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1 Introduction
In RAN4#99 meeting, WF is provided as follows:
	· In RAN4 #99e meeting, companies provide the input for overall RRM impact for feMIMO. Among the objectives, RAN4 will firstly focus on objectives below
· 1-a Unified TCI for DL and UL
· 1-b: L1/L2 centric inter-cell mobility
· 1-c: Beam indication signaling medium
· Other objectives can be discussed up to RAN1/2 discussion status



According to the WF, three topics will be discussed firstly. In this meeting, we will provide our views regarding these issues.
2 Unified TCI for DL and UL
RAN1 is discussing Unified TCI framework to support indication of common beam using, there are two types of TCI framework:
(1) Joint DL/UL TCI
Joint DL/UL is used when there is Perfect beam correspondence between DL and UL and the same beam is used for both DL and UL. A common source reference RS is used for determining both the DL QCL information and the UL TX spatial filter.
(2) Separate DL and UL TCI
Separate DL/UL TCI is used for case with no beam correspondence and different beams are used in DL and UL. The new UL TCI concept will replace uplink spatialRelationInfo, a source reference signal in the UL TCI will provide a reference for determining UL TX spatial filter.
In RAN1 #105 meeting, there are some agreements for Unified TCI framework:
	Agreements from RAN1#105-e:

Agreement
On Rel.17 unified TCI framework, 
· Any DL RS that is a valid target DL RS of a Rel-15/16 TCI state based on the Rel-15/16 QCL rules can be configured as a target DL RS of Rel-17 DL TCI (hence the Rel-17 DL TCI state pool)
· Note: This does not imply that all such DL RSs necessarily share a same TCI state
· The DL RS includes CSI-RS and DMRS for PDSCH or PDCCH
· FFS: Whether some SRS resources or resource sets for BM can be configured as a target signal/channel of a Rel-17 UL TCI (hence the Rel-17 UL TCI state pool)
· Note: This does not imply that DL and UL TCI state pools are separate or shared for separate DL/UL TCI (this issue is still TBD)

Agreement
For M=N=1, on Rel-17 unified TCI, for separate DL/UL TCI, one instance of beam indication using DCI formats 1_1/1_2 (with and without DL assignment) can be used as follows: 
· One TCI field codepoint represents a pair of DL TCI state and UL TCI state. If the DCI indicates such a TCI field codepoint, the UE applies the corresponding DL TCI state and UL TCI state.
· One TCI field codepoint represents only a DL TCI state. If the DCI indicates such a TCI field codepoint, the UE applies the corresponding DL TCI state, and keeps the current UL TCI state.
· One TCI field codepoint represents only an UL TCI state. If the DCI indicates such a TCI field codepoint, the UE applies the corresponding UL TCI state, and keeps the current DL TCI state.
FFS: the cases of M or N>1


Agreement
On path-loss measurement for Rel.17 unified TCI framework, a PL-RS (configured for path-loss calculation) is either included in UL TCI state or (if applicable) joint TCI state or associated with UL TCI state or (if applicable) joint TCI state.
· Whether a UE supports “beam misalignment or not” (detailed definition FFS) between the DL source RS in the UL or (if applicable) joint TCI state to provide spatial relation indication and the PL-RS is a UE capability
· Note: The term “beam misalignment” is for discussion purpose only
· Whether it is ‘included in’ or ‘associated with’ (including the manner it is performed and the signaling) is up to RAN2
· The UE maintains the PL-RS of the activated UL TCI state or (if applicable) joint TCI state
· The maximum number of activated UL TCI states or (if applicable) joint TCI states per band per cell is a UE capability
· FFS: detailed aspects of PL-RS, e.g. CSI-RS type(s), restriction on configuration
· FFS: For the definition of “beam misalignment or not”, at least consider the case where the periodic DL source RS in the UL or (if applicable) joint TCI state to provide spatial relation indication is configured/associated as the PL-RS
· Note: PL-RS is assumed to be periodic




Observation 1: New UL TCI concept will replace uplink spatialRelationInfo, a source reference signal in the UL TCI will provide a reference for determining UL TX spatial filter.
For separate UL TCI frame, since new UL TCI concept will replace uplink spatialRelationInfo, delay requirement for UL TCI state switch is needed.
Observation 2: On path-loss measurement for Rel.17 unified TCI framework, a PL-RS (configured for path-loss calculation) is either included in UL TCI state or (if applicable) joint TCI state or associated with UL TCI state or (if applicable) joint TCI state.

