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1. [bookmark: _Ref5850594]Introduction
In R1-2108679, preliminary RAN1 UE features for Rel-17 NR provided from WI rapporterurs are provided. It is understood that the list provided in R1-2108679 is only for information for preparation of RAN1#106bis-e and all formal discussion/decision on Rel-17 UE features will start from RAN1#106bis-e.
In this contribution, we discuss our views on various FeMIMO UE features.


2 Multi-beam Operation 

In the preliminary UE feature list (R1-2108679), a single capability is defined for unified TCI for both intra-BM and inter-cell BM. Ideally, they belong to two different features and should have separate capabilitites, e.g. UE supporting inter-cell BM should additionally support QCL source RS from non-serving SSB as well as L1-RSRP measurement on non-serving SSB.

Proposal 1-1: The unified TCI for intra-cell BM and inter-cell BM should have separate capabilities, e.g. FG 23-1-1 and FG 23-1-2.

For intra-cell BM, we also have the following proposals

Proposal 1-2: As in FG 23-1-1, supporting intra-cell BM implies supporting the following basic sub-features
· Support of joint DL/UL TCI state
· Support of TCI-independent UL PC settings except for PL RS
· Support individual BWP/CC based TCI pool configuration as in R15/16
· Support of MAC-CE based beam indication
· Support of MAC-CE+DCI based beam indication with DL assignment 
· Only for UE supporting more than 1 active TCI state

Proposal 1-3: UE supporting intra-cell BM may optionally support the following sub-features
· Support of separate DL/UL TCI state (FG 23-1-1a)
· Support of TCI-specific UL PC settings except for PL RS (FG 23-1-1b)
· Support of beam misalignment for PL RS and associated UL beam (FG 23-1-1c)
· Support of MAC-CE + DCI based beam indication without DL assignment (FG 23-1-1d)
· Support of a common TCI state ID activated/selected for a set of BWPs/CCs (FG 23-1-1f)
· Support a TCT state pool configured on a reference BWP/CC shared by a set of BWPs/CCs (FG 23-1-1h)

Proposal 1-4: UE supporting intra-cell BM should clarify the following capabilities
· Minimum time duration between beam indication DCI and TCI application time (FG 23-1-1e)
· Maximum number of configured TCI state pools across BWPs/CCs (FG 23-1-1h)
· Maximum number of activated and configured TCI states (FG 23-1-1i)



	23. NR_FeMIMO
	23-1-1
	Unified TCI for intra-cell beam management
	1. Support of joint DL/UL TCI state
· Including QCL rules, applicable source and target signals
2. Support of TCI-independent UL PC settings except for PL RS
3. Support individual BWP/CC based TCI pool configuration as in R15/16
4. Support of MAC-CE based beam indication
5. Support of MAC-CE + DCI based beam indication with DL assignment
· Including DCI format 1_1 and 1_2
	
	
	
	
	Per band
	
	
	
	Note: Component 4 is only supported by UE supporting more than 1 active TCI state
	Optional

	23. NR_FeMIMO
	23-1-1a
	Unified TCI for intra-cell beam management with separate DL/UL TCI
	1. Support of separate DL/UL TCI state
· Including QCL rules, applicable source and target signals
	FG 23-1-1
	
	
	
	Per band
	
	
	
	
	Optional

	23. NR_FeMIMO
	23-1-1b
	Unified TCI for intra-cell beam management with TCI-specific UL PC settings except for PL RS
	1. Support of TCI-specific UL PC settings except for PL RS
	FG 23-1-1
	
	
	
	Per band
	
	
	
	
	Optional

	23. NR_FeMIMO
	23-1-1c
	Unified TCI for intra-cell beam management with beam misalignment for PL RS
	1. Support of beam misalignment for PL RS and associated UL beam

	FG 23-1-1
	
	
	
	Per band
	
	
	
	Note:
	Optional

	23. NR_FeMIMO
	23-1-1d
	Unified TCI for intra-cell beam management with DCI based beam indication without DL assignment
	1. Support of MAC-CE + DCI based beam indication without DL assignment
· Including DCI format 1_1 and 1_2
	FG 23-1-1
	
	
	
	Per band
	
	
	
	Note: 
	Optional

	23. NR_FeMIMO
	23-1-1e
	Time duration between DCI and TCI application time
	1. Minimum time duration, Xi, between the last symbol of the beam indication DCI and the 1st slot to apply the TCI indicated by the DCI
· Xi is the number of OFDM symbols, i is the index of SCS, l=1,2,3,4 corresponding to 60,120,480, 960 kHz SCS.
	FG 23-1-1
	
	
	
	Per band
	
	
	
	Note: Applicable only to FR2
	Candidate value set for Xi is {…}, 


	23. NR_FeMIMO
	23-1-1f
	Unified TCI for intra-cell beam management with common TCI ID selected for a group of CCs 
	1. Support of a common TCI state ID activated or selected for a set of BWPs/CCs 

	FG 23-1-1
	
	
	
	Per band
	
	
	
	Note: Supported TCI type is indicated in FG 23-1-1 and FG 23-1-1a
	Optional


	23. NR_FeMIMO
	23-1-1g
	Unified TCI for intra-cell beam management with configured TCI pool shared by a group of CCs 
	1. Support a TCI state pool configured on a reference BWP/CC  shared by a set of BWPs/CCs

	FG 23-1-1
	
	
	
	Per band
	
	
	
	Note: Supported TCI type is indicated in FG 23-1-1 and FG 23-1-1a
	Optional


	23. NR_FeMIMO
	23-1-1h
	Maximum number of configured TCI pool across CCs 
	1. Maximum number of configured TCI state pools across BWPs/CCs

	FG 23-1-1
	
	
	
