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Introduction
In this contribution, we provide initial discussion on RRM impacts for Rel-17 NR FeMIMO.
Discussion
The objectives of WI Rel-17 NR FeMIMO in [1] can be summarized as follows:
	· Extend specification support in the following areas [RAN1]
1. Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1: 
a. Identify and specify features to facilitate more efficient (lower latency and overhead) DL/UL beam management to support higher intra- and L1/L2-centric inter-cell mobility and/or a larger number of configured TCI states:
i. Common beam for data and control transmission/reception for DL and UL, especially for intra-band CA
ii. Unified TCI framework for DL and UL beam indication
iii. Enhancement on signaling mechanisms for the above features to improve latency and efficiency with more usage of dynamic control signaling (as opposed to RRC)
b. Identify and specify features to facilitate UL beam selection for UEs equipped with multiple panels, considering UL coverage loss mitigation due to MPE, based on UL beam indication with the unified TCI framework for UL fast panel selection 
2. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 
b. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception
c. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
d. Enhancement to support HST-SFN deployment scenario:
i. Identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same DMRS port(s), targeting DL-only transmission
ii. Evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation (including applicable type(s) and the associated requirement) between DL and UL signal by reusing the unified TCI framework
3. Enhancement on SRS, targeting both FR1 and FR2:
a. Identify and specify enhancements on aperiodic SRS triggering to facilitate more flexible triggering and/or DCI overhead/usage reduction
b. Specify SRS switching for up to 8 antennas (e.g., xTyR, x = {1, 2, 4} and y = {6, 8})
c. Evaluate and, if needed, specify the following mechanism(s) to enhance SRS capacity and/or coverage: SRS time bundling, increased SRS repetition, partial sounding across frequency
4. Enhancement on CSI measurement and reporting:
a. Evaluate and, if needed, specify CSI reporting for DL multi-TRP and/or multi-panel transmission to enable more dynamic channel/interference hypotheses for NCJT, targeting both FR1 and FR2
b. Evaluate and, if needed, specify Type II port selection codebook enhancement (based on Rel.15/16 Type II port selection) where information related to angle(s) and delay(s) are estimated at the gNB based on SRS by utilizing DL/UL reciprocity of angle and delay, and the remaining DL CSI is reported by the UE, mainly targeting FDD FR1 to achieve better trade-off among UE complexity, performance and reporting overhead

· Investigate if the requirements on link recovery procedure is suitable for FR2 serving cells [RAN4]
· Specify higher layer support of enhancements listed above [RAN2]
· Specify core requirements associated with the items specified by RAN1 [RAN4]


In this section, the RRM impacts of the following aspects are discussed.
· L1/L2-centric inter-cell mobility
· Beam management for multi-TRP
· Beam measurement/reporting for multi-TRP
· Beam failure recovery for multi-TRP
· HST-SFN deployment scenario
RAN1 has sent two LS, and several questions are related with RAN4. The corresponding discussion are also provided in this section.
L1/L2-centric inter-cell mobility
For Rel-17 NR FeMIMO, the enhancements to enable L1/L2-centric inter-cell mobility is introduced. The UE needs to perform multi beam measurement/reporting on non-serving cell RSs for L1/L2-centric inter-cell mobility. RAN1 agreed to support SSB as a measurement RS for L1/L2-centric inter-cell mobility. 
Proposal 1: For L1/L2-centric inter-cell mobility, RAN4 investigate the beam measurement/reporting requirements on non-serving cell(s), and at least SSB based beam measurement/reporting requirements on non-serving cell(s) need to be defined.
In RAN1, the following agreements have been reached on beam measurements/reporting enhancements for L1/L2-centric inter-cell mobility
	Agreements (RAN1#104-e meeting):
On Rel.17 multi beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP:
· A quality of up to K beams associated at least with non-serving cell(s) can be reported in a single CSI reporting instance 
· For each beam, the UE can report at least: (1) a Measured RS Indicator, and (2) a Beam Metric associated with the Measured RS Indicator
· FFS: Maximum value of K 
· FFS: If K is fixed, configured, reported by UE capability, or dynamically selected  
· FFS: The type of beam metric (e.g. L1-RSRP, L3-RSRP, or hybrid L1/L3-RSRP) and related measurement behavior 
· FFS: Whether or not beam reporting associated with non-serving cell(s) can be mixed with that with serving-cell in one reporting instance

