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1. CSI-RS measurement bandwidth
Contributions submitted for the topic:
	TDoc
	Title
	Source
	Type

	R4-1914462
	Simulation results for CSI-RS based measurements
	Nokia, Nokia Shanghai Bell
	discussion

	R4-1913451
	Simulation results for CSI-RS L3 measurement for FR1
	Intel Corporation
	discussion

	R4-1913569
	CSI-RS parameters for RRM core requirements
	NTT DOCOMO, INC.
	discussion

	R4-1913588
	Simulation results for CSI-RS measurement BW
	MediaTek inc.
	discussion

	R4-1913744
	Further discussion on CSI-RS measurement bandwidth for RRM measurement requirement
	CATT
	discussion

	R4-1914459
	Discussion on CSI-RS measurement bandwidth
	Nokia, Nokia Shanghai Bell
	discussion

	R4-1914837
	Simulation results of CSI-RSRP measurements for NR mobility
	Huawei, HiSilicon
	discussion

	R4-1914838
	Discussion on CSI-RS based measurement requirements for NR mobility
	Huawei, HiSilicon
	discussion



Issue 1: How many set of CSI-RS configuration (bandwidth of CSI-RS and density of CSI-RS resource) are needed to define CSI-RS based measurement requirements?
· Option 1: One set of configuration (MediaTek, Intel, Huawei)
· Option 2: 2 set of configuration (CATT, NTT DOCOMO)

Issue 2: If one set of configuration is agreed, then what’s the configuration for bandwidth of CSI-RS and density of CSI-RS resource?
· Option 1: 48PRBs and D = 3 (MediaTek, Huawei)
· Option 2: 48PRBs and D = 1 (Intel)

Issue 3: If multiple set of configuration is agreed, then what are the configurations for r bandwidth of CSI-RS and density of CSI-RS resource?
· Option 1: (CATT)
	Configuration
	Measurement bandwidth [RB]
	CSI-RS resource Density
	TCSI-RS_measurement_Period

	0
	48
	1
	5 samples

	1
	
	3
	3 samples

	
	
	1 or 3
	



· Option 2: (NTT DOCOMO)
	Configuration
	Measurement bandwidth [RB]
	CSI-RS resource Density

	0
	48
	1

	1
	96
	3



· Option 3: Define the CSI-RS measurement requirements respectively for 96 PRBs, 192 PRBs and 264 PRBs. (Nokia)

Agreements
CSI-RS configurations (bandwidth of CSI-RS and density of CSI-RS resource) used to define requirements
· Define requirements at least for 1 set of configurations
· Option 1: 48PRBs and D = 1 
· Option 2: 48PRBs and D = 3 
· FFS whether to define requirements for additional configurations
· 48PRBs and D = 1 
· 48PRBs and D = 3 
· 96PRBs and D = 1 
· 96PRBs and D = 3 

Discussion:

Agreements:

1. CSI-RS based intra-frequency and inter-frequency measurement definition
Contributions submitted for the topic:
	TDoc
	Title
	Source
	Type

	R4-1913507
	On defintion of CSI-RS based intra-frequency and inter-frequency layers
	Apple
	discussion

	R4-1913383
	[DRAFT] Reply LS on clarification about CSI-RS measurement
	Huawei, HiSilicon
	LS out

	R4-1913452
	Discussion about intra-frequency definition of CSI-RS based L3 measurement
	Intel Corporation
	discussion

	R4-1913570
	Definition of intra-frequency measurement for CSI-RS based L3 measurement
	NTT DOCOMO, INC.
	discussion

	R4-1913589
	Definition of Intra and inter frequency for CSI-RS RRM
	MediaTek inc.
	discussion

	R4-1913745
	Further discussion on SI-RS based intra-frequency and inter-frequency measurement definition
	CATT
	discussion

	R4-1913746
	LS on CSI-RS based intra-frequency and inter-frequency Measurement definition
	CATT
	LS out

	R4-1913861
	Discussion on CSI-RS based RRM requirements
	CMCC
	discussion

	R4-1914436
	Definition for the CSI-RS based intra-frequency and inter-frequency measurement
	Huawei, HiSilicon
	discussion

