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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
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].

The agreed WF on general RRM aspects from RAN4#104bis-e is captured in [3], with the following agreements:

Sub-topic 1-1: Scope and scenarios:
· Joint combination of multi-Rx chain with NR-U, RedCap and NTN are not in the scope of the WI.
· RRM requirement discussion shall be focused on the case with different QCL TypeD RSs on a single component carrier.
· FFS whether UE can be configured with multiple component carriers, including intra-band CCs and/or inter-band CCs, but multi-Rx chain is enabled on only one of the component carriers.
· Clarify the SSB and CSI-RS based simultaneous L1 measurement scenario before making conclusion on scenarios for Rel-18 multi-Rx DL reception, i.e., for simultaneous reception of different QCL type D RSs, what RSs combination(s) can be considered and which scenario(s) it is aimed at.

Sub-topic 1-2: General aspects
· UE behaviour and capability of handling Rx signal level difference between two channels may be discussed in RF/demodulation session.
· Enhanced RRM requirements for multi-Rx chain UE should maintain the existing accuracy requirements.
· Whether to define RRM requirements for activation delay from a single antenna panel to multi-antenna panels should be decided after RF conclusion.
Sub-topic 1-3: Receive timing difference
· Not to discuss UL transmission in R18 FR2 multi-Rx WI.
Sub-topic 1-4: Applicability and conditions
· RRM requirement of simultaneous DL reception from different directions shall be defined based on the applicable condition to be specified in UE RF session.
· FFS the relation between the applicability condition and RRM requirement impacts
· To clarify the requirement in new section that R18 multi-Rx is applicable for FR2-1 only, i.e., no FR2-2.

The agreed WF on L1 measurements is in [4], with agreements:

· L1 RSRP/SINR Measurements:
· The number of samples assumed to define the accuracy requirements should not be changed
· BFD/BFR:
· CSI-RS based BFD/BFR is in the scope of the current WI
· Multi-Rx and other features:
· Do not discuss join requirements for multi-Rx and NR-U, NTN and RedCap at least until all the requirements for multi-Rx are finalized
The agreed WF on TCI from RAN4#104bis-e is in [5], with the following agreements:
[bookmark: _Hlk116589252]Issue 1-1-1: Requirements to be defined
Define DL TCI state switch requirements. UL TCI state switching, and UL spatial relation info switch are not in the scope of the WI.
Issue 1-2-1-1: Dual TCI state switching requirements shall be based on: 
Rel-15/Rel-16 TCI framework
Issue 1-2-1-2:  Can the TCI switch is assumed to be independent on each RX chain?:
For each of the two TCI states, the TCI state switch is assumed to be independent
· FFS on the definition/scope of “independency.”
Issue 1-2-2-1: When two TCI states are switched simultaneously, assumption on the switch commands: 
Wait for conclusion on scenarios in other thread w.r.t sDCI vs mDCI.  
Issue 1-2-2-2: TCI state switch scenarios to be considered: 
Waiting for the scenario’s conclusion in other thread w.r.t sDCI vs mDCI
· FFS on the definition of dual TCI state switching. Companies are requested bring their views to next meeting
Issue 1-2-4-2: Does the cross-panel switch time needs to be defined:
RRM not to define additional TCI state switching delay for cross panel TCI state switching. If RF session achieves a new conclusion on panels ON/OFF switch time, RRM session may revisit the issue if required. 
Discussion
Inter-cell multi-RX chain operation
In [3], the following issue related to inter-cell scenarios was discussed, without any agreement:
[bookmark: _Hlk116635889]Issue 1-1-3: Scenarios for Rel-18 multi-Rx DL reception
· Proposals
· Option 1 (vivo, Nokia, ZTE, CMCC, Xiaomi, LGE): Both intra-cell and inter-cell multi-TRP operation are supported for multi-Rx chain UE in the WI.
· Option 2 (Samsung, vivo, NTT DOCOMO, Huawei): Working on inter-cell operation with TRPs located within reasonable intercell distance after intra-cell multi-TRP operation work is completed.
· Option 3 (MTK, Qualcomm, OPPO): Not to consider inter-cell mTRP operation in R18 multi-Rx UE
Given the current progress and the additional tighter coordination required between inter-cells, we propose to focus on intra-cell multi-RX chain operation from the Rel-18 scope.
· Proposal 1: RAN4 shall focus intra-cell mTRP operation in R-18 multi-Rx UE.
RS types for simultaneous reception
In this WI [1], a UE simultaneously receives two RSs from different QCL type D infos. Generally, according to TS 38.214, to support beamforming, QCL type D can be configured in the UE for CSI-RS or DMRS as target signals and SSB or CSI-RS as associated signals. Hence, if the simultaneously received RSs are separately configured with different QCL type D, then the RSs for simultaneous reception are the target RSs in QCL type D info. 
This suggests that RAN4 shall focus on CSI-RS simultaneous reception. Furthermore, according to our understanding, the focus of this WI is to enable measurements for 4-layer MIMO transmission for achieving higher throughput. We do not think the network uses both SSB beams for fine beams to achieve higher throughput. We think CSI-RS+CSI-RS simultaneous reception shall be good enough to consider for most practical purposes of this WI objective, especially considering that other combinations such as SSB+SSB may only increase unnecessary UE complexity and workload in RAN4./
· Proposal 2: CSI-RS + CSI-RS simultaneous reception is considered in this WI [1].
· Proposal 3: CSI-RS + data simultaneous reception is considered in this WI [1], in the scheduling restrictions discussion.
· Proposal 4: RAN4 to agree that SSB + SSB and SSB+data, simultaneous reception are deprioritized in this WI [1].
· Proposal 5: No new requirements for cell detection in this WI [1].
Simultaneous reception with different QCL type D and with different numerology
Existing UE capability are copied below.
	simultaneousRxDataSSB-DiffNumerology
Indicates whether the UE supports concurrent intra-frequency measurement on serving cell or neighbouring cell and PDCCH or PDSCH reception from the serving cell with a different numerology as defined in clause 8 and 9 of TS 38.133 [5].
	UE
	No
	No
	Yes