On Rel.17 multi beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP:
· Rel.15 L1-RSRP is used as reporting quantity for measurement and reporting of non-serving-cell(s)
· Support SSB as a measurement RS for L1/L2-centric inter-cell mobility and inter-cell mTRP, and Rel.15 SS-RSRP calculated from SSB of non-serving cell(s)
· FFS: Whether the measurement for SS-RSRP is limited within SMTC
· FFS: Detailed reporting method, e.g. via including existing L1-RSRP report, UE-initiated report etc.
· FFS: Whether or not to support CSI-RS (for e.g. mobility and/or tracking) of non-serving cell(s) as a measurement RS for L1/L2-centric inter-cell mobility and inter-cell mTRP. If the support of CSI-RS (for e.g. mobility and/or tracking) of non-serving cell(s) as a measurement RS for L1/L2-centric inter-cell mobility and inter-cell mTRP is confirmed, Rel.15 CSI-RSRP is also supported  
· Whether the support applies to CSI-RS with or without QCL source, or both
· FFS: The number of non-serving cell(s) for measurement/reporting 
· FFS: time behavior of the reporting, i.e. periodic, semi-persistent, aperiodic, or UE-initiated
· FFS: If other reporting quantities are supported, e.g. L3-RSRP, hybrid L1/L3-RSRP
· FFS: Dynamic activation/deactivation/selection of the beam measurement on the RS(s) associated with non-serving cell(s) via MAC CE
· FFS: Timing assumption (e.g. time of arrival and time of the measurement) for measurement of non-serving cell RS measurement

Agreements (RAN1#104-bis-e meeting):
On Rel.17 multi-beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP, 
· On the value of K (defined in RAN1#104-e as the number of beam qualities associated at least with non-serving cell(s) can be reported in a single CSI reporting instance), 
· For the supported maximum value(s) of K, down-select at least one from the following candidates {4, 8, 16}
· FFS: whether the maximum value of K is a UE capability
· Periodic, semi-persistent, and aperiodic reporting (and the respective measurements) are supported.
· Note: Semi-persistent and aperiodic reporting (and their respective measurements) are NW-initiated

On Rel.17 multi-beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP, 
· In one reporting instance, depending on NW configuration, beam(s) associated with a non-serving cell can be mixed with that associated with serving-cell 
· FFS: whether this applies to periodic, semi-persistent, and/or aperiodic
· FFS: How to report the K beams and corresponding qualities if the Tx power among the non-serving cell and with serving-cell is not the same
· Note: The supported numbers of non-serving cells (in terms of measurement/reporting) have not yet been decided. The above description doesn’t imply only one non-serving cell is allowed to be configured for measurement. Nor does this imply that only one non-serving cell is allowed in one reporting instance.

On Rel.17 multi-beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP, for L1-RSRP measurement and at least aperiodic reporting, investigate and, if needed, specify MAC CE based dynamic activation/deactivation of a subset of higher-layer-configured measurement for non-serving cell SSBs



RAN1 agreed that Rel.15 L1-RSRP is used as reporting quantity for measurement and reporting of non-serving-cell(s) for L1/L2-centric inter-cell mobility and the L1-RSRP value(s) for non-serving cell(s) can be reported in a single CSI reporting instance. Periodic, semi-persistent, and aperiodic reporting (and the respective measurements) are supported for beam measurement/reporting on non-serving cell(s). The L1-RSRP measurement reporting procedures for serving cells and non-serving cell(s) are almost the same. Hence, the L1-RSRP measurement/reporting requirements on serving cell(s) can be used as a starting point for investigate the L1-RSRP measurement/reporting requirements on serving cell(s).
Proposal 2: The L1-RSRP measurement/reporting requirements on serving cell(s) can be used as a starting point to define the beam measurement/reporting requirements on non-serving cell(s).
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Beam measurement/reporting for multi-TRP
In RAN1, the following agreements have been reached on beam measurements/reporting for multi-TRP transmission.
	Agreements (RAN1#102-e meeting):
For L1-RSRP, consider measurement / reporting enhancement to facilitate inter-TRP beam pairing 
· Option-1: Group-based reporting,  
· e.g., beam restriction to facilitate inter-TRP pairing.
· Option-2: Non-group-based reporting

Evaluate and study at least but not limited to the following issues for multi-beam enhancement
· Issue 1: Consideration of inter-beam interference
· Issue 2: For group-based reporting, increased number of groups and/or beams per group
· Issue 3: UE Rx panel related beam measurement/report
· NOTE: “UE panel” is used for discussion purpose only

Agreements (RAN1#103-e meeting):
Down-select at least one of the following options for beam measurement/reporting enhancement to facilitate inter-TRP beam pairing in RAN1 #104-e
· Option 1: In a CSI-report, UE can report N>1 pair/groups and M>=1 beams per pair/group
· Different beams in different pairs/groups can be received simultaneously 
· FFS: whether M is equal or can be different across different pair/group
· Option 2: In a CSI-report, UE can report N(N>=1) pairs/groups and M (M>1) beams per pair/group
· Different beams within a pair/group can be received simultaneously
· Option 3: UE report M(M>=1) beams in N (N>1) CSI-reports corresponding to N report setting
· Different beams in different CSI-reports can be received simultaneously
· FFS: whether/how to introduce an association between different CSI-reports
· FFS: whether/how to differentiate reported measurements for beams that are received simultaneously vs. beams that are not received simultaneously 
· Whether/how to introduce an indication along with the CSI-reports to indicate whether the beams in different CSI-reports can be received simultaneously
· FFS: value of N and M in each option
· FFS: Association between different beams in above options and different TRP/UE panels
· FFS: Identify new use cases per option compared with R16 (including backhaul)
· FFS: whether different beams in different pairs/groups/reports can be received by same spatial filter per option

