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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
L1-RSRP
As discussed in our general aspects paper, simultaneous reception SSB+SSB may not be a practical case for configuration of L1-RSRP measurements for beam management of 4-layer MIMO. As per our understanding simultaneous reception CSI-RS + CSI-RS may be most practical case and RAN4 should define requirements for this case.
· Proposal 1: For L1-RSRP measurement reporting, RAN4 defines requirements for simultaneous CSI-RS + CSI-RS reception (i.e., two simultaneous CSI-RSs). Deprioritize L1-RSRP based on simultaneous SSB+SSB reception.
Next, we discuss conditions which need to be met for the L1-RSRP enhanced requirements for multi-rx operation to apply, regardless of the approach taken to enhance the requirements. Then, we also discuss two possible approaches for enhancing the L1-RSRP requirement period for multi-rx operation. 
Conditions in L1-RSRP requirements enhanced for multi-rx operation
· Proposal 2: The enhanced L1-RSRP measurement requirements 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.

Approach 1: Beam sweeping factor reduction
Requirements for CSI-RS based L1-RSRP are defined in Section 9.5.4.2 (see Annex A below).
In TS 38.133, the beam sweeping factor N is >1 for periodic or semi-persistent CSI-RS resources configured in a resource set 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 (for aperiodic CSI-RS or when repetition set to OFF). 
For multi-rx operation, beam sweeping factor can be reduced by a factor of 2 (the number of simultaneously received RSs), e.g.:
N=ceil(maxNumberRxBeam / Nmulti-rx / Nres_per_set), where
Nres_per_set is number of resources in the resource set,
Nmulti-rx =2 when simultaneous reception is enabled, provided [TBD conditions for multi-rx operation] are met, otherwise Nmulti-rx =1.
The conditions for multi-rx operation are discussed further in section 2.1.1.
· Proposal 3a: For multi-rx operation, beam sweeping factor N in L1-RSRP measurement period requirements based on periodic or semi-persistent CSI-RS with repetitions can be reduced by a factor of 2 (the number of simultaneously received RSs), e.g.: 
N=ceil(maxNumberRxBeam / Nmulti-rx / Nres_per_set), 
where Nmulti-rx =2 when simultaneous reception is enabled, provided [TBD conditions for multi-rx operation] are met, otherwise Nmulti-rx =1.
Approach 2: A new scaling parameter in the measurement period
Another approach for enhancing L1-RSRP can be introducing a new scaling parameter in the measurement period, e.g., as highlighted in the table below:
	Configuration
	TL1-RSRP_Measurement_Period_CSI-RS (ms) 

	non-DRX
	max(TReport, ceil(M*P*N*L)*TCSI-RS)

	DRX cycle ≤ 320ms
	max(TReport, ceil(1.5*M*P*N*L)*max(TDRX,TCSI-RS))

	DRX cycle > 320ms
	ceil(M*P*N*L)*TDRX

	Note 1:	TCSI-RS is the periodicity of CSI-RS configured for L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.
Note 2:	the requirements are applicable provided that the CSI-RS resource configured for L1-RSRP measurement is transmitted with Density = 3.



The new parameter could take values 1 or ½, depending on whether the multi-rx operation is activated or not and whether the conditions are met or not (see section 2.1.1).
· Proposal 3b (preferred): For multi-rx operation, the measurement period is reduced by a new scaling parameter L=1/2, provided [TBD conditions for multi-rx operation] are met, otherwise L=1.
	Configuration
	TL1-RSRP_Measurement_Period_CSI-RS (ms) 

	non-DRX
	max(TReport, ceil(M*P*N*L)*TCSI-RS)

	DRX cycle ≤ 320ms
	max(TReport, ceil(1.5*M*P*N*L)*max(TDRX,TCSI-RS))

	DRX cycle > 320ms
	ceil(M*P*N*L)*TDRX

	Note 1:	TCSI-RS is the periodicity of CSI-RS configured for L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.
Note 2:	the requirements are applicable provided that the CSI-RS resource configured for L1-RSRP measurement is transmitted with Density = 3.



