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1. Introduction 
In RAN4#99-e the work plan for RRM requirements for FeMIMO was discussed and way forward [1] was approved. 
	RAN4 Prioritized objectives
· 1-a Unified TCI for DL and UL
· 1-b: L1/L2 centric inter-cell mobility
· 1-c: Beam indication signaling medium



In this contribution we present our views on scope and impact of RRM requirements related to L1/L2 centric mobility and unified TCI framework.  
2. Discussion
Unified TCI for DL and UL
RAN1 is discussing enhancements for unified TCI for UL and DL. The following agreements were made in RAN1#104-e:
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Based on the agreements in RAN1, we need to discuss and define requirements for unified TCI framework. 
QCL Definition
One of the enhancements in RAN1 for unified TCI framework in Rel-17 is to introduce UL TCI. In R15/16, TCI state/ QCL was only associated with DL signals, but in Rel-17 they can also be indicated for dynamic-grant/configured-grant based PUSCH and all of dedicated PUCCH resources in a CC. With this enhancement, the QCL definition in  Applicability of requirements in TS 38.133 § 3.6.7 should be also be updated. Currently, the QCL definition only applies to DL signal – PDSCH and PDCCH. The definition needs to be extended to PUCSH and PUCCH in Rel-17.
Observation #1: Currently the definition of QCL is only applicable to PDSCH and PDCCH. 
We propose to update the definition of QCL to be applicable to PUCCH and PUSCH. 
Proposal #1: Update the definition of QCL to be applicable to PUCCH and PUSCH in Applicability of requirements for QCL. 
Based on RAN1 agreements, the supported source RS for UL TX spatial filter are,
· SRS
· SSB
· CSI-RS for tracking
· CSI-RS for Beam Management
While SRS and SSB can only be directly associated with target UL signal, CSI-RS for tracking and beam management can be part of a QCL chain. We propose to include SRS as resource in TCI chain definition.
Proposal #2: Update TCI chain definition to include SRS.
Based on the above proposals, we recommend updating the applicability of QCL definition as below. 
[image: Graphical user interface, text, application, email

Description automatically generated]

TCI State Switching Requirements 
Based on the enhancement for unified TCI framework, RAN4 needs to define requirements for TCI state switch for these cases. Firstly, we need to discuss TCI state switching for UL in case of separate TCI state for UL. This shall be applicable for cases where separate UL TCI is specified. 
In R15/16 we have requirements for DL TCI state switch and UL spatial relation info switch. In Rel-17, as part of unified TCI framework, we have joint UL/DL TCI. RAN4 should discuss and define TCI state switching delay for joint TCI for DL and UL. 
Proposal #3: For the unified TCI framework, RAN4 discusses and defines requirements for (1) TCI state switching delay for UL for separate TCI for UL, (2) TCI state switching delay for DL and UL for joint TCI.

L1/L2 Centric Mobility
In RAN#92e, there was agreement to limit the scope of inter-cell beam management to intra-DU, intra-frequency cases. There was also clarification that UE can only transmit and receive from a single cell. 
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2.1.1 L1-RSRP Measurements
To enable L1/L2 centric mobility, the UE needs to be configured with measurements for non-serving cell. RAN1 has the following agreements: 
Agreements in RAN1#104e:
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Agreements in RAN1#105-e:
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Based on the above agreements in RAN1 and RAN#92e, the measurements on non-serving cell are –
· SSB based
· Limited to measurements on same frequency layer/ intra-frequency measurements
· L1-RSRP based measurements
It is still FSS if CSI-RS based measurements are supported and if the measurements are limited to SMTC. 
Observation #2: Based on current agreements in RAN1 and RAN Plenary, neighbor cell measurements to support L1/L2 centric mobility are SSB based intra-frequency L1-RSRP measurements. 
Firstly, we would like to discuss SSB based L1-RSRP measurements for neighbor cell. RAN4 needs to specify:
· Measurement period
· Measurement restriction
· Scheduling restriction
Proposal #4: RAN4 should define (1) Measurement period, (2) Measurement restriction and (3) Scheduling restriction for SSB based L1-RSRP measurements on neighbor cell.

Measurement period
The measurement period for neighbor cell L1-RSRP measurements could be based on the existing serving cell L1-RSRP measurements for FR1 and FR2.   
Proposal #5: Define SSB based L1-RSRP measurement period for neighbor cell similar to existing serving cell requirements. 
The measurement period on neighbor cell for FR1 and FR2 could be defined as: 
Measurement period TL1-RSRP_Neighbor_Measurement_Period_SSB for FR1
	Configuration
	TL1-RSRP_Neighbor_Measurement_Period_SSB (ms) 

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

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

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

	Note 1:	TSSB_neighbor is the periodicity of the SSB-Index configured for L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.
Note 2:	K = 1 when TSSB ≤ 40 ms and highSpeedMeasFlag-r16 are configured; otherwise K = 1.5.