	R4-1914460
	CSI-RS based intra-f and inter-f measurement definition
	Nokia, Nokia Shanghai Bell
	discussion

	R4-1914461
	CR to 38.133 CSI-RS based intra-frequency and inter-frequency measurements definition
	Nokia, Nokia Shanghai Bell
	CR

	R4-1914790
	Discussion on definition of CSI-RS based RRM measurements
	ZTE
	discussion



Issue 1: Definition of CSI-RS based intra-frequency and inter-frequency measurement
· Option 1 in WF (R4-1910956): (CMCC/CATT/Huawei):
	CSI-RS based intra-frequency measurement: a measurement is defined as a CSI-RS based intra-frequency measurement provided that:
• the center frequency of CSI-RS on the serving cell and neighbor cell is the same, and
• the SCS of CSI-RS on the serving cell and neighbor cell is the same
	CSI-RS based inter-frequency measurement: a measurement is defined as a CSI-RS based inter-frequency measurement provided that:
• the center frequency of CSI-RS on the serving cell and neighbor cell is not the same, or
• the SCS of CSI-RS on the serving cell and neighbor cell is not the same



· Option 2 in WF (R4-1910956): (Apple/NTT DOCOMO/Nokia):
CSI-RS based intra-frequency measurement: a measurement is defined as a CSI-RS based intra-frequency measurement provided that:
• the bandwidth of the CSI-RS on the neighbor cell is within the active BWP of the UE, and
• the SCS of CSI-RS on the serving cell and neighbor cell is the same
CSI-RS based inter-frequency measurement: a measurement is defined as a CSI-RS based inter-frequency measurement provided that: 
• the bandwidth of the CSI-RS on the neighbor cell is not within the active BWP of the UE, or
• the SCS of the CSI-RS of the serving cell and neighbor cell is not the same


· Option 3: (ZTE)
· CSI-RS based intra-frequency measurement: a measurement is defined as a CSI-RS based intra-frequency measurement provided
· he centre frequency of the CSI-RS resource on the neighbour cell configured for measurement is the same as centre frequency of the CSI-RS resource on the serving cell configured for measurement, and 
· the bandwidth of the CSI-RS resource on the neighbour cell configured for measurement is the same as bandwidth of the CSI-RS resource on the serving cell configured for measurement, and
· the subcarrier spacing of the two CSI-RS resources on the neighbour cell and on the serving cell are the same.
· CSI-RS based inter-frequency measurement: a measurement is defined as a CSI-RS based inter-frequency measurement provided
· the centre frequency of the CSI-RS resource on the neighbour cell configured for measurement is not the same as centre frequency of the CSI-RS resource on the serving cell configured for measurement, or
· the bandwidth of the CSI-RS resource on the neighbour cell configured for measurement is not the same as bandwidth of the CSI-RS resource on the serving cell configured for measurement, or
· the subcarrier spacing of the two CSI-RS resources on the neighbour cell and on the serving cell are the same.




· Option 4: (Qualcomm)
CSI-RS measurements to be considered intra-frequency if the CSI-RS of neighbor cell has the same location, bandwidth, SCS  and CP duration as that of serving cell and the CSI-RS lies within the active BWP. All CSI-RS measurements that it is not defined as in intra-frequency measurement are considered inter-frequency.

