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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the RANP#96-e meeting, the Revised WID: Requirement for NR frequency range 2 (FR2) multi-Rx chain DL reception [1] was approved. The objectives of the WID are as follows. 
	Objective of Core part WI
· Introduce necessary requirement(s) for enhanced FR2-1 UEs with simultaneous DL reception with two different QCL TypeD RSs on single component carrier with up to 4 layer DL MIMO
· Enhanced RF requirements:
· [bookmark: _Hlk104922953]Specify RF requirements, mainly spherical coverage requirements, for devices with simultaneous reception from different directions with different QCL TypeD RSs
· The legacy spherical coverage requirement for reception from a single direction will be kept
· PC3 will be prioritized, other power classes should be considered after the PC3 requirements framework is finalized
· 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.

Objective of Performance part WI
· 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
· RRM Performance requirements and test cases corresponding to the new core requirements
· RRM test cases to verify the UE behavior/functionalities needed to support this feature in case existing requirements are reused



In this contribution, we provide our views on RRM core requirements for NR FR2 multi-Rx chain DL reception WI.
2. Discussion

2.1 General
The main objective of the WI is to introduce necessary requirement(s) for enhanced FR2-1 UEs with simultaneous DL reception from different directions with two different QCL TypeD RSs on single component carrier to support up to 4 layers DL MIMO in multi-TRP operation scenarios. There are two scenarios as in Fig 1 being considered for multi-TRP transmissions. 
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	Single-DCI based multi-TRP transmissions
	Multi-DCI based multi-TRP transmissions


Fig 1. Scenarios for multi-TRP transmission
In general, single-DCI based multi-TRP operation is mainly used when there is ideal backhaul and multi-DCI based multi-TRP operation would be used when there is non-ideal backhaul. Both the two scenarios should be supported in the WI. 
FR2-1 UEs should have the capability of simultaneous DL receptions from different directions to support the simultaneous multi-TRP transmission scenarios. It includes simultaneous DL reception of PDSCH and/or CORESET from different directions for DL data reception and simultaneous DL reception of two different QCL type D RSs for RRM measurement for the purpose of simultaneous DL data receptions. 
For RRM measurements, it should include simultaneous reception of same or different type of RSs, e.g., CSI-RS and SSB with different QCL type D from different directions, as depicted in Fig 2. Further, the main focus would be L1 measurement requirements enhancement which could be used to support simultaneous multi-TRP transmission, e.g., obtaining suitable beam pairs for simultaneous data reception or enhanced inter-cell beam management. 
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	Fig 2. Scenarios for simultaneous reception of different QCL type D RSs



Though RRM requirements for this WI should be studied firstly according to the WID, it is not controversial to introduce L1 measurements related requirements like L1-RSRP measurement, BFD/CBD/RLM measurements etc., based on discussions in the RAN plenary. Therefore, it is proposed to at least introduce L1 measurement requirements in this WI.
Proposal 1: At least following L1 measurement requirements need to be specified for multi-Rx chain DL reception 
· L1-RSRP measurement delay
· RLM and BFD/CBD requirements
· Scheduling/measurement restrictions
· TCI state switching delay with dual TCI 
Proposal 2: Simultaneous DL reception of same or different type of RSs from different directions is supported for defining L1 measurement requirements to support multi-TRP operation.

The number of Rx chains/panels, i.e., how many beams from different directions can be received simultaneously, could have impact on RRM measurement requirements, including L1 measurements and L3 measurements. In this WI, it is assumed that UE is capable of supporting simultaneous reception from two different directions with different QCL type D RS(s).
Proposal 3: It is assumed that UE is capable of supporting simultaneous reception from two different directions with two different QCL type D RSs.

Furthermore, based on WID justification, this work item aims to introduce the requirements for UEs capable of multi-beam/chain simultaneous DL reception on a single component carrier to achieve improved RF, RRM and UE demodulation performance. 
Observation 1: Only single component carrier is considered in the WI.

It is important aspect to define RRM requirements for UE supporting simultaneous DL reception from different directions with different QCL Type D RSs how the pair of different directions are defined. It needs RAN4 discussion to figure out what different pair of directions can be used by UE for simultaneous reception, e.g., angle separation of beam pair. In our view, this aspect should be discussed in the RF session firstly. RRM session may just need to follow conclusion from RF session. 
Proposal 4: Pair of different directions with different QCL Type D RSs that UE can be used for simultaneous reception should be determined.

