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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
A new WI on Requirement for NR frequency range 2 (FR2) multi-Rx chain DL reception [1] was approved at RAN#96. This work item aims to introduce the requirements for UEs capable of multi-beam/chain simultaneous DL reception on a single component carrier in FR2-1 from two different directions to achieve improved RF, RRM and UE demodulation performance. A UE capability for such operation has been introduced in Rel-16 (simultaneousReceptionDiffTypeD-r16) [TS 38.306], as shown below. However, no RF, RRM, or performance requirements were defined in Rel-16 or Rel-17.
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	simultaneousReceptionDiffTypeD-r16
Indicates whether the UE supports simultaneous reception with different QCL Type D reference signal as specified in TS38.213 [11].
	Band
	No
	N/A
	FR2 only



The following two scenarios are to be considered in the WI:
· Dual TCI (same or different TRPs),
· Single TCI (Note [1]: The case of single TCI is handled as a second priority. Additional aspects related to single TCI can be further revisited).
The WI will cover RRM core and RRM performance parts, both impacting TS 38.133. 
The WID [1] includes the following objective of the core part:
· 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)

The WID [1] includes the following objective of the performance part:
· 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
· UE demodulation requirements:
· Specify performance requirements for enhanced FR2-1 UEs supporting up to 4 DL MIMO layers with dual TCI with different QCL typeD on a single component carrier.
· Demod requirements on up to 4 DL MIMO layers
· CSI requirements to support up to 4-layer with 2 TCIs and Rel-17 mTRP Type I codebook
· Extension of requirements to cover intra-band CA can be considered after the single carrier requirements are defined

The agreed WF on RRM from RAN4#104-e is captured in [2].
Discussion
L1-RSRP and L1-SINR reporting
L1-RSRP measurement delay is currently defined for SSB-based, CSI-RS based, and SSB and CSI-RS based L1-RSRP measurement reporting within the active BW part. SSB is used as a reference in QCL information to help in detecting/decoding other signals, i.e., it is an associated signal and not the target signal. In this WI, UE should be able to receive simultaneously two RSs which are target signals in two different QCL type D infos.
· Proposal 1: L1-RSRP measurement reporting based on CSI-RS or CSI-RS + SSB can be improved due to simultaneous reception of two CSI-RSs.
When some directions can be measured simultaneously, e.g., in this WI these can be two CSI-RSs having QCL type D with the same associated signal such as SSB or CSI-RS, the measurements period can be reduced. L1-RSRP measurement period in TS 38.133 is defined as a function of several configured or defined parameters, among which is parameter N related to the number of directions from which the UE is receiving the measured signals. A UE capable of multi-beam/chain simultaneous DL reception on a single component carrier from two different directions would be able to exploit this capability and reduce the L1-RSRP measurement period, e.g., via reducing the N parameter depending on the QCL information for the measured signals and the number of directions from which the signals can be received simultaneously, while considering that the UE can measure simultaneously in two directions at most.
· Proposal 2: Measurement period for L1-RSRP measurement reporting based on CSI-RS or CSI-RS+SSB can be reduced by reducing N parameter (number of rx direction sweeps done sequentially in time).
· Proposal 3: Measurement period for L1-RSRP measurement reporting based on CSI-RS or CSI-RS+SSB can be reduced by a factor of 2 at most, when half of rx directions can be received simultaneously with the other half of rx directions.
· Proposal 4: L1-SINR measurement reporting requirements can be enhanced due to simultaneous reception, based on the same principles as RAN4 agrees for L1-RSRP.
RLM
RLM is performed based on SSB, CSI-RS or combination of SSB + CSI-RS, for PCell, PSCell or deactivated PSCell. SSB is used as a reference in QCL information to help in detecting/decoding other signals, i.e., it is an associated signal and not the target signal. In this WI, UE should be able to receive simultaneously two RSs which are target signals in two different QCL type D infos.
For RLM involving CSI-RS samples (RLM based on CSI-RS or based on SSB + CSI-RS), the number of swaps (N parameter) could have been reduced to reduce the total evaluation time; however, N=1 for FR2 already, and the evaluation period is per RLM resource.
· Proposal 5: Evaluation period for RLM, CSI-RS based and SSB+CSI-RS based: the number of swaps cannot be further reduced (N=1 for FR2 already).
· Proposal 6: No measurement restrictions are needed for RLM involving CSI-RS in the same OFDM symbols with another CSI-RS for RLM, BFD, CBD or L1-RSRP measurement on the same CC, provided the two CSI-RSs can be received simultaneously.
· Proposal 7: For RLM, the same PDCCH transmission configuration is used as in Rel-17.
· Proposal 8: For RLM, the same number of samples Mout and Min are used as in Rel-17.
Link recovery
For link recovery, the number of swaps N for CBD is 8, which suggests that the evaluation period can be reduced by reducing N. For BFD, however, N=1 already, so the evaluation period cannot be reduced.
· Proposal 9: CBD evaluation period, CSI-RS based and SSB+CSI-RS based: 
· The evaluation period can be improved by reducing N parameter (number of swaps; currently N=8 for FR2).
· Proposal 10: CBD: No measurement restrictions are needed for CBD involving CSI-RS in the same OFDM symbol with another CSI-RS for RLM, BFD, CBD or L1-RSRP measurement on the same CC, provided the two CSI-RSs can be received simultaneously.
· Proposal 11: For CBD, the same PDCCH transmission configuration is used as in Rel-17.
· Proposal 12: For CBD, the same number of samples MCBD is used as in Rel-17.