L1-RSRP accuracy requirements with multi-rx operation
· Proposal 4: The same accuracy requirements apply for L1-RSRP with and without multi-rx operation.

L1-SINR
· Proposal 5: L1-SINR measurement reporting requirements can be enhanced due to simultaneous reception, based on the same principles as for L1-RSRP based on simultaneous RS reception.

Summary
The following have been observed and proposed in this contribution.
· Proposal 1: For L1-RSRP measurement reporting, RAN4 defines requirements for simultaneous CSI-RS + CSI-RS reception (i.e., two simultaneous CSI-RSs). Deprioritize L1-RSRP based on simultaneous SSB+SSB reception.

· Proposal 2: The enhanced L1-RSRP measurement requirements 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 3a: For multi-rx operation, beam sweeping factor N in L1-RSRP measurement period requirements based on periodic or semi-persistent CSI-RS with repetitions can be reduced by a factor of 2 (the number of simultaneously received RSs), e.g.: 
N=ceil(maxNumberRxBeam / Nmulti-rx / Nres_per_set), 
where Nmulti-rx =2 when simultaneous reception is enabled, provided [TBD conditions for multi-rx operation] are met, otherwise Nmulti-rx =1.

· Proposal 3b (preferred): For multi-rx operation, the measurement period is reduced by a new scaling parameter L=1/2, provided [TBD conditions for multi-rx operation] are met, otherwise L=1.
	Configuration
	TL1-RSRP_Measurement_Period_CSI-RS (ms) 

	non-DRX
	max(TReport, ceil(M*P*N*L)*TCSI-RS)

	DRX cycle ≤ 320ms
	max(TReport, ceil(1.5*M*P*N*L)*max(TDRX,TCSI-RS))

	DRX cycle > 320ms
	ceil(M*P*N*L)*TDRX

	Note 1:	TCSI-RS is the periodicity of CSI-RS configured for L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.
Note 2:	the requirements are applicable provided that the CSI-RS resource configured for L1-RSRP measurement is transmitted with Density = 3.



· Proposal 4: The same accuracy requirements apply for L1-RSRP with and without multi-rx operation.