	simultaneousRxDataSSB-DiffNumerology-Inter-r16
Indicates whether the UE supports concurrent SSB based inter-frequency measurement without measurement gap on neighbouring cell and PDCCH or PDSCH reception from the serving cell with a different numerology as defined in clause 8 and 9 of TS 38.133 [5]. UE indicates support of this indicates support of interFrequencyMeas-NoGap-r16. If this parameter is indicated for FR1 and FR2 differently, each indication corresponds to the frequency range where the SSB and PDCCH/PDSCH are received.
	UE
	No
	No
	Yes

	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



In existing specification, UE capabilities are defined for 
· Simultaneous reception of data and SSB with different numerology when the both of them are received with same QCL assumption; and 
· Simultaneous reception of data and RS with same numerology but with different QCL Type-D. 
However, there was no UE capability defined for combination of simultaneous reception of data and RS with different numerology with direction beam direction (i.e., different QCL type D). 
Observation 1: The existing UE capability to support mixed numerologies is not directly applicable for multi-RX chain operation with mixed numerologies.

As per our understanding, in real deployments for FR2, RS and data may be using different numerology (e.g., CSI-RS/SSB using 120kHz and CSI-RS/data using 60kHz). Considering this is most practical deployment, we think new UE capability may have to be defined.     
· Proposal 6: A new UE capability is needed to support simultaneous reception with mixed numerologies.
Assuming new capability is defined, RAN4 may need to update the scheduling restrictions of the existing specification as the scheduling restrictions defined in current specification assumes that the UE can receive from only single beam direction. When UE can receive from different directions, at least in some cases, we may not need to specify scheduling restrictions.
· Proposal 7: For UEs supporting simultaneous reception with mixed numerologies no scheduling restrictions are needed.