From the RAN1’s the agreement, PL-RS may be also included. In current RAN4 spec, the delay of PL-RS has already been considered for MAC-CE based uplink spatial info switch, then we may also consider the impact of PL-RS in UL TCI state.
For joint TCI frame, a common source reference RS is used for determining both the DL QCL information and the UL TX spatial filter. whether the delay requirement can refer to the DL/UL TCI state switch respectively or a maximum delay time is used needs further study.

Proposal 1: For separate TCI framework, delay requirement for UL TCI state switch is needed and the impact of PL-RS will be considered.
Proposal 2: For Joint TCI framework, delay requirement for Joint TCI state switch needs further discussion. 
3 L1/L2 centric inter-cell mobility
In RAN #92e meeting, the WID is updated as follows:
	· Extend specification support in the following areas [RAN1]
1. Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1: 
0. Identify and specify features to facilitate more efficient (lower latency and overhead) DL/UL beam management for intra-cell and inter-cell scenarios to support higher UE speed and/or a larger number of configured TCI states:
0. Common beam for data and control transmission/reception for DL and UL, especially for intra-band CA
0. Unified TCI framework for DL and UL beam indication
0. Enhancement on signaling mechanisms for the above features to improve latency and efficiency with more usage of dynamic control signaling (as opposed to RRC)
0. For inter-cell beam management, a UE can transmit to or receive from only a single cell (i.e. serving cell does not change when beam selection is done). This includes L1-only measurement/reporting (i.e. no L3 impact) and beam indication associated with cell(s) with any Physical Cell ID(s) 
0. The beam indication is based on Rel-17 unified TCI framework
0. The same beam measurement/reporting mechanism will be reused for inter-cell mTRP
0. This work shall only consider intra-DU and intra-frequency cases
0. 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 
1. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
1. 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 
1. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception based on Rel-15/16 TCI framework
1. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
1. Enhancement to support HST-SFN deployment scenario:
3. 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
3. 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
…
· Investigate if the requirements on link recovery procedure is suitable for FR2 serving cells [RAN4]
· Specify higher layer support of enhancements listed above, at least including [RAN2]
· For inter-cell beam management: MAC (if any) and RRC enhancements (including signaling, measurement configuration and TCI state switching) assuming no impact to serving cell (i.e. serving cell does not change when beam selection is done)
· Specify signaling between CU and DU to enable inter-cell beam management if any [RAN3]
· Specify core requirements associated with the items specified by RAN1, at least including [RAN4]
· UE requirements for inter-cell beam management




Most changes are related to inter-cell beam management. It clarified that:
1. For L1/L2 centric mobility, serving cell does not change when beam selection is done.
1. For inter-cell beam management, a UE can transmit to or receive from only a single cell.
1. Only consider intra-DU and intra-frequency cases.
1. UE requirement for inter-cell beam management will be specified
When we discuss the inter-cell beam management, we can take these conditions into account. 

Observation 3: For L1/L2 centric mobility, serving cell will not change when beam selection is done.
Observation 4. For inter-cell beam management, UE will not measure multiple L1-RSRPs simultaneously.
Observation 5. For inter-cell management, only need to define intra-frequency related requirement. 
Proposal 3: Requirements for inter-cell beam management is needed to be defined in RRM part.
Proposal 4: For inter-cell beam management, requirement will be defined if UE only measure one L1-RSRP from one cell. There is no requirement if UE receive multiple L1-RSRP simultaneously.
Proposal 5: For inter-cell beam management, RAN4 only define intra-frequency related requirement. 

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, here, we will discuss SSB based L1-RSRP related requirement firstly.

When defining the requirements based on L1-RSRP, it will be discussed based on if L1-RSRP is within the SMTC.
(1) L1-RSRP is within the SMTC:
A. Side condition. 
From our understanding, the legacy SNR=-6dB for neighbor cell measurement can be re-used.
B. Measurement period. 
For FR2, since different Rx beam will be used for L1 and L3 measurement, sharing factor will be introduced. The measurement period will be extended by the sharing factor for the following two scenarios:
· P is Psharing factor, when SSB is not overlapped with measurement gap and SSB is fully overlapped with SMTC period (TSSB = TSMTCperiod).
· P is , when SSB is partially overlapped with measurement gap and SSB is fully overlapped with SMTC occasion (TSSB = TSMTCperiod) and SMTC occasion is partially overlapped with measurement gap (TSMTCperiod < MGRP)
C. Measurement restriction.
From the modified WID, UE will only receive one non-serving L1-RSRP at one time, therefore, there will be no confliction between L1-RSRP measurement from multiple cells. However, there will still be confliction between non-serving cell L1-RSRP measurement with other L1 measurement from serving cell for FR2 since the receiving beam is different. 
For legacy requirement, when the SSB for L1-RSRP measurement on one CC is in the same OFDM symbol as CSI-RS for RLM, BFD, CBD or L1-RSRP measurement on the same CC or different CCs in the same band, UE is required to measure one of but not both SSB for L1-RSRP measurement and CSI-RS. Longer delay is expected. Therefore, when the SSB for non-serving cell L1-RSRP measurement is in the same OFDM symbol as CSI-RS for RLM, BFD, CBD or L1-RSRP measurement of serving cell, no requirement will be defined either.