Agreements (RAN1#104-e meeting):
For beam measurement in support of M-TRP simultaneous transmission 
· Support a single CSI-report consisting of N beams pairs/groups and M (M>1) beams per pair/group, and different beams within a pair/group can be received simultaneously 
· Support M = 2
· Support extending the maximum value of N > 1, exact value FFS
· N=1 and N=2
· FFS: Other values larger than 2
· FFS: Whether the UE could report beams are received with different RX beams
· Further study the support of option 1 and option 3
· The above applies at least for L1-RSRP
· FFS: L1-SINR 

Agreements (RAN1#104-bis-e meeting):
For beam reporting option 2
· On the maximum number of beam pairs/groups (N) that can be reported in a single CSI-report, discuss and down-select from the following two alternatives in RAN1#105-e: 
· Alt1: Support maximum value N = {1, 2} 
· Alt2: Support maximum value N = {1, 2, 3, 4} 
· FFS: Introduce a UE capability Ncap on the maximum value of N in Rel.17
· On the number of beam pairs/groups (N) reported in a single CSI-report, discuss and down select between the following two alternatives in RAN1#105-e
· Alt1: The value of N is fixed by RRC configuration
· Alt2: The value of N is upper bounded by a maximum value Nmax configured by RRC, and dynamically selected/indicated by UE 

On CMR resource configuration for beam reporting option 2, adopt the following alternative: 
· Two CMR resource sets or subsets, per periodic/semi-persistent CMR resource setting
· FFS: extension to aperiodic CMR resource setting 
· Each reported beam pair in a single CSI-report consists of M = 2 SSB-RI / CRI values, where each SSB-RI / CRI points to a CMR resource in a different CMR resource set or subset.
· Decide in RAN1#104b-e whether to adopt “set” or “subset” in the above. 

On CMR resource configuration for beam reporting option 2, decide in RAN1#105-e whether to adopt “set” or “subset”:
· NOTE: the following has been agreed
· Two CMR resource sets or subsets, per periodic/semi-persistent CMR resource setting
· FFS : extension to aperiodic CMR resource setting if two CMR resource sets are supported
· Each reported beam pair in a single CSI -report consists of M = 2 SSBRI/CRI values, where each SSBRI /CRI points to a CMR resource in a different CMR resource set or subset.
· FFS : bitwidth of each SSBRI/CRI determined based on the number of SSB/CSI-RS resources from the associated set/subset, or across two sets/subsets