QCL type A/C
In [3], the following issue related to QCL type A/C was discussed, without any agreement:
Issue 1-4-2: Applicability of new requirements to different QCL types
· Proposals
· Option 1 (vivo, MTK, Apple, OPPO): FFS whether requirements defined for QCL type-D only are also applicable when QCL type D is configured together with QCL type A/C
· Option 2 (Samsung): Whether or not the new RRM requirement for the feature of simultaneous DL reception from different directions shall be applicable is irrelevant to the TCI configuration of other QCL type.
· Option 3 (Ericsson, ZTE, Samsung): In addition to QCL type D, the two RSs may also be configured with QCL type A or QCL type C.
We think that QCL type D in combination with QCL type A/C should be in the scope of the WI, but RAN4l can further discuss whether the requirements are the same or not.
· [bookmark: _Hlk118723851]Proposal 8: Scenarios where QCL type D is configured in combination with QCL type A/C should be in the scope of the WI.
· Proposal 9: RAN4 can further discuss whether the same requirements apply for QCL type D only case and QCL type D + QCL type A/C.
Simultaneous reception and CA
In [2], the following options on CA operation were captured:
· Option 1: RRM requirement discussion shall be focused on the case with different QCL TypeD RSs on a single component carrier, by excluding downlink CA operation.
· Option 2: UE can be configured with multiple carriers but multi-Rx chain is enabled on only one of the carriers.
In [3], there is the following related agreement:
Sub-topic 1-1: Scope and scenarios:
· RRM requirement discussion shall be focused on the case with different QCL TypeD RSs on a single component carrier.
· FFS whether UE can be configured with multiple component carriers, including intra-band CCs and/or inter-band CCs, but multi-Rx chain is enabled on only one of the component carriers.

In our view, naturally, RAN4 shall start defining requirements for the single-carrier case, as suggested in the WID [1], assuming that the UE is not configured with CA.
· Proposal 10: RAN4 shall focus on defining requirements for the single-carrier case where the UE is not configured with CA.
Single-DCI vs multi-DCI multi-TRP operation
In [3], the corresponding discussion is summarized as below.
Issue 1-1-4: Support of single-DCI and/or multi-DCI multi-TRP operation
· Proposals
· Option 1 (vivo, LGE, Xiaomi, Samsung, CMCC, Nokia, ZTE, Ericsson, NTT DOCOMO): Define RRM requirements depending on UE behaviour for single-DCI and multi-DCI multi-TRP operation
· Option 1a (vivo, Xiaomi, Nokia): Multi-DCI multi-TRP operation should not be precluded from RRM requirements perspective.
· Option 1b (LGE, Nokia): Consider RRM requirements such as scheduling restrictions and interruption for single DCI and multi-DCI based multi-TRP operations.
· Option 1d (Samsung, NTT DOCOMO): For RRM requirements specified for UE supporting simultaneous DL reception from different directions, both UE behaviour for single-DCI and multi-DCI multi-TRP operation, while single-DCI is adopted as a basline to be studied first.
· Option 2 (OPPO, Huawei, Samsung): Whether to down-select some scenarios of multi-TRP can be further discussed after general assumption with respect to TRP are clarified
· Option 3 (Qualcomm, MTK): Define RRM requirements for single-DCI multi-TRP operation only.
From the data reception point of view, having single DCI (sDCI) alone may have severe impact on usage of this feature as the two TRPs may not have ideal backhaul and in most of the cases multi-DCI (mDCI) may have to be used. RAN1 already supports mDCI for data reception. From the requirements perspective, we do not think sDCI or mDCI have much impact on the requirements definition. 
In most cases L1-RSRP reports for BM may be periodic or semi-persistent. For L1-RSRP requirement, the requirement that may be impacted by sDCI or mDCI is aperiodic L1-RSRP. If the aperiodic L1-RSRP report is supported, triggering of aperiodic L1-RSRP through sDCI or mDCI do not matter much. In either cases UE need to measure L1-RSRP using simultaneous receptions.  
Similarly for TCI state switching, whether UE receive switch command using single TRP (sDCI or single MAC CE) or two TRP (mDCI or multiple MAC CE), UE need to perform dual TCI state switching anyway. 
Since data reception is anyway supported from RAN1 perspective, limiting the requirements to sDCI alone may not be necessary.  
Proposal 11: Define requirements for both single-DCI and multi-DCI operations as this will not have much impact on UE complexity perspective. 
Spatial MIMO
In [3], the corresponding discussion is summarized as below.
Issue 1-1-5: Spatial MIMO (either spatial diversity or spatial multiplexing) by using one panel
· Proposals
· Option 1 (Samsung, Xiaomi, NTT DOCOMO, MTK, Intel, Huawei): Spatial MIMO (either spatial diversity or spatial multiplexing) by using one panel to achieve two independent signals from the same or nearly the same direction is not the scope of this work item.
· Option 2 (vivo, Qualcomm, LGE, Nokia, Ericsson): How Spatial MIMO (either spatial diversity or spatial multiplexing) is used is up to NW and UE implementation. It is not necessary to explicitly preclude spatial MIMO (either spatial diversity or spatial multiplexing) by using one panel to achieve two independent signals from the same or nearly the same direction from the WI
· Option 3 (Apple, OPPO, Nokia, ZTE, Samsung, NTT DOCOMO, Huawei, Intel, LGE, Ericsson): Spatial MIMO (either spatial diversity or spatial multiplexing) by using one panel to receive two independent signals from the same or nearly the same direction is up to RF conclusion.