2.2 BFD/CBD
In Rel-17, requirements for TRP specific link recovery procedures were introduced. The UE is required to measure RS resources configured in two resource sets. Since simultaneous DL reception was not assumed/supported, the requirements were specified that UE can measure the RS resources in the two sets sequentially. 
If simultaneous DL reception is supported for UE with multi-Rx chain simultaneous reception, the BFD/CBD requirements for TRP specific link recovery procedures can be enhanced. For UE capable of simultaneous reception of different QCL type D RSs, the UE is able to measure overlapping RS resources in time domain simultaneously. Thus, TRP specific link recovery procedures can be enhanced for UE supporting multi-Rx DL reception.
Proposal 5: Requirements for TRP specific link recovery are enhanced for UE supporting multi-Rx chain simultaneous reception.

Regarding legacy requirements for link recovery procedures, RS resources for BFD/CBD can only be configured in one set, respectively. The evaluation period requirements for BFD/CBD are specified for each SSB/CSI-RS resource in the configured RS resource set. There are measurement restrictions being specified additionally that BFD/CBD measurements on one RS resource may not be performed simultaneously with measurements on other L1 measurement (BFD/CBD/L1-RSRP/RLM) RS resources. measurement restriction requirements for BFD in FR2 is as follows.
	For FR2, when the SSB for BFD 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 BFD measurement and CSI-RS. Longer measurement period for SSB based BFD measurement is expected, and no requirements are defined.
For FR2, if the network configures same or mixed numerology between SSB for BFD 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 on the other band, provided that UE is capable of independent beam management on this FR2 band pair.



For UE supporting multi-Rx chain and simultaneous DL reception, the UE may also be able to measure the two BFD-RSs/CBD-RSs, if configured, simultaneously. Therefore, the BFD/CBD requirements for measurement restrictions could be revisited and enhanced.
Similarly, scheduling restriction requirements for BFD in FR2 is as follows.
	The following scheduling restriction applies due to beam failure detection.
-	For the case where no RSs are provided for BFD, or when CSI-RS is configured for BFD is explicitly configured and is type-D QCLed with active TCI state for PDCCH or PDSCH, and the CSI-RS is not in a CSI-RS resource set with repetition ON
-	There are no scheduling restrictions due to beam failure detection performed based on the CSI-RS.
-	Otherwise
-	The UE is not expected to transmit PUCCH, PUSCH or SRS or receive PDCCH, PDSCH or CSI-RS for tracking or CSI-RS for CQI on BFD-RS resource symbols to be measured for beam failure detection.
When intra-band carrier aggregation in FR2 is performed, the scheduling restrictions on FR2 serving PCell or PSCell apply to all serving cells in the same band on the symbols that fully or partially overlap with restricted symbols.



For UE supporting multi-Rx chain and simultaneous DL reception, the UE may also be able to receive data/CSI-RS on BFD-RS symbols to be measured for BFD. Similarly, the BFD/CBD requirements for scheduling restrictions could also be revisited and enhanced. 
One additional aspect is that for scheduling restrictions/measurement restrictions there are requirements for BFD/CBD on different CCs of intra-band or inter-band. In our view, these requirements should also be enhanced for UE supporting multi-Rx chain and simultaneous DL reception though the WI is focus on single carrier operation.
Proposal 6: Requirements for scheduling restrictions and measurement restrictions for BFD/CBD are enhanced for UE supporting multi-Rx chain simultaneous reception.

