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RAN4#105

Ad hoc agreement:
Issue 1-1-2: As per RAN1 agreements, group-based reporting is supported for single DCI only. If group-based reporting is a prerequisite, this AI can focus on single DCI case only. 
· Rel.15 group based reporting is not limited to sDCI
· further check if Rel.17 group based reporting is limited to sDCI or not
· FFS whether there will be any impact to RAN4 from these different reporting schemes
· FFS whether mDCI/sDCI should be supported or not

General RRM agreements [6]:

Issue 1-1-7: Assumption on supporting 4-layer MIMO with simultaneous DL reception with two different QCL TypeD RSs
· group based reporting is one of the means to enable simultaneous reception
· companies proposing to enable simultaneous reception should bring more analysis on how this can be done
Issue 1-1-4: Support of single-DCI and/or multi-DCI multi-TRP operation
· Consider both sDCI and mDCI
Topic #3: L3 measurement specifically related
· The following L3 related requirements enhancements should be studied and specified if necessary
· L3 measurements in RRC Connected mode
· Note: other enhancements are deprioritized
L1-related agreements [7]:

Overall handling of L1 measurements:
· Agreement: Discussion on Rx beam sweeping scaling factor, simultaneous reception of DL data and RS, and other multi-Rx related topics can be done jointly for L1-RSRP, RLM, L1-SINR and CBD/BFD.
Note: issues specific to each of the above measurements can be discussed separately.

TCI-related agreements [8]:

Issue 1-1-1: General scope: Regarding group-based reporting and simultaneous reception with different QCL type-D
·  Agreement
· group based reporting is one of the means to enable simultaneous reception
· Candidate proposals for further study
· Option 1: Simultaneous reception is not necessarily based on group-based reception
· Option 2: TCI switch requirements are to specify dual TCI state switching requirements for multi-Rx (not necessary to limit to only simultaneous reception)
Issue 1-1-2: General scope: As per RAN1 agreements, group-based reporting is supported for single DCI only. If group-based reporting is a prerequisite, this AI can focus on single DCI case only. 
· Candidate proposals for further study
· Companies to check this RAN1 agreement and more discussion is needed during next meeting. 
Issue 1-1-3: General scope: Definition of Dual TCI state switch 
· Dual TCI state switching refers to the case when two active TCI states with QCL type D for simultaneous reception of PDCCH/PDSCH are involved before and/or after TCI switching command. 
· In other words, following are considered as dual TCI state switching to discuss the requirements 
· Single DCI to Dual TCI
· Dual TCI to Dual TCI 
· FFS: Dual TCI to Single TCI
Issue 1-2-1: sDCI based TCI state switching requirements: TCI state switch indication method for PDCCH and PDSCH 
· PDCCH non-SFN 
· Only single PDCCH is supported. So Single MAC CE should be used
· FFS: PDCCH SFN 
· One MAC CE is used to indicate both TCI states 
· PDSCH 
· For both SFN and non-SFN, only one DCI code point is indicated using single DCI and the code point may indicate one or two TCI states
Issue 1-4-1: Known and unknown states combination
· Dual TCI state switching requirements are defined for simultaneous reception. It is FFS whether we need to define any new requirements for non-simultaneous reception. The dual TCI states known, or unknown are FFS. 
· Option A: known and known 
· Option B: Known and unknown 
· Option C: unknown and unknown


RAN4#104bis-e

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. 
RAN4#104-e

The agreed WF on RRM from RAN4#104-e is captured in [2].
Discussion
The definition of the simultaneous reception
The scope of the WI is to introduce new requirements for UEs capable of multi-beam/chain simultaneous DL reception of two different QCL TypeD RSs from two different directions on a single component carrier in FR2-1, to achieve improved RF, RRM, and UE demodulation performance.
Prior to discussing the requirements impacts, RAN4 needs to have a clear view on what is the definition of the simultaneous reception.
· Proposal 1: Two signals are considered to be received simultaneously, if their instances are received in the same or overlapping OFDM symbols, which may occur in one, some, or all signal occasions during their measurement or evaluation period. 
NOTE 1: Only that two measurements are performed in parallel does not directly imply that the RSs are received simultaneously, e.g., two parallel measurements can be based on two RSs whose occasions do not even overlap and which therefore are not received simultaneously.
The WI scope is simultaneous RS reception, i.e., the RSs occasions must overlap in time. But RAN4 needs to discuss whether partial overlap in time is acceptable, and, in that case, what is the minimum amount overlap is needed for multi-rx requirements to apply.
· Proposal 2: The minimum amount of overlap needed for multi-rx requirements to apply is TBD (e.g., full overlap, partial overlap, at least X% of overlapping RS occasions during the measurement period, etc.).