· Proposal 5: L1-SINR measurement reporting requirements can be enhanced due to simultaneous reception, based on the same principles as for L1-RSRP based on simultaneous RS reception.
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ANNEX A
9.5.4.2	CSI-RS based L1-RSRP Reporting [TS 38.133]
The UE shall be capable of performing L1-RSRP measurements based on the configured CSI-RS resource for L1-RSRP computation, and the UE physical layer shall be capable of reporting L1-RSRP measured over the measurement period of TL1-RSRP_Measurement_Period_CSI-RS.
The value of TL1-RSRP_Measurement_Period_CSI-RS is defined in Table 9.5.4.2-1 for FR1 and in Table 9.5.4.2-2 for FR2, where
-	For periodic and semi-persistent CSI-RS resources, M=1 if higher layer parameter timeRestrictionForChannelMeasurement is configured, and M=3 otherwise
-	For aperiodic CSI-RS resources M=1 
-	For periodic CSI-RS resources in a resource set configured with higher layer parameter repetition set to OFF, N=1. The requirements apply if qcl-InfoPeriodicCSI-RS is configured for all the resources in the resource set and for each resource one RS has QCL-TypeD with 
-	SSB for L1-RSRP measurement, or 
-	another CSI-RS in resource set configured with repetition ON.
-	For periodic 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. The requirements apply provided qcl-InfoPeriodicCSI-RS is configured with QCL-TypeD for all resources in the resource set.
-	For semi-persistent CSI-RS resources in a resource set configured with higher layer parameter repetition set to OFF, N=1. The requirements apply provided TCI state is provided for all resources in the resource set in the MAC CE activating the resource set and for each resource one RS has QCL-TypeD with 
-	SSB for L1-RSRP measurement, or 
-	another CSI-RS in resource set configured with repetition ON.
-	For 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. The requirements apply provided TCI state is provided with QCL-TypeD for all resources in the resource set in the MAC CE activating the resource set.
-	For aperiodic CSI-RS resources in a resource set configured with higher layer parameter repetition set to OFF, N=1. The requirements apply provided qcl-info is configured for all resources in the resource set and for each resource one RS has QCL-TypeD with 
-	SSB for L1-RSRP measurement, or 
-	another CSI-RS in resource set configured with repetition ON.
-	For aperiodic CSI-RS resources in a resource set configured with higher layer parameter repetition set to ON, N=1. UE is not required to meet the accuracy requirements in clause 10.1.19.2 and 10.1.20.2 if number of resources in the resource set is smaller than maxNumberRxBeam. The requirements apply provided qcl-info is configured with QCL-TypeD for all resources in the resource set.
When UE supports [concurrent measurement gap] and concurrent gaps are configured,
-	P value for a CSI-RS resource to be measured is defined as
-	Ntotal / Noutside_MG in FR1
-	Psharing factor * Ntotal / Noutside_MG in FR2 with Navailable = 0
-	Ntotal / Navailable in FR2 with Navailable > 0
-	For a window W of duration max(TL1,  MGRP_max), where MGRP max is the maximum MGRP across all configured per-UE measurement gaps and per-FR measurement gaps within the same FR as serving cell, and starting at the beginning of any CSI-RS resource occasion: 
-	Ntotal is the total number of CSI-RS resource occasions within the window, including those overlapped with measurement gap occasions or SMTC occasions within the window, and
-	Noutside_MG is the number of CSI-RS resource occasions that are not overlapped with any measurement gap occasion within the window W
-	Navailable is the number of CSI-RS resource occasions that are not overlapped with any measurement gap occasion nor any SMTC occasion within the window W
TL1 is periodicity of the target CSI-RS.
Otherwise, for a UE not supporting concurrentMeasGap-r17 or when concurrent gaps are not configured,
For FR1, 
-	P=, when in the monitored cell there are GAPs configured for intra-frequency, inter-frequency or inter-RAT measurements, which are overlapping with some but not all occasions of the CSI-RS; and
-	P=1 when in the monitored cell there are no GAPs overlapping with any occasion of the CSI-RS.
For FR2,
-	P=1, when CSI-RS is not overlapped with a GAP and also not overlapped with SMTC occasion.
-	P=, when CSI-RS is partially overlapped with GAP and CSI-RS is not overlapped with SMTC occasion (TCSI-RS < xRP)
-	P=, when CSI-RS is not overlapped with GAP and CSI-RS is partially overlapped with SMTC occasion (TCSI-RS < TSMTCperiod).
-	P=Psharing factor, when CSI-RS is not overlapped with GAP and CSI-RS is fully overlapped with SMTC occasion (TCSI-RS = TSMTCperiod).
-	P=1, when aperiodic CSI-RS resource is not overlapped with GAP
-	P=, when CSI-RS is partially overlapped with GAP and CSI-RS is partially overlapped with SMTC occasion (TCSI-RS < TSMTCperiod) and SMTC occasion is not overlapped with GAP and
-	TSMTCperiod ≠ xRP or
-	TSMTCperiod = xRP and TCSI-RS < 0.5*TSMTCperiod
-	P=, when CSI-RS is partially overlapped with [measurement gap] and CSI-RS is partially overlapped with SMTC occasion (TCSI-RS < TSMTCperiod) and SMTC occasion is not overlapped with GAP and TSMTCperiod = xRP and TCSI-RS = 0.5*TSMTCperiod
-	P=, when CSI-RS is partially overlapped with GAP (TCSI-RS < xRP) and CSI-RS is partially overlapped with SMTC occasion (TCSI-RS < TSMTCperiod) and SMTC occasion is partially or fully overlapped with GAP.
-	P=, when CSI-RS is partially overlapped with GAP and CSI-RS is fully overlapped with SMTC occasion (TCSI-RS = TSMTCperiod) and SMTC occasion is partially overlapped with GAP (TSMTCperiod < xRP)
Where:
-	Psharing factor = 1, if the CSI-RS configured for L1-RSRP measurement outside gap is
-	not overlapped with the SSB symbols indicated by SSB-ToMeasure and 1 data symbol before each consecutive SSB symbols indicated by SSB-ToMeasure and 1 data symbol after each consecutive SSB symbols indicated by SSB-ToMeasure, given that SSB-ToMeasure is configured, where the SSB-ToMeasure is the union set of SSB-ToMeasure from all the configured measurement objects merged on the same serving carrier, and,
-	not overlapped by the RSSI symbols indicated by ss-RSSI-Measurement and 1 data symbol before each RSSI symbol indicated by ss-RSSI-Measurement and 1 data symbol after each RSSI symbol indicated by ss-RSSI-Measurement, given that ss-RSSI-Measurement is configured.
-	Psharing factor = 3, otherwise.
TSMTCperiod = the configured SMTC period.
	TCSI-RS = the periodicity of CSI-RS configured for L1-RSRP measurement
	If the UE is configured with Pre-MG, a CSI-RS or an SMTC occasion is only considered to be overlapped by the Pre-MG if the Pre-MG is activated.
-	When a measurement gap is configured and the measurement gap is not NCSG, 
-	a CSI-RS or an SMTC occasion is considered to be as overlapped with the GAP if it overlapps a measurement gap occasion, and 
-	xRP = MGRP
-	Otherwise, when NCSG measurement gap is configured,
-	a CSI-RS or an SMTC occasion is considered to be as overlapped with the GAP if
-	it overlaps the VIL1 or VIL2 of NCSG, or 
-	it overlaps the ML of NCSG in FR2, and there exists a target carrier to be measured within NCSG that is intra-frequency carrier or inter-frequency carrier in the same band as the serving cell, or inter-frequency carrier in different band as the serving cell and UE does not support IBM between the target carrier and the serving cell, 
-	and
-	xRP = VIRP
When concurrent gaps are configured, a CSI-RS or an SMTC occasion is not considered to be overlapped by a gap occasion if the gap occasion is dropped according to 9.1.8.
Table 9.5.4.2-1: Measurement period TL1-RSRP_Measurement_Period_CSI-RS for FR1
	Configuration
	TL1-RSRP_Measurement_Period_CSI-RS (ms) 