Measurement period TL1-RSRP_Neighbor_Measurement_Period_SSB for FR2
	Configuration
	TL1-RSRP_Neighbor_Measurement_Period_SSB (ms) 

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

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

	DRX cycle > 320ms
	ceil(1.5*M*P*N)*TDRX

	Note:	TSSB_neighbor is the periodicity of the SSB-Index configured for L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.



Where,
-	M=1 if higher layer parameter timeRestrictionForChannelMeasurement is configured, and M=3 otherwise 
-	N= 8.
The definition of P shall depend on whether the non-serving cell L1-RSRP measurements shall be limited to SMTC or not. 
Observation #3: Definition of ‘P’ in measurement period shall depend on whether L1-RSRP measurements for non-serving cell are limited to SMTC. 

For example, in FR1, if neighbor cell measurement is not limited to SMTC, not overlapping with SSB of serving cell
-	P=, when in the monitored cell there are measurement gaps configured for intra-frequency, inter-frequency or inter-RAT measurements, which are overlapping with some but not all occasions of the SSB; and
-	P=1 when in the monitored cell there are no measurement gaps overlapping with any occasion of the SSB.
If non-serving cell measurement is limited to SMTC, we need to consider resource sharing between L3 measurements of other neighbor cells. Whereas, if it is not limited to SMTC, resource sharing between serving and non-serving cell for L1-RSRP measurements. RAN4 should discuss definition of ‘P’ once RAN1 concludes on whether L1-RSRP measurements should be limited to SMTC or not.
Proposal #6: RAN4 further discussed definition of P for L1-RSRP measurement on neighbor cell once RAN1 has agreement on whether it should be limited to SMTC or not. 

Measurement restriction
We need to define measurement restriction on SSB based L1-RSRP measurements, if the SSB from non-serving cell is on the same OFDM symbol as SSB or CSI-RS from serving cell for other L1 measurements as follows: 
For FR1, when the SSB from neighbor cell for L1-RSRP measurement is in the same OFDM symbol as CSI-RS from serving cell for RLM, BFD, CBD or L1-RSRP measurement, 
· If SSB and CSI-RS have same SCS, UE shall be able to measure the SSB for L1-RSRP measurement without any restriction;
· If SSB and CSI-RS have different SCS,
· If UE supports simultaneousRxDataSSB-DiffNumerology, UE shall be able to measure the SSB for L1-RSRP measurement without any restriction;
· If UE does not support simultaneousRxDataSSB-DiffNumerology, UE is required to measure one of but not both SSB for L1-RSRP measurement and CSI-RS. Longer measurement period for SSB based L1-RSRP measurement is expected, and no requirements are defined.

For FR1, when the SSB from neighbor cell for L1-RSRP measurement is in the same OFDM symbol as SSB from serving cell for RLM, BFD, CBD or L1-RSRP measurement, UE shall be able to measure SSB from both serving and neighbor cell without any restriction.
For FR2, when the SSB from neighbor cell for L1-RSRP measurement on one CC is in the same OFDM symbol as CSI-RS or SSB from serving cell 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 measurement period for SSB based L1-RSRP measurement is expected, and no requirements are defined.
For FR2, there is no measurement restriction allowed when the network configures mixed numerology between SSB from neighbor cell for L1-RSRP measurement on one FR2 band and CSI-RS or SSB from serving cell for RLM, BFD, CBD, L1-RSRP or L1-SINR measurement on the other FR2 band, provided that UE is capable of independent beam management on this FR2 band pair.

Proposal #7: Define Measurement restriction on SSB based L1-RSRP measurements for non-serving cell, if the SSB from non-serving cell is on the same OFDM symbol as SSB or CSI-RS from serving cell for other L1 measurements.
Scheduling Restrictions
For SSB based L1-RSRP measurements on non-serving cell, the following scheduling availability need to be defined:
· Scheduling availability of UE performing L1-RSRP measurement on with a same subcarrier spacing as PDSCH/PDCCH on FR1
· Scheduling availability of UE performing L1-RSRP measurement with a different subcarrier spacing than PDSCH/PDCCH on FR1
· Scheduling availability of UE performing L1-RSRP measurement on FR2
· Scheduling availability of UE performing L1-RSRP measurement on FR1 or FR2 in case of FR1-FR2 inter-band CA
Proposal #8: Define scheduling availability for UE performing L1-RSRP measurement on neighbor cell. 