In Rel-17, the enhanced beam measurement/reporting in support of multi-TRP transmission is introduced and the enhanced beam measurement/reporting applies at least for L1-RSRP. RAN4 need to study the impacts on L1-RSRP measurement requirements.
The measurement requirements for L1-RSRP reporting include the following aspects:
· Measurement period
· Measurement restriction
· Scheduling restriction
· Measurement accuracy
In Rel-15/Rel-16, L1-RSRP measurement period for reporting is RS source specific defined and defined as a number of RS periodicities. The FR2 L1-RSRP measurement period requirements are applied under the measurement restrictions that the RS configured for L1-RSRP measurements is not overlapped with another RS configured for layer 1 measurement. In Rel-15/Rel-16, when one RS for L1-RSRP measurement is overlapped with another RS for layer 1 measurement, UE is required to measure one of but not both RSs.
In RAN1, it is assumed that different beams within a pair/group can be received simultaneously for multi-TRP transmission. In Rel-17, the UE can be assumed to measure different RSs within a pair/group simultaneously for multi-TRP transmission, and there shall be no measurements restrictions among RSs configured within the same beam pair/group. So, the existing measurements restrictions in FR2 cannot be reused for multi-TRP transmission in Rel-17.
Proposal 3: For L1-RSRP measurements in FR2, the existing measurement restriction requirements in Rel-16 cannot be reused for multi-TRP transmission in R17 and RAN4 shall study new measurement restriction requirements for multi-TRP transmission.
However, whether different beams in different pairs/groups can be received simultaneously has not been concluded in RAN1. If it is assumed that different beams in different pairs/groups cannot be received simultaneously, then the UE is allowed to drop the measurements on one of them according to the existing measurements restriction principles. The number of beam pairs/groups (N) reported in a single CSI-report is under discussion in RAN1 and two alternatives are considered.
· Alt1: The value of N is fixed by RRC configuration
· Alt2: The value of N is upper bounded by a maximum value Nmax configured by RRC, and dynamically selected/indicated by UE 
For Alt1, the UE needs to report the results of each beam pair/group. For Alt2, it is up to UE to report the results of which beam pairs/groups.
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Figure 1: Example of beam configuration for multi-TRP transmission in Rel-17
For the case as shown in Figure 1, Beam1 in Beam pair #1 is overlapped with Beam3 and Beam4 in Beam pair #2. Beam2 in Beam pair #1 is overlapped with Beam4 in Beam pair #2.
According to the existing measurements restriction principles, the UE may choose to perform beam measurements on Beam1 and Beam2 and drop the beam measurements on Beam3 and Beam4. Then, the UE could not report the results of both Beam pair #1 and Beam pair #2, which is not applicable for Alt1. For this case, the measurement sharing mechanism between multiple beam pairs/groups may need to be investigated in RAN4, and the corresponding sharing factor needs to be introduced into L1-RSRP measurement period requirements.
Proposal 4: RAN4 study whether to introduce the sharing factor for multiple beam pairs/groups into L1-RSRP measurement period requirements.
The L1-RSRP measurement accuracy requirements depend on the assumed measurement sample number and the associated side condition for L1-RSRP measurements. The existing L1-RSRP measurement accuracy requirements are defined based on single-shot measurements under the condition of SINR>=-3dB. The assumed measurement sample number and the side condition for L1-RSRP measurements in Rel-15/Rel-16 can be reused in Rel-17. Correspondingly, the existing L1-RSRP measurement accuracy requirements can be reused in Rel-17.
Proposal 5: It is suggested that the existing L1-RSRP measurement accuracy requirements can be applied for multi-TRP transmission in Rel-17.
Due to QCL relation issues or different SCSs between SSB and data, the scheduling restriction requirements for L1-RSRP measurements define when UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/CSI-RS for tracking/CSI-RS for CQI on RS for L1-RSRP measurement symbols. The same principles of defining scheduling restriction requirements for L1-RSRP measurements can also be reused in Rel-17.
Proposal 6: The existing scheduling restriction requirements for L1-RSRP measurements can be applied in Rel-17.
Beam failure recovery for multi-TRP
In RAN1, the following agreements have been reached on BFR procedures.
	Agreements (RAN1#102-e meeting):
· Evaluate enhancement to enable per-TRP based beam failure recovery starting with Rel-15/16 BFR as the baseline.
· Consider following potential enhancement aspects to enable per-TRP based beam failure recovery 
· Issue 1: TRP-specific BFD
· Issue 2: TRP-specific new candidate beam identification
· Issue 3: TRP-specific BFRQ
· Issue 4: gNB response enhancement
· Issue 5: UE behavior on QCL/spatial relation assumption/UL power control for DL and UL channels/RSs after receiving gNB response

Agreements (RAN1#103-e meeting):
· For M-TRP beam failure detection, support independent BFD-RS configuration per-TRP, where each TRP is associated with a BFD-RS set.
· FFS: The number of BFD RSs per BFD-RS set, the number of BFD-RS sets, and number of BFD RSs across all BFD-RS sets per DL BWP
· Support at least one of explicit and implicit BFD-RS configuration
· With explicit BFD-RS configuration, each BFD-RS set is explicitly configured
· FFS: Further study QCL relationship between BFD-RS and CORESET
· FFS: How to determine implicit BFD-RS configuration, if supported
· For M-TRP new beam identification
· Support independent configuration of new beam identification RS (NBI-RS) set per TRP if NBI-RS set per TRP is configured
· FFS: detail on association of BFD-RS and NBI-RS
· Support the same new beam identification and configuration criteria as Rel.16, including  L1-RSRP, threshold

· Support a BFRQ framework based on Rel.16 SCell BFR BFRQ 
· In RAN1#104-e, select one from the following options
· Option 1: Up to one dedicated PUCCH-SR resource in a cell group
· A cell group refers to either MCG, SCG, or PUCCH cell group
· FFS: number of spatial filters associated with the PUCCH-SR resources  
· FFS: How the SR configuration is done
· Option 2:  Up to two (or more) dedicated PUCCH-SR resources in a cell group
· A cell group refers to either MCG, SCG, or PUCCH cell group
· FFS: whether each PUCCH-SR resource is restricted to be associated to one spatial filter
· FFS: How the SR configuration is done
· FFS: Whether no dedicated PUCCH-SR resource can be supported in addition to Option 1 or Option 2
· Study whether and how to provide the following information in BFRQ MAC-CE 
· Index information of failed TRP(s)
· CC index (if applicable)
· New candidate beam index (if found)
· Indication whether new beam(s) is found 
· FFS: whether/how to incorporate multi-TRP failure

Agreements (RAN1#104-e meeting):
For M-TRP BFR
· Support 2 BFD-RS sets per BWP, and up to N resources per BFD-RS set
· FFS: value of N (e.g. fixed in specification, or UE capability)
· FFS: number of BFD RSs across all BFD-RS sets per DL BWP (e.g. fixed maximum value or UE capability)