· Proposal 13: BFD evaluation period, CSI-RS based and SSB+CSI-RS based: 
· The number of swaps cannot be further reduced (N=1 for FR2 already).
· Proposal 14: No measurement restrictions are needed for BFD involving CSI-RS in the same OFDM symbol with another CSI-RS for RLM, BFD, CBD or L1-RSRP measurement on the same CC, provided the two CSI-RSs can be received simultaneously.
· Proposal 15: For BFD, the same PDCCH transmission configuration is used as in Rel-17.
· Proposal 16: For BFD, the same number of samples MBFD is used as in Rel-17.
Summary
The following have been observed and proposed in this contribution.
L1-RSRP / L1-SINR:
· Proposal 1: L1-RSRP measurement reporting based on CSI-RS or CSI-RS + SSB can be improved due to simultaneous reception of two CSI-RSs.
· Proposal 2: Measurement period for L1-RSRP measurement reporting based on CSI-RS or CSI-RS+SSB can be reduced by reducing N parameter (number of rx direction sweeps done sequentially in time).
· Proposal 3: Measurement period for L1-RSRP measurement reporting based on CSI-RS or CSI-RS+SSB can be reduced by a factor of 2 at most, when half of rx directions can be received simultaneously with the other half of rx directions.
· Proposal 4: L1-SINR measurement reporting requirements can be enhanced due to simultaneous reception, based on the same principles as RAN4 agrees for L1-RSRP.
RLM:
· Proposal 5: Evaluation period for RLM, CSI-RS based and SSB+CSI-RS based: the number of swaps cannot be further reduced (N=1 for FR2 already).
· Proposal 6: No measurement restrictions are needed for RLM involving CSI-RS in the same OFDM symbols with another CSI-RS for RLM, BFD, CBD or L1-RSRP measurement on the same CC, provided the two CSI-RSs can be received simultaneously.
· Proposal 7: For RLM, the same PDCCH transmission configuration is used as in Rel-17.
· Proposal 8: For RLM, the same number of samples Mout and Min are used as in Rel-17.
CBD:
· Proposal 9: CBD evaluation period, CSI-RS based and SSB+CSI-RS based: 
· The evaluation period can be improved by reducing N parameter (number of swaps; currently N=8 for FR2).
· Proposal 10: CBD: No measurement restrictions are needed for CBD involving CSI-RS in the same OFDM symbol with another CSI-RS for RLM, BFD, CBD or L1-RSRP measurement on the same CC, provided the two CSI-RSs can be received simultaneously.
· Proposal 11: For CBD, the same PDCCH transmission configuration is used as in Rel-17.
· Proposal 12: For CBD, the same number of samples MCBD is used as in Rel-17.
BFD:
· Proposal 13: BFD evaluation period, CSI-RS based and SSB+CSI-RS based: 
· The number of swaps cannot be further reduced (N=1 for FR2 already).
· Proposal 14: No measurement restrictions are needed for BFD involving CSI-RS in the same OFDM symbol with another CSI-RS for RLM, BFD, CBD or L1-RSRP measurement on the same CC, provided the two CSI-RSs can be received simultaneously.
· Proposal 15: For BFD, the same PDCCH transmission configuration is used as in Rel-17.
· Proposal 16: For BFD, the same number of samples MBFD is used as in Rel-17.
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