2.1.2 TCI State Switching Delay
To enable L1/L2 based inter-cell mobility, the UE shall be indicated a new beam from non-serving cell via TCI state switch command. The new beam indication could be MAC CE or DCI based. RAN4 should define requirements for TCI state switch for neighbor cell.
Proposal #9: RAN4 needs to define requirements for TCI state switch for neighbor cell to support L1/L2 centric inter-cell mobility. 
For TCI state switch on serving cell, we have known condition for TCI state. The switching delay requirements are based on the type of switch (MAC-CE, DCI or RRC based), whether the TCI state is known or unknown, whether the target TCI state is in the active TCI state list monitored by the UE. Similarly for TCI state switch on neighbor cell, we need to define known TCI state. The definition of known TCI state can be based on the existing definition for TCI state switch on serving cell.
Proposal #10: Define known TCI state for non-serving cell based on the definition for serving cell. 
The new beam indication could be sent on MAC CE or DCI. Hence, MAC-CE and DCI based TCI state switch for non-serving cell should be defined.
Proposal #11: Define MAC CE and DCI based TCI state switch for non-serving cell.

In R15, we defined TCI state switching delay for serving cell. For TCI state switch on serving cell, the components of delay were:
· MAC-CE Decoding/ RRC processing time 
· Time acquisition delay if target TCI was not in active TCI list monitored by UE
· Time for RX beam acquisition if target TCI state is unknown.

The switching delay for TCI state switch for non-serving cell needs to consider the following: 
· MAC-CE decoding or DCI processing time
· Time acquisition delay if target TCI was not in active TCI list monitored by UE
· Time for RX beam acquisition if target TCI state is unknown.
· Time for Active BWP switch
The new component of delay for TCI state switch for non-serving cell that needs to be considered is BWP switch. The SCS and BW of the non-serving cell could be different from the serving cell, and hence may require a BWP switch to receive from the non-serving cell.
Proposal #12: Components of delay for TCI state switching for non-serving cell are (1) MAC-CE decoding or DCI processing time, (2) Time acquisition delay if target TCI was not in active TCI list monitored by UE, (3) Time for RX beam acquisition if target TCI state is unknown, (4) Time for Active BWP switch.
If TCI state change involves a BWP switch, it might cause interruption to other serving CCs. Hence, we might need to also consider interruption requirements for TCI state switch to non-serving cell.
Proposal #13: Discuss and define interruption requirements for TCI state switch to non-serving cell. 
It is agreed to use unified TCI framework for inter-cell mobility, so any new requirements for unified TCI state switch should also consider TCI state switch to non-serving cell.
Proposal #14: Consider TCI state switch to non-serving cell in new requirements for unified TCI framework. 
3. Conclusion
In this paper, we provide our views on scope and impact of RRM requirements related to L1/L2 centric mobility and unified TCI framework Our observations and proposals are captured below:
Unified TCI for DL and UL
Observation #1: Currently the definition of QCL is only applicable to PDSCH and PDCCH. 
Proposal #1: Update the definition of QCL to be applicable to PUCCH and PUSCH in Applicability of requirements for QCL. 
Proposal #2: Update TCI chain definition to include SRS.
Proposal #3: For the unified TCI framework, RAN4 discusses and defines requirements for (1) TCI state switching delay for UL for separate TCI for UL, (2) TCI state switching delay for DL and UL for joint TCI.

L1/L2 Centric Mobility
L1-RSRP Measurements for non-serving cell
Observation #2: Based on current agreements in RAN1 and RAN Plenary, neighbor cell measurements to support L1/L2 centric mobility are SSB based intra-frequency L1-RSRP measurements. 
Proposal #4: RAN4 should define (1) Measurement period, (2) Measurement restriction and (3) Scheduling restriction for SSB based L1-RSRP measurements on neighbor cell.
Proposal #5: Define SSB based L1-RSRP measurement period for neighbor cell similar to existing serving cell requirements. 
Observation #3: Definition of ‘P’ in measurement period shall depend on whether L1-RSRP measurements for non-serving cell are limited to SMTC. 
Proposal #6: RAN4 further discussed definition of P for L1-RSRP measurement on neighbor cell once RAN1 has agreement on whether it should be limited to SMTC or not. 
Proposal #7: Define Measurement restriction on SSB based L1-RSRP measurements for non-serving cell, if the SSB from non-serving cell is on the same OFDM symbol as SSB or CSI-RS from serving cell for other L1 measurements.
Proposal #8: Define scheduling availability for UE performing L1-RSRP measurement on neighbor cell. 