Simultaneous RS reception with different QCL D’s configured together with QCL A/C
We think that QCL type D in combination with QCL type A/C should not be excluded in the requirements for simultaneous RS reception. 
· Proposal 3: Scenarios where QCL type D is configured in combination with QCL type A/C should be also covered by the requirements for simultaneous RS reception.
· Proposal 4: The same RRM requirements for simultaneous RS reception can apply for RS configured with:
· QCL type D,
· QCL type D + QCL type A, or
· QCL type D + QCL type C.
Requirement’s applicability conditions
RAN4 needs to collect and discuss under which conditions, the multi-rx RRM requirements shall apply.
· Proposal 5: Measurement requirements (e.g., L1 or L3) for simultaneous reception of two RSs shall apply, provided at least the following conditions are met:
· Condition #1: UE has the multi-rx operation capability (to be replaced with the exact capability name, with a relevant reference in the specification),
· Condition #2: UE is configured with dual TCI,
· Condition #3: UE is not configured with CA or DC,
· Condition #4: The simultaneously received RSs are in PCell only, 
· Condition #5: Both RSs and their associated signals in the QCL type D infos are detectable during the entire measurement period,
· Condition #6: The RSs are configured to have common (overlapping in time) RS occasions,
· Condition #7: The side conditions, applied in the common RS occasions, hold.
· Condition #8: The measured CSI-RS is being received simultaneously with another CSI-RS, where the two CSI-RSs have QCL-TypeD with different references.
On Condition #5:
· For simultaneous reception of two RSs from different directions in different QCL type D, the UE must exploit and rely on the direction information indicated by means of QCL info, where the RS to be received is the target signal whose QCL properties are indicated with respect to an associated signal. Hence, if the UE cannot detect the associated signal at some point during the simultaneous reception, the QCL information may not be reliable anymore. Hence, if a requirement is enhanced due to simultaneous reception, then also the detectability condition for the associated signals in the corresponding QCL info shall be added in the requirement.
On Condition #7:
· For two RSs, interference levels may differ a lot in overlapping resources and non-overlapping resources, i.e., much higher in the overlapping resources. Hence, the side conditions have to be applied in the overlapping resources, which is the worst case. Otherwise, more advanced receivers may be needed to deal with the high interference in the overlapping resources.
RAN4 needs to also discuss what happens, when at least one of the necessary conditions are not met, particularly if this happens during an on-going measurement with multi-rx.
· Proposal 6: When at least one of the conditions becomes violated, the UE has to continue receiving the two RSs with a single panel (sequentially).
· Proposal 7: When at least one of the conditions becomes violated, the UE may or may not be able to complete the measurement, e.g.:
· may need to stop and restart (in new conditions) the RS measurements, at least for some of the conditions (e.g., when TCI configuration changes, PCell changes).
· continues the RS measurement using a single panel, but more relaxed requirements apply for such measurement, at least for some of the conditions,
· may need to complete the measurement before switching to the operation mode where the condition is violated, at least for some of the conditions (e.g., UE receives CA configuration).
When the UE is configured with multi-rx operation, it has to switch from its previous operation mode to the multi-rx operation mode, with different requirements, etc. Also, if it is configured with non-multi-rx operation, it has to switch back from multi-rx to the non-multi-rx operation mode. If done frequently, such switching may lead to performance degradation in the UE and thus should be avoided.
· Proposal 8: Frequent reconfiguration of the UE between multi-rx and non-multi-rx operation should be avoided, e.g., the important measurements and procedures may need to be completed before the switching.
Scenarios with partially overlapping time resources
There can be many scenarios when not all RS occasions overlap in time or the RS occasions not fully overlap, e.g., due to:
· Different RS periodicities (in which case the overlapping occasions where simultaneous reception is feasible will occur with a period which is LCM of the two periodicities),
· Different RS occasion duration (in which case simultaneous reception is possible only on a common part of the respective time resources), 
· The RSs may be configured with the same periodicity but one of the RSs may be muted in some occasions, etc.
In all these cases, simultaneous RS reception is only relevant for a common set of time resources for the two RSs.
· Proposal 9: The measurement period for the simultaneously received RSs starts from the beginning of the first common RS occasion, where the two RSs overlap in time.
· Proposal 10: When two RSs are configured in time resources which are not fully overlapping, the simultaneous reception requirements are defined with respect to the common subset of time resources for the two RSs (which may result in a longer measurement period for a partially overlapping case than for a fully overlapping case with the same periodicity).
Group-based reporting for multi-rx operation
In RAN4#105, the following was agreed about group-based reporting:
· group based reporting is one of the means to enable simultaneous reception
· companies proposing to enable simultaneous reception should bring more analysis on how this can be done
In our view, group-based reporting does not mandate multi-rx reception and can be used with or without it. For example, the network can configure group-based reporting and non-overlapping in time RSs. 
Furthermore, time-overlapping RSs are not common in the network, so it may be not so difficult for the network to figure out which RSs can potentially be received simultaneously by the UE.
· Proposal 11: Multi-rx operation is not strictly relying on and not limited to group-based reporting.
Inter-cell multi-RX chain operation
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 12: RAN4 shall focus on 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 13: CSI-RS + CSI-RS simultaneous reception is considered in this WI. 
· Proposal 14: Deprioritize SSB + SSB simultaneous reception.
Different numerology with the simultaneous RS reception
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 15: 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 16: For UEs supporting simultaneous reception with mixed numerologies no scheduling restrictions are needed.