For M-TRP BFR 
Support 1-to-1 association between each BFD-RS set and an NBI-RS set
· FFS: Association details

BFRQ response 
· Support at least the same gNB response as in Rel.16 SCell BFR (i.e. DCI with toggled NDI scheduling a same HARQ process ID as the PUSCH carrying BFRQ MAC-CE)

For BFRQ of M-TRP BFR
· Option 3: Up to two dedicated PUCCH-SR resources in a cell group
· FFS: Whether PUCCH-SR for SCell can be reused for M-TRP
· Support BFRQ MAC-CE that can convey information of failed CC indices, one new candidate beam for the failed TRP/CC (if found), and whether new candidate beam is found
· Support at least indication of a single TRP failure 
· FFS: whether/what information of failed TRP(s) is conveyed in the MAC-CE
· FFS: whether/how to support  indication of more than one TRP failure, corresponding BFR procedure, and applicable cell type (SCell vs. SpCell)
· FFS: UE behavior when TRP failure status is different across cells
· FFS: Whether PUCCH SR resource can be configured with 2 spatial relations

Agreements (RAN1#104-bis-e meeting):
· Support simultaneous configuration of cell-specific BFR and TRP-specific BFR in different CCs.
· FFS: whether cell-specific and TRP-specific BFR can be configured in the same CC. 

· Support S-DCI and M-DCI in TRP-specific BFR in Rel.17
· S-DCI is low priority, M-DCI is high priority
· Unified design for S-DCI and M-DCI should not be precluded due to the prioritization

On BFD-RS of TRP-specific BFR
· BFD-RS resource number: 
· The total number of RSs in two BFR-RS sets per DL BWP is a UE capability
· On the maximum number of RS per BFD-RS set, down-select from the following two alternatives in RAN1#105-e
· Alt1: max value is 2
· Alt2: max value is a UE capability, including possible candidate value of 1

Adopt the following beam failure detection criteria for each BFD-RS set
· The physical layer in the UE assesses the radio link quality per BFD-RS set and indicates the BFD-RS set index to higher layers every X ms, if the hypothetical PDCCH BLER of all BFD-RS in the corresponding set of BFD-RS is higher than a threshold
· X is max{minimal periodicity of BFD RS in the set, 2ms}

A UE configured with TRP-specific BFR can be configured with 1 PUCCH-SR resource in a cell group
· NOTE: it has been agreed in RAN1#104-e that a UE can be configured with up to 2 PUCCH-SR resources in a cell group

For the TRP specific BFR, for a UE configured with two PUCCH-SR resources in a cell group when beam failure is detected in a one or more CCs in one or more of BFD-RS sets configured in one or more of CCs,
· Down select one of the following PUCCH-SR resource selection rules when SR is triggered (or their combinations) for the study, without precluding other alternatives, in RAN1#105-e
· Alt-1: PUCCH-SR resource associated with other/non-failed BFD-RS set, association details FFS
· Alt-2: PUCCH-SR resource associated with failed BFD-RS set, association details FFS
· Alt-3: Leave it up to UE implementation
· Note: PUCCH-SR resource is PUCCH resource carrying SR
· FFS: Whether two PUCCH-SR resources are under the same or different SR resource configuration or SR configuration (eventual decision may or may not happen in RAN1)