TCI State Switch for non-serving cell
Proposal #9: RAN4 needs to define requirements for TCI state switch for neighbor cell to support L1/L2 centric inter-cell mobility. 
Proposal #10: Define known TCI state for non-serving cell based on the definition for serving cell. 
Proposal #11: Define MAC CE and DCI based TCI state switch for non-serving cell.
Proposal #12: Components of delay for TCI state switching for non-serving cell are (1) MAC-CE decoding or DCI processing time, (2) Time acquisition delay if target TCI was not in active TCI list monitored by UE, (3) Time for RX beam acquisition if target TCI state is unknown, (4) Time for Active BWP switch.
Proposal #13: Discuss and define interruption requirements for TCI state switch to non-serving cell. 
Proposal #14: Consider TCI state switch to non-serving cell in new requirements for unified TCI framework. 
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Conclusion

On Rel.17 unified TCI framework, based on the agreements in RAN1#102-e and 103-e, the following terms
are defined as follows (at least for the purpose of discussion and reaching agreements).

For M=1:

e DL TCI: The source reference signal(s) (analogous to Rel.15, two, if qcl Type2 is configured in
addition to qcl Typel) in the DL TCI provides QCL information at least for UE-dedicated reception
on PDSCH and all of CORESETSs in a CC

For N=1:
e UL TCI: The source reference signal in the UL TCI provides a reference for determining UL TX

resources in a CC
For M=N=1:

e Joint DL/UL TCI: A TCI refers to at least a common source reference RS used for determining both
the DL QCL information and the UL TX spatial filter.

e Separate DL/UL TCI: The DL TCI and UL TCI are distinct (therefore, separate).

For M>1:

e DL TCI: Each of the M source reference signals (or 2M, if qcl Type?2 is configured in addition to
gcl Typel) in the M DL TCIs provides QCL information at least for one of the M beam pair links for
UE-dedicated receptions on PDSCH and/or subset of CORESETSs in a CC

For N>1:

e UL TCI: Each of the N source reference signals in the N UL TCIs provide a reference for determining
UL TX spatial filter at least for one of the N beam pair links associated with dynamic-
grant(s)/configured-grant(s) based PUSCH, and/or subset of dedicated PUCCH resources in a CC

For M>1 and/or N>1:

e Joint DL/UL TCI: A TCI refers to at least a common source reference RS used for determining both
the DL QCL information and the UL TX spatial filter. In this case, M=N.

e Separate DL/UL TCI: The M DL TClIs and N UL TClIs are distinct (therefore, separate).

Note: Other TCI types/terms such as “common TCI” are not used.
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3.6.7  Applicability of QCL

For the requirements specified in this version of the specification, a reference signal is considered to be QCLed to
another reference signal if it is in the same TCI chain as the other reference signal, provided that the number of
Reference Signals in the chain is no more than 4. It is assumed there is single QCL type per TCI chain.

A TCI chain consists of an SSB, and one or more CSI-RS resources, or SRS resource, and the TCI state of each
Reference Signal includes another Reference Signal in the same TCI chain.

DMRS of PDCCH or PDSCH is QCLed with the reference signal in its active TCI state and any other reference signal
that is QCLed, based on above criteria, with the reference signal in the active TCI state.

DMRS of PUCCH or PUSCH is QCLed with the reference signal in its active TCI state and any other reference signal
that is QCLed, based on above criteria, with the reference signal in the active TCI state.
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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 for intra-cell and inter-cell scenarios to support higher UE speed 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
iv. w (ie.

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)
1. The beam indication is based on Rel-17 unified TCI framework
2. The same beam measurement/reporting mechanism will be reused for inter-cell
mTRP
3. This work shall only consider intra-DU and intra-frequency cases
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
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On Rel.17 multi beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-
cell mTRP:

= 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.

o 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
o FFS: The number of non-serving cell(s) for measurement/reporting
o FFS: time behavior of the reporting, i.e. periodic, semi-persistent, aperiodic, or UE-initiated
e FFS: If other reporting quantities are supported, e.g. L3-RSRP, hybrid L1/L3-RSRP
e FFS: Dynamic activation/deactivation/selection of the beam measurement on the RS(s) associated
with non-serving cell(s) via MAC CE
e FFS: Timing assumption (e.g. time of arrival and time of the measurement) for measurement of
non-serving cell RS measurement
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On Rel.17 L1-RSRP multi-beam measurement/reporting enhancements for L1/L2-centric inter-cell mobilit
and inter-cell mTRP, decide by RANT#106-c whether to support the fllowing RS types as measurement RS
e CSI-RS for mobility/RRM associated with a non-serving cell
e CSI-RS for BM associated with a non-serving cell
e CSI-RS for tracking associated with a non-serving cell
Note: If another beam metric other than L1-RSRP is supported (e.g. L3-RSRP is still FFS), the above also
applies
Note: An RS is associated with a non-serving cell means that it is either configured for a non-serving cell or
configured for a serving cell but is QCLed with a non-serving cell SSB