	non-DRX
	max(TReport, ceil(M*P)*TCSI-RS)

	DRX cycle ≤ 320ms
	max(TReport, ceil(K *M*P)*max(TDRX,TCSI-RS))

	DRX cycle > 320ms
	ceil(M*P)*TDRX

	Note 1:	TCSI-RS is the periodicity of CSI-RS configured for L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.
Note 2:	the requirements are applicable provided that the CSI-RS resource configured for L1-RSRP measurement is transmitted with Density = 3.
Note 3:	K = 1 when TCSI-RS ≤ 40 ms and highSpeedMeasFlag-r16 or highSpeedMeasCA-Scell-r17 are configured; otherwise K = 1.5.
Note 4:	When highSpeedMeasFlag-r16 is configured, the requirements apply only to UE supporting either measurementEnhancement-r16 or intraNR-MeasurementEnhancement-r16 or measurementEnhancementCA-r17.



Table 9.5.4.2-2: Measurement period TL1-RSRP_Measurement_Period_CSI-RS for FR2
	Configuration
	TL1-RSRP_Measurement_Period_CSI-RS (ms) 

	non-DRX
	max(TReport, ceil(M*P*N)*TCSI-RS)

	DRX cycle ≤ 320ms
	max(TReport, ceil(1.5*M*P*N)*max(TDRX,TCSI-RS))

	DRX cycle > 320ms
	ceil(M*P*N)*TDRX

	Note 1:	TCSI-RS is the periodicity of CSI-RS configured for L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.
Note 2:	the requirements are applicable provided that the CSI-RS resource configured for L1-RSRP measurement is transmitted with Density = 3.
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