· Option 5: (MediaTek)
CSI-RS based intra-frequency measurement: a measurement is defined as a CSI-RS based intra-frequency measurement provided that:
• the center frequency of CSI-RS on the target cell is the same as center frequency of CSI-RS on the serving cell, and, 
• the bandwidth of CSI-RS on the target cell is the same as bandwidth of CSI-RS resources on the serving cell, and, 
• the bandwidth of CSI-RS resources of target cell configured for measurement is within the active BWP of serving cell, and, 
• the SCS of intra-frequency CSI-RS should have the same SCS as UE’s active DL BWP, and,
• the CSI-RS is configured within the MO indicated as servingCellMO in ServingCellConfig, and,
• the CSI-RS is configured within the MO with intra-frequency SSB-based measurement, if SSB-based measurement is configured.
· Option 6: (Intel)
For the case that CSI-RS resource of serving cell is available:
Two options for the definition for CSI-RS intra frequency measurement
Option 1:
· the centre frequency of CSI-RS resources on the target cell configured for measurement is the same as centre frequency of CSI-RS resources on the serving cell configured for measurement, and, 
· the bandwidth of CSI-RS resources of target cell configured for measurement is within the active BWP of serving cell, and, 
· the SCS of CSI-RS on serving cell and target cell is the same
· the CP type of CSI-RS on serving cell and target cell is the same
Option 2:
· the centre frequency of CSI-RS resources on the target cell configured for measurement is the same as centre frequency of CSI-RS resources on the serving cell configured for measurement, and, 
· the bandwidth of CSI-RS resources on the target cell configured for measurement is the same as bandwidth of CSI-RS resources on the serving cell configured for measurement, and, 
· the SCS of CSI-RS on serving cell and target cell is the same
· the CP type of CSI-RS on serving cell and target cell is the same
For case that CSI-RS resource of serving cell is not available and only SSB of serving cell is available
Option 1:
· the bandwidth of CSI-RS resources of target cell configured for measurement is within the active BWP of serving cell, 
Option 2:
· the centre frequency of CSI-RS resources on the target cell configured for measurement is the same as centre frequency of SSB on the serving cell configured for measurement, and, 
· the bandwidth of CSI-RS resources on the target cell configured for measurement is the same as bandwidth of SSB on the serving cell configured for measurement, and, 
· the SCS of SSB on serving cell and CSI-RS on target cell is the same
· the CP type of SSB on serving cell and CSI-RS on target cell is the same


Agreement
· Case 1: CSI-RS resource of serving cell is available
· CSI-RS based intra-frequency measurement: a measurement is defined as a CSI-RS based intra-frequency measurement provided that:
· the SCS of CSI-RS on the serving cell and neighbor cell is the same
· the CP type of CSI-RS
· Option 1: the CP type of CSI-RS on serving cell and target cell is the same
· the center frequency, bandwidth and active BWP
· Option 1: the center frequency of CSI-RS on the serving cell and neighbor cell is the same, and
· Option 2: the bandwidth of the CSI-RS on the neighbor cell is within the active BWP of the UE, and
· Option 3: the bandwidth of CSI-RS on the target cell is the same as bandwidth of CSI-RS resources on the serving cell
· Any combination of options above
· Note: the RAN4 design shall not contradict RAN2 agreements on MO signalling
· Case 2: CSI-RS resource of serving cell is not available
· Option 1: All MO are inter-frequency
· …

Discussion:

· the center frequency, bandwidth and active BWP
· Option 1: the center frequency of CSI-RS on the serving cell and neighbor cell is the same (CMCC)
· Option 2: the bandwidth of the CSI-RS on the neighbor cell is within the active BWP of the UE 
· Option 2a: If the bandwidth of the maximum of CSI-RS resources BW in a MO is within active BWP, then the MO is intra-frequency, otherwise, this MO is inter-frequency

· Option 3: the bandwidth of CSI-RS on the target cell is the same as bandwidth of CSI-RS resources on the serving cell  (QC)
· Any combination of options above
· Case 2: CSI-RS resource of serving cell is not available
· Option 1: All MO are inter-frequency
· Option 2: No requirement for case 2.
CMCC: option 1, have some principle in general
Principle: the definition shall not impact RAN1’s agreement on the definition of the same MO
ZTE: option 1 or option1 combine with option3
Nokia/NTT DOCOMO/Apple: option 2

Agreements:
· the CP type of CSI-RS
· The CP type of CSI-RS on serving cell and target cell is the same
· It is applied for SCS = 60KHz

Principle: the definition of intra-frequency and inter-frequency measurement shall not impact RAN1’s agreement on the definition of the same MO

Additional conditions to be considered for the definition:
Tentative agreement:
Case 1: RAN4 specify the CSI-RS based L3 measurement assuming the same center frequency, BW, SCS, CP type configured for all CSI-RS resources in the same MO.
a) FFS for slot configuration
b) FFS for other scenarios