· Proposal 12: How Spatial MIMO (either spatial diversity or spatial multiplexing) is used is up to NW and UE implementation. It is not necessary to explicitly preclude spatial MIMO (either spatial diversity or spatial multiplexing) by using one panel to achieve two independent signals from the same or nearly the same direction from the WI.
Power saving
In [3], the corresponding discussion is summarized as below.
Issue 1-2-9: Whether and how to define power saving related requirements
· Proposals
· Option 1 (vivo, Apple, LGE, Ericsson, NTT DOCOMO, Huawei, Samsung, Xiaomi, ZTE): No power saving specific requirements are considered in the WI.
· Power saving can be one aspect to be considered when specifying RRM requirements, e.g., if a UE always needs to keep two panels active.
· Option 3 (Apple, MTK, LGE, ZTE, LGE): RAN4 should discuss if a UE capable of multi-RX reception should inform the network that it does not support two AoA reception, so the network knows the UE does not turn on or off this capability arbitrarily.
· Option 3a (Nokia, Apple): RAN4 should discuss how a UE capable of multi-RX reception should inform the network when switching from 2 Rx chains to 1 Rx chain, and vice versa, so the network knows the UE does not turn on or off this capability arbitrarily.
· Option 5 (Nokia): RAN4 to study if use of single Rx chain or multiple Rx chain can be adapted over time.
In the last meeting, the issue of UE overheating when the UE is enabled with multi-RX chain operation over a long period of time was discussed. The existing RAN2 specification (e.g. TS 38.331) already specified an overheating related IE (OverheatingAssistance) which allows the UE to send overheating assistance information for some applications to the network. Considering this sort of function is already available, we support extending the existing overheating assistance functionality also for multi-RX operation. However, the UE behaviour of turning OFF the multi-RX featuring and turning back ON the multi-RX functionality upon sending the OverheatingAssistance information to the network should still be within the network control. We think RAN4 needs to further discuss mechanism to enable multi-RX ON/OFF to ensure efficient use of power of multi-RX while preventing the overheating of the UE. 
In last meeting it was also proposed to discuss or specify power saving requirements, and we see no need in any new requirements specifically for power saving with the multi-rx operation. 
· Proposal 13: No power saving requirements specific for multi-rx operation are considered in the WI.

· Proposal 14: Extend OverheatingAssistance mechanism to also cover multi-RX chain operation and further discuss the details for multi-RX chain ON/OFF mechanism based on OverheatingAssistance.
We think once RAN4 agreed on mechanism for multi-RX chain ON/OFF mechanism, we can send LS to RAN2 to inform and introduce new signalling to support it.