The link recovery requirements includes three parts as follows:
· Beam failure detection
· Candidate beam detection
· Beam failure recovery request
In Rel-15, UE is only need to perform BFD/CBD measurements on SpCell(s). In Rel-16, BFD/CBD configured on SCell is supported, and the sharing factor for BFD/CBD measurements on multiple SCells are introduced into BFD/CBD measurement requirements. BFD/CBD measurements opportunities are shared among multiple SCells. However, BFD/CBD measurements on both SpCell and SCell are cell-specific BFR, and the total number of BFD-RS on one CC is limited to be not larger than 2.
In Rel-17, TRP-specific BFR is introduced for multi-TRP transmission. One or two BFD-RS sets can be configured in one CC for multi-TRP beam failure detection, where each TRP is associated with a BFD-RS set. According to RAN1’s agreements, the total number of RSs in two BFR-RS sets per DL BWP is a UE capability, and the maximum number of RS per BFD-RS set is 2 or a UE capability. So, the total number of BFD-RS on one CC configured with two TRP-specific BFR could be more than 2. In Rel-16, the BFD/CBD measurements opportunities are equally shared among multiple SCells configured with BFR. Obviously, the maximum number of BFD-RS on one CC is different between the SCell configured with cell-specific BFR and the SCell configured with cell-specific BFR. Whether the two kinds of SCells are still equally sharing the BFD/CBD measurements opportunities need to be studied in RAN4. RAN1 agreed that the physical layer in the UE assesses the radio link quality per BFD-RS set. Then, RAN4 investigates whether the BFD/CBD measurements opportunities are equally shared among multiple CCs or among multiple BFD-RS sets. When SpCell is configured with TRP-specific BFR, the BFD/CBD measurements opportunities on the SpCell need to be shared between the two BFD-RS sets if the BFD-RS set level sharing strategy is considered.
Proposal 7: Due to introducing TRP-specific BFR in Rel-17, RAN4 study whether the existing sharing strategy of BFD/CBD measurements can be reused. If it cannot be reused, RAN4 needs to study the sharing strategy of BFD/CBD measurements in Rel-17.
HST-SFN deployment
In Rel-16, high speed deployments are only applicable in FR1. In RRC_IDLE state, a shorter detect/ measure/evaluate time is defined for NR intra-frequency measurements requirements in high speed deployments. In RRC_CONNECTED state, RRM measurements relaxation with K=1.5 in DRX mode is not applied in high speed deployments. For Rel-17 NR FeMIMO, enhancement to support HST-SFN deployment scenario is introduced for both FR1 and FR2. Hence, the FR2 measurement requirements in HST-SFN deployment scenario need to be investigated.
Proposal 8: RAN4 need to evaluate FR2 measurement performance in HST-SFN deployments and investigate the FR2 measurement requirements applicable for HST-SFN deployments in Rel-17.
Discussion on LS [R1-2102248]
An LS [2] on TCI State Update for L1/L2-Centric Inter-Cell Mobility was sent to RAN2, RAN3 and RAN4. Question 5 and Question 6 are related with RAN4. Some discussion are provided in below.
Non-serving cell clarification
In the LS, the concept of non-serving cell (NSC) and serving cell (SC) exist. In our understanding the definition of these concepts shall be clarified firstly. In RAN2 TS38.331, the definition of ‘Serving Cell’ is specified as follows. 
	Serving Cell: For a UE in RRC_CONNECTED not configured with CA/DC there is only one serving cell comprising of the primary cell. For a UE in RRC_CONNECTED configured with CA/ DC the term 'serving cells' is used to denote the set of cells comprising of the Special Cell(s) and all secondary cells.


According to the definition, if a UE connects to more than one serving cell, CA or/and DC configuration is needed. Without configuring CA/DC, there is only one serving cell for a UE and all other cells are ‘non-serving cells’. 
Regarding L1/L2-centric inter-cell mobility, the source cell is a serving cell and the target cell is a non-serving cell. After “change”, the UE will establish connection with the target cell and release connection with the source cell. Therefore the serving cell is changed from the source cell to the target cell. 
In our understanding, PDSCH, PDCCH, PUSCH and PUSCH shall be on “serving cells”. UE can’t perform data reception and transmission on “non-serving cell”. 
Proposal 9: PDSCH, PDCCH, PUSCH and PUSCH shall be on “serving cells”. UE can’t perform data reception and transmission on “non-serving cell”.
Question 5: CA issues
	Question 5: In regard of CA issues, RAN1 is discussing whether the operation is supported only for intra-band CA scenario (i.e. UE is configured to operate with serving and non-serving cells that belong to the same frequency band) or for both intra-band CA and inter-band CA scenarios. Note that one common TCI state ID associated with a non-serving cell, if supported, may be optionally applied for CCs in a band.
1. Are there specific RAN2/4 issues (including higher-layer impact) that need to be considered for deciding  between the two alternatives? 


Question 5 is not quite clear.
Firstly, the concept of “CA” is ambiguous. In common understanding, intra-band CA scenario is that the primary serving cell and secondary serving cell(s) belong to the same frequency band, rather than the serving and non-serving cells belong to the same frequency band as described in the question. 
Secondly, what does “operation” mean?  It means “L1/L2-centric inter-cell mobility” or “inter-cell multi-TRP operation”, or both?
Proposal 10: The “CA scenario” and “operation” in the question needs to be clarified.
Assuming the “operation” refers to the inter-cell multi-TRP operation and the CA means two serving cells, question 5 is equivalent to “whether inter-cell multi-TRP operation is supported for intra-band CA scenario or for both intra-band CA and inter-band CA scenarios”, where two inter-cells are all serving cells. To support inter-band inter-cell multi-TRP operation, separate RF chains for CCs on different bands are needed. As each CC has separate baseband process, additional BB is request for inter-cell CC as well. The corresponding UE capability and implementation cost are vastly enhanced. Therefore we suggest only intra-band CA is supported.
Proposal 11: If the question refers to inter-cell multi-TRP operation in CA scenario, only intra-band CA is supported.
Assuming the “operation” refers to L1/L2-centric inter-cell mobility, and CA means that both serving cells and non-serving cells are inter-band/intra-band CA combination configuration, UE is required to perform inter-cell mobility between serving cells and non-serving cells. This scenario is considerable complicated. The beam management procedure shall be careful planed. Due to limited TU in the WI, we don’t think there is sufficient time to discuss such complex scenarios.
Question 6: Inter-frequency issues
	Question 6: In regard of inter-frequency issues, from RAN2/4 perspective, what would be the higher-layer and RRM impact assuming inter-frequency scenarios as opposed to intra-frequency scenarios? For intra-frequency scenario, it is assumed that SSBs of non-serving cells have the same center frequency and SCS as the SSBs of the serving cell.
· Note: RAN1 has agreed to support intra-frequency scenarios, whereas the support for inter-frequency scenarios is still for further study.