2.3 L1-RSRP measurement

In Rel-17, requirements for L1-RSRP measurements for a cell with different PCI from serving cell were introduced. The number of cells with PCI different from serving cells is Nmax = 1 for FR2. Only L1-RSRP measurement on one additional cell with different PCI from serving cell is supported. The UE is not required to measure SSB for L1-RSRP measurement and SSB for L1 measurements, including RLM/BFD/CBD/L1-RSRP, on SSB from serving cell. 
If simultaneous DL reception is supported for UE with multi-Rx chain simultaneous reception, the L1-RSRP measurement requirements for a cell with different PCI from serving cell can be enhanced, e.g., from measurement restriction perspective and scheduling restriction perspective. For UE capable of simultaneous reception of different QCL type D RSs, the UE is able to measure overlapping RS resources in time domain simultaneously. Thus, measuring SSB of a cell with different PCI for L1-RSRP measurement and SSB from serving cell for L1 measurements, including RLM/BFD/CBD/L1-RSRP, on the same symbol is possible.
Proposal 7: Requirements for inter-cell L1-RSRP measurement are enhanced for UE supporting multi-Rx chain simultaneous reception.

In addition, for UE supporting multi-Rx chain and simultaneous DL reception, the UE may be able to measure SSBs from two cells with different PCI from serving cell. The number of cells for L1-RSRP measurement can be revisited. The max number of cells to be considered is 8.
Proposal 8: Number of cells with PCI different from serving cells are further discussed for UE supporting multi-Rx chain simultaneous reception and the max number of cells is 8.

For legacy L1-RSRP measurement for serving cell, requirements for measurement restrictions and scheduling restrictions can be enhanced as the UE can receive RS&RS or RS/data from different directions simultaneously. 
Proposal 9: Requirements for scheduling restrictions and measurement restrictions for inter-cell L1-RSRP measurement are enhanced for UE supporting multi-Rx chain simultaneous reception.

2.4 RLM
For RLM, there is no TRP specific requirements. The only enhancement would be on requirements of scheduling restriction and measurement restriction for UE performing RLM. Similar to BFD, some existing restrictions may not be needed anymore for UE supporting multi-Rx simultaneous reception.
Proposal 9: Requirements for scheduling restrictions and measurement restrictions for RLM measurement are enhanced for UE supporting multi-Rx chain simultaneous reception.

2.5 TCI state switching
According to the objective of the WID, TCI state switching requirements enhancement should focus on TCI state switching delay with dual TCI. To define the requirements, both R15/R16 TCI framework and R17 TCI framework, i.e., unified TCI, are considered. Only downlink TCI state switching delay enhancement is considered. For R17 unified TCI, RAN4 may need to further discuss whether to enhance the requirements for dual TCI in this WI.
For dual TCI state switching for multi-TRP operation, serval scenarios may be considered.
· Case 1: From single TCI to dual TCI switching and vice versa
· Case 2: From dual TCI to dual TCI
The requirements for Case 1 and Case2 may be the same or not.
Proposal 10: To define requirements for TCI switching delay with dual TCI, both R15/R16 TCI framework and R17 TCI framework, i.e., unified TCI, are considered for UE supporting multi-Rx chain simultaneous reception.

2.6 L3 measurement
According to the WID [1], L3 measurement delay for multi-Rx chain is kind of deprioritized.
	· 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


The enhancement should focus on L3 measurement that could be impacted by L1-RSRP measurement. For example, L3 measurement could be performed simultaneous with L1-RSRP measurement for UE supporting multi-Rx chain simultaneous reception. Then measurement period requirements for L1-RSRP measurement, including inter-cell L1-RSRP measurement requirements, can be reduced accordingly. 
For L3 only measurement, both cell detection delay and measurement period can be reduced for UE supporting multi-Rx chain simultaneous reception. However, L3 measurement delay reduction based on simultaneous measurements on reference signal from different directions is at the cost of power saving. The trade-off between L3 measurement delay reduction and power saving is not clear. Thus, if RAN4 agrees to introduce L3 measurement delay for UE supporting multi-Rx chain simultaneous reception, a new capability should be introduced different from simultaneousReceptionDiffTypeD-r16 or other L1 measurement related UE capability. 
Proposal 11: A new capability, different from simultaneousReceptionDiffTypeD-r16 or other L1 measurement related UE capability, should be introduced for L3 measurement delay reduction for UE supporting multi-Rx chain simultaneous reception.

Additionally, if L3 measurement is enhanced for UE supporting multi-Rx chain simultaneous reception, it needs discussion if it could be extended to other L3 measurement related procedures, e.g., FR2 SCell activation where cell identification is needed for unknown SCell. The FR2 SCell activation delay can be reduced by taking advantage of simultaneous reception capability for UE with multi-Rx chain. This may be discussed in R18 RRM enhancement WI or in this WI.
Proposal 12: RAN4 to discuss how FR2 SCell activation delay reduction by multi-Rx chain simultaneous reception is handled.