Applicability of Rel-16 UE capabilitiy simultaneousReceptionDiffTypeD
In [3], the corresponding discussion is summarized as below.
[bookmark: _Hlk118321362]Issue 1-5-1: Clarification/understanding on R16 UE capabilitiy simultaneousReceptionDiffTypeD
· Proposals
· Option 1 (vivo, LGE, Nokia): RAN4 to clarify the usage of existing UE capability simultaneousReceptionDiffTypeD and further discuss if additional UE capability is needed depending on progress of RRM requirements.
· Option 2a (Samsung): 
· RAN4 shall not introduce new, but reuse Rel-16 UE capability IE simultaneousReceptionDiffTypeD-r16, to indicate enhanced FR2-1 UEs supporting simultaneous DL reception from different directions with different QCL TypeD RSs on a single component carrier.
· If UE support Rel-16 simultaneousReceptionDiffTypeD-r16, UE supports to perform simultaneous measurement based on SSBs with different QCL TypeD indications.
· Option 3 (OPPO, ZTE): New UE capability of supporting simultaneous reception from different directions with different QCL type D RSs in R18 is preferred.
· Option 4 (Qualcomm, Apple, MTK, Ericsson, Intel): Rel-16 UE capability simultaneousReceptionDiffTypeD-r16 is applicable only for PDSCH reception.
Our understanding is that the Rel-16 UE capability simultaneousReceptionDiffTypeD cannot be directly applicable as an indication for UEs ability for multi-rx operation, since currently it is applicable only for PDSCH reception.
· Proposal 15: Rel-16 UE capability simultaneousReceptionDiffTypeD cannot be directly applicable as an indication for UEs ability for multi-rx operation, since currently it is applicable only for PDSCH reception.
Summary
The following have been observed and proposed in this contribution.
· Proposal 1 (inter-cell multi-RX chain operation): RAN4 shall focus intra-cell mTRP operation in R-18 multi-Rx UE.
· Proposal 2 (RS types for simultaneous reception): CSI-RS + CSI-RS simultaneous reception is considered in this WI [1].
· Proposal 3 (RS types for simultaneous reception): CSI-RS + data simultaneous reception is considered in this WI [1], in the scheduling restrictions discussion.
· Proposal 4 (RS types for simultaneous reception): RAN4 to agree that SSB + SSB and SSB+data, simultaneous reception are deprioritized in this WI [1].
· Proposal 5 (RS types for simultaneous reception): No new requirements for cell detection in this WI [1].
· Proposal 6 (simultaneous reception with different QCL type D and with different numerology): A new UE capability is needed to support simultaneous reception with mixed numerologies.
· Observation 1: The existing UEs capability to support mixed numerologies is not directly applicable for multi-RX chain operation with mixed numerologies.
· Proposal 7 (simultaneous reception with different QCL type D and with different numerology): For UEs supporting simultaneous reception with mixed numerologies no scheduling restrictions are needed.
· Proposal 8 (QCL type A/C): Scenarios where QCL type D is configured in combination with QCL type A/C should be in the scope of the WI.
· Proposal 9 (QCL type A/C): RAN4 can further discuss whether the same requirements apply for QCL type D only case and QCL type D + QCL type A/C.
· Proposal 10 (simultaneous reception and CA): RAN4 shall focus on defining requirements for the single-carrier case where the UE is not configured with CA.
· Proposal 11 (single-DCI vs multi-DCI multi-TRP operation): Define requirements for both single-DCI and multi-DCI operations as this will not have much impact on UE complexity perspective.
· Proposal 12 (spatial MIMO): How Spatial MIMO (either spatial diversity or spatial multiplexing) is used is up to NW and UE implementation. It is not necessary to explicitly preclude spatial MIMO (either spatial diversity or spatial multiplexing) by using one panel to achieve two independent signals from the same or nearly the same direction from the WI.
· Proposal 13 (power saving): No power saving requirements specific for multi-rx operation are considered in the WI.
· Proposal 14 (power saving): Extend OverheatingAssistance mechanism to also cover multi-RX chain operation and further discuss the details for multi-RX chain ON/OFF mechanism based on OverheatingAssistance.
· Proposal 15 (applicability of Rel-16 UE capabilitiy simultaneousReceptionDiffTypeD): Rel-16 UE capability simultaneousReceptionDiffTypeD cannot be directly applicable as an indication for UEs ability for multi-rx operation, since currently it is applicable only for PDSCH reception.
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