RAN1 has agreed to support intra-frequency L1/L2-Centric Inter-Cell Mobility, whereas the support for inter-frequency scenarios is still for further study. As we know the existing L1-RSRP measurement are performed on serving cells. If inter-frequency L1-RSRP measurement is required, UE needs to retune to an inter-frequency center frequency. This behaviour resembles as measurement with measurement gap. At this stage, it is not clear whether the offset, duration and pattern of the measurement gap for inter-frequency L1 measurement are aligned with MG for L3 measurement. If they are not aligned, more gaps (in other words, interruptions) are added on top of the existing MG. The UE throughput will be degraded. If they are aligned, as UE needs to perform Lay 1 measurement within gap, the measurement opportunities are competed with other layer 3 measurement. The CSSFwithingap will consider both L1 and L3 measurement. The measurement delay will be further enlarged. 
Due to the drawbacks mentioned above, we suggest to only consider intra-frequency L1/L2-Centric Inter-Cell Mobility.
Proposal 12: We suggest to only consider intra-frequency L1/L2-Centric Inter-Cell Mobility.
Discussion on LS [R1-2104142]
An LS [3] on timing assumption for inter-cell DL measurement was sent to RAN4. RAN4 is expected to provide answers for two questions related to timing assumption for L1/L2-centric inter-cell mobility. Some discussion are provided in below.
Question 1: RS configuration issue
	Question 1: In the context of L1/L2-centric inter-cell mobility, what are the implication(s)/benefit(s), if any, (from RAN4 perspective) of limiting the measurement for L1-RSRP on measurement RS of a non-serving cell within the SMTC window(s) (only applicable to SSB) for the above agreed L1-RSRP reporting? Conversely, what are the implication(s)/benefit(s), if any, of not limiting the measurement for L1-RSRP to be carried out within the SMTC window(s)?


In Rel-17, the UE performs L1-RSRP measurements of non-serving cell for L1/L2-centric inter-cell mobility based on the configured measurement RS. The non-serving cell configured for L1-RSRP measurements shall be detected by UE before UE starts to perform L1-RSRP measurements. So, UE has identified the non-serving cell and needs to perform RRM measurements on the non-serving cell for L3 mobility.
According to RAN1’s agreements, L1-RSRP measurements on non-serving cell is similar to L1-RSRP measurements on serving cell, which is expected to be more efficient than RRM measurements on non-serving cell for L3 mobility. So, L1-RSRP measurement period on non-serving cell is expected to be shorter than RRM measurement period.
RAN4 shall study the Rx beam assumption of L1-RSRP measurements on non-serving cell. It is assumed that UE performs SMTC based RRM measurements with rough beam pattern and performs L1-RSRP measurements on serving cell with fine beam pattern. In FR2, UE is not expected to perform RRM measurements and L1-RSRP measurements simultaneously, and the sharing factor P is introduced for L1-RSRP measurement requirements of serving cell.
If it is assumed that UE performs L1-RSRP measurements on non-serving cell with fine beam pattern, then UE shall not be expected to perform RRM measurements and L1-RSRP measurements on non-serving simultaneously. The SSB resources used for L1-RSRP measurements of non-serving cell needs to be outside SMTC window. However, the timing information of SSB resources configured for L1-RSRP measurements of non-serving cell need to be indicated by network.
If it is assumed that UE performs L1-RSRP measurements on non-serving cell with rough beam pattern as same as SMTC based RRM measurements, then UE can be expected to perform RRM measurements and L1-RSRP measurements on non-serving cell simultaneously. The SSB resources used for L1-RSRP measurements of non-serving cell can be configured within SMTC window, and L1-RSRP measurement period on non-serving cell need to be specified based on SMTC periodicity.
Proposal 13: RAN4 need to study the Rx beam assumptions for L1-RSRP measurements on non-serving cell, and the following two options can be considered.
· Option 1: UE is assumed to perform L1-RSRP measurements on non-serving cell with fine beam pattern.
· Option 2: UE is assumed to perform L1-RSRP measurements on non-serving cell with rough beam pattern as same as SMTC based RRM measurements
Proposal 14: For Option 1, UE is expected to perform L1-RSRP measurements on non-serving cell outside SMTC windows, and the timing information of SSB resources configured for L1-RSRP measurements on non-serving cell need to be indicated by network.
Proposal 15: For Option 2, UE can perform L1-RSRP measurements on non-serving cell based on the SSB resources within SMTC windows, and the L1-RSRP measurement period on non-serving cell need to be specified based on SMTC periodicity.
Question 2: Receive timing issue
	Question 2: In the context of L1/L2-centric inter-cell mobility, for measurement on measurement RS of a non-serving cell, with the above agreed L1-RSRP reporting, if the receive timing of the measurement RS from the non-serving cell can be different from the receive timing of the signals from the serving cell, what are the implication(s)/benefit(s), if any, from RAN4 perspective? 