2.7 Receive timing difference

To support multi-DCI based multi-TRP transmissions and single-DCI based multi-TRP transmissions for 4 layer MIMO in FR2, the receive timing difference between different directions of different QCL Type D RSs should within the CP for SDM and FDM scheduling. Therefore, RTD less than CP should be considered at least.
In addition, it may not always possible for NW to guarantee that RTD for configured different QCL Type D RSs is always be within the CP. It would be beneficial to also further discuss if RTD larger than CP can be considered for defining RRM requirements.
Proposal 13: Receive time difference for configured different QCL Type D RSs is within CP.
Proposal 14: FFS receive time difference for configured different QCL Type D RSs is larger than CP.

2.8 UE capability

UE capability simultaneousReceptionDiffTypeD-r16 is defined as follows in TS 38.306.
	simultaneousReceptionDiffTypeD-r16
Indicates whether the UE supports simultaneous reception with different QCL Type D reference signal as specified in TS38.213 [11].



The UE capability only indicates supporting of simultaneous reception with different QCL type D RSs. It is not clear it can also indicates supporting of simultaneous reception with different QCL type D RS and PDSCH/PDCCH. They may require different baseband processing capabilities.
Proposal 15: RAN4 to discuss if additional UE capability for indicating supporting of simultaneous reception with different QCL type D RS and PDSCH/PDCCH is needed.

3. Summary
[bookmark: _Hlk23953093]In this contribution, we provided views on RRM core requirements for NR FR2 multi-Rx chain DL reception WI.
Proposal 1: At least following L1 measurement requirements need to be specified for multi-Rx chain DL reception 
· L1-RSRP measurement delay
· RLM and BFD/CBD requirements
· Scheduling/measurement restrictions
· TCI state switching delay with dual TCI 
Proposal 2: Simultaneous DL reception of same or different type of RSs from different directions is supported for defining L1 measurement requirements to support multi-TRP operation.

Proposal 3: It is assumed that UE is capable of supporting simultaneous reception from two different directions with two different QCL type D RSs.
Proposal 4: Pair of different directions with different QCL Type D RSs that UE can be used for simultaneous reception should be determined.
Proposal 5: Requirements for TRP specific link recovery are enhanced for UE supporting multi-Rx chain simultaneous reception.
Proposal 6: Requirements for scheduling restrictions and measurement restrictions for BFD/CBD are enhanced for UE supporting multi-Rx chain simultaneous reception.
Proposal 7: Requirements for inter-cell L1-RSRP measurement are enhanced for UE supporting multi-Rx chain simultaneous reception.
Proposal 8: Number of cells with PCI different from serving cells are further discussed for UE supporting multi-Rx chain simultaneous reception and the max number of cells is 8.
Proposal 9: Requirements for scheduling restrictions and measurement restrictions for inter-cell L1-RSRP measurement are enhanced for UE supporting multi-Rx chain simultaneous reception.
Proposal 9: Requirements for scheduling restrictions and measurement restrictions for RLM measurement are enhanced for UE supporting multi-Rx chain simultaneous reception.
Proposal 10: To define requirements for TCI switching delay with dual TCI, both R15/R16 TCI framework and R17 TCI framework, i.e., unified TCI, are considered for UE supporting multi-Rx chain simultaneous reception.
Proposal 11: A new capability, different from simultaneousReceptionDiffTypeD-r16 or other L1 measurement related UE capability, should be introduced for L3 measurement delay reduction for UE supporting multi-Rx chain simultaneous reception.
Proposal 12: RAN4 to discuss how FR2 SCell activation delay reduction by multi-Rx chain simultaneous reception is handled.
Proposal 13: Receive time difference for configured different QCL Type D RSs is within CP.
Proposal 14: FFS receive time difference for configured different QCL Type D RSs is larger than CP.
Proposal 15: RAN4 to discuss if additional UE capability for indicating supporting of simultaneous reception with different QCL type D RS and PDSCH/PDCCH is needed.
Observation 1: Only single component carrier is considered in the WI.
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