Case 2: RAN4 specify the CSI-RS based L3 measurement assuming the same center frequency, SCS, CP type configured for all CSI-RS resources in the same MO.
a) FFS for slot configuration
b) FFS for other scenarios

1. UE measurement capability
Contributions submitted for the topic:
	TDoc
	Title
	Source
	Type

	R4-1913590
	Discussion on measurement capability for CSI-RS RRM
	MediaTek inc.
	discussion

	R4-1913747
	Discussion on CSI-RS based UE measurement capabilities
	CATT
	discussion

	R4-1914789
	Discussion on UE measurement capability of CSI-RS based RRM measurements
	ZTE
	discussion

	R4-1915071
	On Measurement capability of CSI-RS L3 measurement
	OPPO
	discussion

	R4-1915214
	On CSI-RS measurement capability
	Huawei, HiSilicon
	discussion



Issue 1: UE capability of total number of frequency layers to be monitored
· Option 1 (CATT, MediaTek, OPPO, Huawei): Shared UE capability by SSB based measurement and CSI-RS based measurement. 
· Option 1a (CATT, MediaTek, OPPO): No need to introduce additional frequency layer, reusing the current UE measurement requirements defined in TS38.133 
· Option 1b (Huawei): Increase the total number of SSB and CSI-RS frequency layers.
· Option 2 (ZTE): Separated UE capability for CSI-RS based measurement.
· Option 3 (CATT, Huawei): 
· UE shall be able to measure at least 3 CSI-RS frequency layers.
· UE shall be able to measure at least 8 NR frequency layers in total, including SSB frequency layers and CSI-RS frequency layers.
· UE shall be able to measure at least 14 carriers of all RATs in total.

Discussion:

Agreements:


Issue 2: Value of number of cells to be monitored per layer
· [bookmark: _Ref20519682]Option 1 (MediaTek, OPPO, CATT): No need to introduce additional number of cells to be monitored per layer based on L3 CSI-RS on top of the requirements already specified for SSB. 
· Option 2 (Huawei): FFS on the total number of cells and CSI-RS resources UE should measure per MO. 
· Option 3 (ZTE): New UE capabilities for number of cells 
· FR1: at least 8 identified cells in FR1 for intra frequency measurement and inter frequency measurement
· FR2: at least 6 identified cells in FR2 for intra frequency measurement and inter frequency measurement.

Discussion:

Agreements:


Issue 3: Number of CSI-RS (resource/beams) to be monitored per layer
· [bookmark: _Ref20519683]Option 1(MediaTek): The values defined for SSB could be a starting point for further discussion. 
· Option 2(ZTE): Large number of CSI-RS resources than number of SSBs in current spec should be specified for CSI-RS based measurement. 
· Option 3 (CATT, OPPO): 32 CSI-RS resources per frequency layer.

Discussion:

Agreements:


Issue 4: UE capability to indicate maximum number of CSI-RS resources
· Option 1 (Huawei): Reuse existing UE capability maxNumberCSI-RS-RRM-RS-SINR and update the value. 
· Option 2 (Huawei): Define another capability for UE to indicate maximum number of CSI-RS resources per MO in a slot.

Discussion:

Agreements:


1. Intra and inter frequency measurement requirements
Contributions submitted for the topic:
	TDoc
	Title
	Source
	Type

	R4-1913571
	QCL assumptions for CSI-RS based L3 measurement
	NTT DOCOMO, INC.
	discussion

	R4-1913591
	Cell identification requirements for CSI-RS RRM
	MediaTek inc.
	discussion

	R4-1913748
	Discussion on CSI-RS based measurement requirements
	CATT
	discussion

	R4-1914437
	Discussion on CSI-RS based L3 measurement requirements
	Huawei, HiSilicon
	discussion



Issue 1: Applicability of CSI-RS based measurement requirements
· Option 1 (MediaTek): Do not specify requirements if associatedSSB is not configured. 
· Option 2 (CATT, Huawei): Specify requirements for both cases associatedSSB is not configured and associatedSSB is configured.
· Option 3 (NTT DOCOMO): Study how to design RRM specifications when isQuasiColocated is OFF or not configured, e.g., larger scaling factor for Rx beam sweeping, no support, etc.

