI-Measurement;
	Klayer1_measurement=1.5, otherwise.
	If the above-mentioned reference signal configured for L1-RSRP measurement is aperiodic CSI-RS resource, longer cell identification delay would be expected.

This scaling factor Klayer1_measurement is also introduced because of FR2 analog beamcharacteristics. Therefore if UE has multi Rx chain, it can be removed or relaxed.
Proposal 6: Scaling factor Klayer1_measurement should be studied whether it can be removed or relaxed.
2.4. RLM and BFD/CBD requirements
The basic structure of measurement requirements for RLM and BFD/CBD are same as that of L1-RSRP measurements. Therefore the same studies for L1-RSRP measurements are needed for specifying the requirements for multi Rx UE.
Proposal 7: New number of samples N and scaring factor P defined in RLM and BFD/CBD requirements should be studied for multi Rx UE.
Proposal 8: Measurement restrictions for both SSB based and CSI-RS based RLM and BFD/CBD should be studied whether it can be removed or relaxed.
Proposal 9: Scheduling restrictions for both SSB based and CSI-RS based RLM and BFD/CBD should be studied whether it can be removed or relaxed.
Proposal 10: The study for RLM and BFD/CBD under CCA, for RedCap, for satellite access, and for a cell with different PCI from serving cell should be discussed later based on the normal case agreements.
In addition for BFD/CBD, the requirements for multi TRP case are sepalately specified with multi TRP specific parameters. Especially the scaling factor PTRP is defined as fixed value 2 if resource set of each TRP are overlapped. This value can be relaxed when UE has multi Rx chain.
Proposal 11: The scaling factor PTRP should be studied for multi Rx UE whether it can be relaxed.
2.5. TCI state switching delay with dual TCI
TCI state switching delay is defined for three cases, MAC-CE based, DCI based, and RRC based and also known/unknown condition is specified. These requirements can be modified for multi Rx chain UE, e.g. how to evaluate known/unknown condition by using multi Rx chain, how to define TCI state change delay by the cases that dedicated Rx chain is used, partial Rx chains are used, or all Rx chains are used.
Proposal 12: Study whether TCI state switching delay can be modified or not for multi Rx chain UE, e.g. how to evaluate known/unknown condition by using multi Rx chain, how to define TCI state change delay by the cases that dedicated Rx chain is used, partial Rx chains are used, or all Rx chains are used.
2.6. Receive timing difference between different directions (different QCL Type D RSs)
As stated in the WID, the scope of this work is on a single component carrier. However the MRTD requirements specify the time difference between carriers and also existing spec says that the current requirements are also applicable when UE is configured to receive multiple PDSCH transmission occasions from one or more QCL sources on any one of the aggregated NR carriers. Thus, we need more clarification what is the scope of this item and discuss whether existing spec can be modified for multi Rx chain UE or not under the clarified scope.
Proposal 13: Clarify the scope of this item and discuss whether existing spec can be modified for multi Rx chain UE or not under the clarified scope for receive timing difference between different directions.
3. Conclusion
In this contribution, we proposed our views on FR2 multi Rx chain DL reception requirements.
Observation 1: Thanks to the multi Rx chain architecture, UE can receive different signals simultaneously from different direction and then it can help beam related delay reduction and measurement and scheduling restrictions can be mitigated.
Proposal 1: New number of samples N and scaring factor P defined in L1-RSRP measurement requirements should be studied for multi Rx UE.
Proposal 2: Measurement restrictions for both SSB based and CSI-RS based L1-RSRP should be studied whether it can be removed or relaxed.
Proposal 3: Scheduling restrictions for both SSB based and CSI-RS based L1-RSRP should be studied whether it can be removed or relaxed.
Proposal 4: The study for L1-RSRP measurements for Reporting under CCA, for RedCap, for satellite access, and for a cell with different PCI from serving cell should be discussed later based on the normal case agreements.
Proposal 5: New N1 value for cell re-selection should be studied for multi Rx UE.
Proposal 6: Scaling factor Klayer1_measurement should be studied whether it can be removed or relaxed.
Proposal 7: New number of samples N and scaring factor P defined in RLM and BFD/CBD requirements should be studied for multi Rx UE.
Proposal 8: Measurement restrictions for both SSB based and CSI-RS based RLM and BFD/CBD should be studied whether it can be removed or relaxed.
Proposal 9: Scheduling restrictions for both SSB based and CSI-RS based RLM and BFD/CBD should be studied whether it can be removed or relaxed.
Proposal 10: The study for RLM and BFD/CBD under CCA, for RedCap, for satellite access, and for a cell with different PCI from serving cell should be discussed later based on the normal case agreements.
Proposal 11: The scaling factor PTRP should be studied for multi Rx UE whether it can be relaxed.
Proposal 12: Study whether TCI state switching delay can be modified or not for multi Rx chain UE, e.g. how to evaluate known/unknown condition by using multi Rx chain, how to define TCI state change delay by the cases that dedicated Rx chain is used, partial Rx chains are used, or all Rx chains are used.
Proposal 13: Clarify the scope of this item and discuss whether existing spec can be modified for multi Rx chain UE or not under the clarified scope for receive timing difference between different directions.
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