D. Scheduling restriction. 
Re-use legacy intra-frequency SSB based L3 measurement scheduling restriction.

Proposal 6: If non-serving cell L1-RSRP is configured in SMTC, the SSB for non-serving cell L1-RSRP measurement conflicts with other CSI-RS based serving cell L1 measurement, no requirement will be defined.

(2) L1-RSRP is outside the SMTC:
When the SSB resources used for L1-RSRP measurements of non-serving cell is outside SMTC window, UE would need to perform additional cell identification. Besides, confliction between non-serving cell L1-RSRP, SMTC, measurement gap and serving cell L1-RSRP are also needed to be considered. the measurement period and restriction requirement are more complex.

Proposal 7: If non-serving cell L1-RSRP is configured without SMTC, UE would need to perform additional cell identification.
4 Beam indication signaling medium
For beam indication, there is agreement from RAN1:
	Agreements from RAN1#105-e:

On Rel-17 DCI-based beam indication, regarding application time of the beam indication, the first slot that is at least X ms or Y symbols after the last symbol of the acknowledgment of the joint or separate DL/UL beam indication.
· Note: The gap between the last symbol of the beam indication DCI and that first slot shall satisfy the UE capability
· FFS: Application time and whether additional offset is needed for the application time in case of cross carrier beam indication and common TCI state ID update across a set of configured CCs if CCs have different SCSs 
· FFS: Whether inter-cell beam switching needs higher X/Y values than intra-cell
· FFS: Whether application time can be indicated/determined dynamically for different scenarios, e.g. cross CC, inter-cell, inter-panel without reverting previous RAN1 agreements.



From the RAN1’s agreement, the action time should be after the transmission of ACK of the beam indication signal, which is similar to MAC CE based TCI update. Therefore, for DCI based beam indication, the delay requirement needs update.

Proposal 8: For DCI based beam indication, the delay requirement needs update by referring to RAN1 requirement where transmission of ACK is considered .
5 Conclusion	 
In this contribution, we provide our views regarding RRM enhancement for multi-beam enhancement: 
Observation 1: New UL TCI concept will replace uplink spatialRelationInfo, a source reference signal in the UL TCI will provide a reference for determining UL TX spatial filter.
Observation 2: On path-loss measurement for Rel.17 unified TCI framework, a PL-RS (configured for path-loss calculation) is either included in UL TCI state or (if applicable) joint TCI state or associated with UL TCI state or (if applicable) joint TCI state.
Proposal 1: For separate TCI framework, delay requirement for UL TCI state switch is needed and the impact of PL-RS will be considered.
Proposal 2: For Joint TCI framework, delay requirement for Joint TCI state switch needs further discussion. 
Observation 3: For L1/L2 centric mobility, serving cell will not change when beam selection is done.
Observation 4. For inter-cell beam management, UE will not measure multiple L1-RSRPs simultaneously.
Observation 5. For inter-cell management, only need to define intra-frequency related requirement. 
Proposal 3: Requirements for inter-cell beam management is needed to be defined in RRM part.
Proposal 4: For inter-cell beam management, requirement will be defined if UE only measure one L1-RSRP from one cell. There is no requirement if UE receive multiple L1-RSRP simultaneously.
Proposal 5: For inter-cell beam management, RAN4 only define intra-frequency related requirement. 
Proposal 6: When the SSB for non-serving cell L1-RSRP measurement conflicts with other CSI-RS based serving cell L1 measurement, no requirement will be defined.
Proposal 7: If non-serving cell L1-RSRP is configured without SMTC, UE would need to perform additional cell identification.
Proposal 8: For DCI based beam indication, the delay requirement needs update by referring to RAN1 requirement where transmission of ACK is considered .
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