The L1-RSRP measurements of non-serving cell will be used for L1/L2-centric inter-cell mobility. So, the typical scenario for inter-cell mobility will be non-co-located deployments, i.e. serving cell and the target cell are non-co-located. So, the receive timing will be different between the serving cell and the target cell. The relative receive timing difference between the serving cell and the target cell consists of cell synchronization error and the propagation delay difference. If the receive timing of the measurement RS from the non-serving cell is assumed to be same as the receive timing of the signals from the serving cell, then it implicates that the serving cell and the target cell are synchronized and there is no propagation delay difference between the serving cell and the target cell. The applicable scenarios for L1/L2-centric inter-cell mobility will be quite limited.
The non-serving cell configured for L1-RSRP measurements shall be detected by UE before UE starts to perform L1-RSRP measurements. So, UE has identified the non-serving cell and could obtain the receive timing information of the non-serving cell based on detecting SSB resource within SMTC window.
Proposal 16: Considering the typical scenarios for inter-cell mobility, the receive timing of the measurement RS from the non-serving cell can be different from the receive timing of the signals from the serving cell, otherwise the applicable scenarios for L1/L2-centric inter-cell mobility will be quite limited.

Conclusions
This contribution provides our analysis on beam management impacts for R17 NR FeMIMO. The following are provided:
Proposal 1: For L1/L2-centric inter-cell mobility, RAN4 investigate the beam measurement/reporting requirements on non-serving cell(s), and at least SSB based beam measurement/reporting requirements on non-serving cell(s) need to be defined.
Proposal 2: The L1-RSRP measurement/reporting requirements on serving cell(s) can be used as a starting point to define the beam measurement/reporting requirements on non-serving cell(s).
Proposal 3: For L1-RSRP measurements in FR2, the existing measurement restriction requirements in Rel-16 cannot be reused for multi-TRP transmission in R17 and RAN4 shall study new measurement restriction requirements for multi-TRP transmission.
Proposal 4: RAN4 study whether to introduce the sharing factor for multiple beam pairs/groups into L1-RSRP measurement period requirements.
Proposal 5: It is suggested that the existing L1-RSRP measurement accuracy requirements can be applied for multi-TRP transmission in Rel-17.
Proposal 6: The existing scheduling restriction requirements for L1-RSRP measurements can be applied in Rel-17.
Proposal 7: Due to introducing TRP-specific BFR in Rel-17, RAN4 study whether the existing sharing strategy of BFD/CBD measurements can be reused. If it cannot be reused, RAN4 needs to study the sharing strategy of BFD/CBD measurements in Rel-17.
Proposal 8: RAN4 need to evaluate FR2 measurement performance in HST-SFN deployments and investigate the FR2 measurement requirements applicable for HST-SFN deployments in Rel-17.
Proposal 9: PDSCH, PDCCH, PUSCH and PUSCH shall be on “serving cells”. UE can’t perform data reception and transmission on “non-serving cell”.
Proposal 10: The “CA scenario” and “operation” in the question needs to be clarified.
Proposal 11: If the question refers to inter-cell multi-TRP operation in CA scenario, only intra-band CA is supported.
Proposal 12: We suggest to only consider intra-frequency L1/L2-Centric Inter-Cell Mobility.
Proposal 13: RAN4 need to study the Rx beam assumptions for L1-RSRP measurements on non-serving cell, and the following two options can be considered.
· Option 1: UE is assumed to perform L1-RSRP measurements on non-serving cell with fine beam pattern.
· Option 2: UE is assumed to perform L1-RSRP measurements on non-serving cell with rough beam pattern as same as SMTC based RRM measurements
Proposal 14: For Option 1, UE is expected to perform L1-RSRP measurements on non-serving cell outside SMTC windows, and the timing information of SSB resources configured for L1-RSRP measurements on non-serving cell need to be indicated by network.
Proposal 15: For Option 2, UE can perform L1-RSRP measurements on non-serving cell based on the SSB resources within SMTC windows, and the L1-RSRP measurement period on non-serving cell need to be specified based on SMTC periodicity.
Proposal 16: Considering the typical scenarios for inter-cell mobility, the receive timing of the measurement RS from the non-serving cell can be different from the receive timing of the signals from the serving cell, otherwise the applicable scenarios for L1/L2-centric inter-cell mobility will be quite limited.
Proposal 16: Considering the typical scenarios for inter-cell mobility, the receive timing of the measurement RS from the non-serving cell can be different from the receive timing of the signals from the serving cell, otherwise the applicable scenarios for L1/L2-centric inter-cell mobility will be quite limited.
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