Discussion:

Agreements:


Issue 2: CSI-RS identification time
· Option 1 (Huawei): 
· If associatedSSB is not configured, CSI-RS identification time is the CSI-RS measurement periodicity.
· If associatedSSB is configured, CSI-RS identification time includes Tpss/sss, PBCH decoding, AGC adjustment time and CSI-RS measurement periodicity.
· If CSI-RS is not QCL-ed to the associated SSB, UE needs to sweep the RX beam. If the CSI-RS is QCL-ed to the associated SSB, no Rx sweeping is needed.
· Option 2 (CATT): 
· If associated SSB is not configured for CSI-RS resources, the CSI-RS identification time can be expressed as: TCSI-RS_identification_without_associatedSSB = TCSI-RS_measurement_period.
· If associated SSB is configured for CSI-RS resources, the CSI-RS identification time can be expressed as: TCSI-RS_identification_with_associatedSSB = TPSS/SSS_sync + TSSB_time_index + TCSI-RS_measurement_period.
· If the CSI-RS resource is configured with associated SSB and QCLed to the associated SSB, the CSI-RS based measurement requirement does not need to consider the scaling factor due to Rx beam sweeping.
· Option 3 (MediaTek): 
· If associated SSB is configured for CSI-RS resources , CSI-RS based cell identification consists: 1) Cell search via SSB with AGC margin, 2) PBCH decoding and 3) CSI-RS measurement with AGC margin. 
[image: ]

Discussion:

Agreements:


Issue 3: Scheduling restriction for CSI-RS based L3 measurement 
· Option 1 (MediaTek):
· The scheduling restriction on the additional OFDM symbols before and after SSB is not needed for CSI-RS based L3 measurement.
· Option 2 (Huawei):
· If UE is not able to support mixed numerology of data and CSI-RS L3 mobility, the following scheduling restrictions apply due to intra-frequency CSI-RS based L3 measurement:
· if the associatedSSB is configured, UE is not expected to transmit or receive on 2 data OFDM symbols impacted by CSI-RS resource symbol to be measured.
· if the associatedSSB is not configured, UE is not expected to transmit or receive on the data OFDM symbol impacted by CSI-RS resource symbol to be measured, provided timing difference between the CSI-RS resource and the serving cell should be less than half CP corresponding to the SCS of the CSI-RS.
· When UE performs CSI-RS intra-frequency measurements in a TDD band, UE is not expected to transmit and receive on 2 data OFDM symbols impacted by CSI-RS resource symbol to be measured.
· Scheduling restriction shall be considered when UE performs RX beam sweeping.

Discussion:

Agreements:


Issue 4: Whether to restrict CSI-RS resources outside of DRX/MG duration
· Proposal from CATT:
Option 1: UE is allowed not to measure the CSI-RS resources that are not within DRX on-duration or measurement gap;
Option 2: No UE performance requirement is defined for the CSI-RS resources that are not within DRX on-duration or measurement gap;
Option 3: the network needs to make sure the configured CSI-RS resources falls within the configured measurement gaps
Discussion:

Agreements:

1. Others
Contributions submitted for the topic:
	R4-1914959
	On synchronization assumption for CSI-RS measurement requirements
	Huawei, HiSilicon
	discussion



Issue 1: Synchronization assumptions for CSI-RS based measurement 
The discussion can be based on Huawei’s paper (R4-1914959).
· Proposals from Huawei: 
1. When CSI-RS resource for mobility is configured without associated SSB, the CSI-RS measurement requirements apply provided that receive timing difference between the CSI-RS resource and the serving cell is within X, where X is [CP/2 corresponding the SCS of CSI-RS]. 
· RAN4 to further study the measurement performance with timing error larger than half CP.
2. When CSI-RS resource for mobility is configured with associated SSB, the CSI-RS measurement requirements is not conditioned on network synchronization.
3. When CSI-RS resource for mobility is configured with associated SSB, but is not QCL-ed with the associated SSB, timing error should be considered in the CSI-RS measurement requirements.

Discussion:

Agreements:
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