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 17: RAN4 shall focus on defining requirements for the single-carrier case where the UE is not configured with CA.
Spatial MIMO
· Proposal 18: 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 the last meetings, 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 19: No new power saving requirements specific for multi-rx operation are considered in the WI.

· Proposal 20: 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
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 21: 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.
On multi-rx enhancements for L3 measurements
· Proposal 22: Not to enhance L3 measurement requirement in R18 multi-Rx chain WI. 

Summary
The following have been observed and proposed in this contribution.
· Proposal 1: Two signals are considered to be received simultaneously, if their instances are received in the same or overlapping OFDM symbols, which may occur in one, some, or all signal occasions during their measurement or evaluation period. 
NOTE 1: Only that two measurements are performed in parallel does not directly imply that the RSs are received simultaneously, e.g., two parallel measurements can be based on two RSs whose occasions do not even overlap and which therefore are not received simultaneously.
· Proposal 2: The minimum amount of overlap needed for multi-rx requirements to apply is TBD (e.g., full overlap, partial overlap, at least X% of overlapping RS occasions during the measurement period, etc.).
· Proposal 3: Scenarios where QCL type D is configured in combination with QCL type A/C should be also covered by the requirements for simultaneous RS reception.
· Proposal 4: The same RRM requirements for simultaneous RS reception can apply for RS configured with:
· QCL type D,
· QCL type D + QCL type A, or
· QCL type D + QCL type C.

· Proposal 5: Measurement requirements (e.g., L1 or L3) for simultaneous reception of two RSs shall apply, provided at least the following conditions are met:
· Condition #1: UE has the multi-rx operation capability (to be replaced with the exact capability name, with a relevant reference in the specification),
· Condition #2: UE is configured with dual TCI,
· Condition #3: UE is not configured with CA or DC,
· Condition #4: The simultaneously received RSs are in PCell only, 
· Condition #5: Both RSs and their associated signals in the QCL type D infos are detectable during the entire measurement period,
· Condition #6: The RSs are configured to have common (overlapping in time) RS occasions,
· Condition #7: The side conditions, applied in the common RS occasions, hold.
· Condition #8: The measured CSI-RS is being received simultaneously with another CSI-RS, where the two CSI-RSs have QCL-TypeD with different references.
· Proposal 6: When at least one of the conditions becomes violated, the UE has to continue receiving the two RSs with a single panel (sequentially).
· Proposal 7: When at least one of the conditions becomes violated, the UE may or may not be able to complete the measurement, e.g.:
· may need to stop and restart (in new conditions) the RS measurements, at least for some of the conditions (e.g., when TCI configuration changes, PCell changes).
· continues the RS measurement using a single panel, but more relaxed requirements apply for such measurement, at least for some of the conditions,
· may need to complete the measurement before switching to the operation mode where the condition is violated, at least for some of the conditions (e.g., UE receives CA configuration).
· Proposal 8: Frequent reconfiguration of the UE between multi-rx and non-multi-rx operation should be avoided, e.g., the important measurements and procedures may need to be completed before the switching.
· Proposal 9: The measurement period for the simultaneously received RSs starts from the beginning of the first common RS occasion, where the two RSs overlap in time.
· Proposal 10: When two RSs are configured in time resources which are not fully overlapping, the simultaneous reception requirements are defined with respect to the common subset of time resources for the two RSs (which may result in a longer measurement period for a partially overlapping case than for a fully overlapping case with the same periodicity).
· Proposal 11: Multi-rx operation is not strictly relying on and not limited to group-based reporting.
· Proposal 12: RAN4 shall focus on intra-cell mTRP operation in R-18 multi-Rx UE.
· Proposal 13: CSI-RS + CSI-RS simultaneous reception is considered in this WI. 
· Proposal 14: Deprioritize SSB + SSB simultaneous reception.
· Observation 1: The existing UE capability to support mixed numerologies is not directly applicable for multi-RX chain operation with mixed numerologies.
· Proposal 15: A new UE capability is needed to support simultaneous reception with mixed numerologies.
· Proposal 16: For UEs supporting simultaneous reception with mixed numerologies no scheduling restrictions are needed.
· Proposal 17: RAN4 shall focus on defining requirements for the single-carrier case where the UE is not configured with CA.
· Proposal 18: 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 19: No new power saving requirements specific for multi-rx operation are considered in the WI.
· Proposal 20: 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 21: 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 22: Not to enhance L3 measurement requirement in R18 multi-Rx chain WI. 
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