	Per band
	
	
	
	Note: Supported TCI type is indicated in FG 23-1-1 and FG 23-1-1a
	Optional


	23. NR_FeMIMO
	23-1-1i
	Maximum number of activated and configuredTCI states
	1. Maximum number of activated TCI states per BWP/CC
2. Maximum number of configured TCI states per BWP/CC
3. Maximum number of activated TCI states across BWPs/CCs in a band
4. Maximum number of configured TCI states across BWPs/CCs in a band
	FG 23-1-1
	
	
	
	Per band
	
	
	
	Note 1: Supported TCI type is indicated in FG 23-1-1 and FG 23-1-1a

Note 2: Maximum number in each component is across all supported TCI types
	Component -1:
Candidate value set: {1, 2, 4, 8}
Component-2: candidate value set: {4, 8, 16, 32, 64, 128}
Component -3:
Candidate value set: {…}
Component-4: candidate value set: {…}





Proposal 1-5: As in FG 23-1-2, supporting inter-cell BM implies supporting SSB from non-serving cell as direct/indirect beam indication RS in unified TCI state
· This should be a separate capability from intra-cell BM

	[bookmark: _Hlk83973973]23. NR_FeMIMO
	23-1-2
	Unified TCI for intra-cell beam management
	1. Support of SSB from non-serving cell as direct/indirect QCL source RS and/or spatial relation RS in unified TCI state

	FG 23-1-1
	
	
	
	Per band
	
	
	
	Note:
	Optional





Proposal 1-6: As in FG 23-1-3, the support of inter-cell measurement/reporting comprises the following 3 components 
· Maximum number of configured non-serving cells for L1-RSRP measurement (Component 1 in FG 23-1-3)
· Maximum number of reported DL RSs in a beam report (Component 2 in FG 23-1-3)
· Maximum number of time overlapped SSBs for L1-RSRP measurement (Component 3 in FG 23-1-3)

	23. NR_FeMIMO
	23-1-3
	Inter-cell measurement and reporting (for inter-cell BM and mTRP)
	1. Maximum number of configured non-serving cells for L1-RSRP measurement
2. Maximum number of reported DL RSs in a beam report with measured DL RSs from both serving and non-serving cells
3. Maximum number of time overlapped SSBs from different cells for L1-RSRP measurement
	FG 23-1-2, FG 23-4
	
	
	
	Per band
	
	
	
	
	Component -1:
Candidate value set: {0,1}
Component-2: candidate value set: {0,1,2,3,4}
Component -3:
Candidate value set: {0,1}






Proposal 1-7: As in FG 23-1-4, the support of MPE mitigation can be indicated by the maximum number of additionally reported P-MPR values per CC in the enhanced P-MPR report. 

	 23. NR_FeMIMO
	23-1-4
	MPE mitigation
	1. Maximum number of additionally reported P-MPR value(s) per CC in enhanced P-MPR report
	FG 23-1-1a
	
	
	
	Per band
	
	
	
	
	Candidate value set: {0,1,2,3}

	
	
	
	
	
	
	
	
	
	
	
	
	
	





Proposal 1-8: As in FG 23-1-5, the support of multiple SRS resource sets with different SRS antenna port number includes the following components
· Maximum number of SRS resource sets with different number of SRS antenna ports (Component 1 in FG 23-1-5)
· Maximum number of SRS resources per set with different number of SRS antenna ports (Component 2 in FG 23-1-5)
Proposal 1-9: As listed in FG 23-1-5a, UE supporting FG 23-1-5 can further indicate whether the reported SRS antenna port number can be applied to a set of BWPs/CCs when the associated reported DL RS indicates a common UL beam for the set of BWPs/CCs
	23. NR_FeMIMO
	23-1-5
	Multiple SRS resource sets with different number of SRS antenna ports
	1. Maximum number of SRS resource sets with different number of SRS antenna ports
2. Maximum number of SRS resources per set with different number of SRS antenna ports
	
	
	
	
	Per band
	
	
	
	
	Component -1:
Candidate value set: {0,1,2}
Component-2: candidate value set: {1,2,3,4}


	 23. NR_FeMIMO
	23-1-5a
	Reported SRS antenna port number applicable to multiple BWPs/CCs
	1. Support of reported SRS antenna port number applicable to a set of BWPs/CCs when the associated reported DL RS indicates a common UL beam for the set of BWPs/CCs
	FG 23-1-5
	
	
	
	Per band
	
	
	
	
	Optional












2. mTRP PDCCH
[bookmark: _Hlk83630665]In Rel-15, PDCCH monitoring capability is defined for different cases including Case 1-1 for basic capability (FG 3-1), Case 1-1 for single occasion monitoring (FG 3-2), and Case 2 for PDCCH monitoring with span gap (FG 3-5b). Furthermore, Rel-16 introduced additional capabilities (FG 11-2 family). The support of Rel-17 mTRP PDCCH repetition should be separately indicated for each of these PDCCH monitoring capabilities. In other words, the basic FG for Rel-17 mTRP PDCCH repetition should only include the basic PDCCH monitoring capability. This is because PDCCH repetition can significantly increase the UE complexity and some of the advanced PDCCH monitoring features that the UE is able to support in the absence of PDCCH repetition need a separate capability when combined with PDCCH repetition.

Proposal 2-1: The basic FG for Rel-17 mTRP PDCCH repetition (FG 23-2-1) should only include the basic PDCCH monitoring capability. PDCCH repetition for more advanced PDCCH monitoring capabilities need a separate capability.

Furthermore, for span-based PDCCH monitoring (either Rel-15 version or Rel-16 version), the UE processing complexity and memory requirements are different depending on whether PDCCH repetitions are within the same span or in different spans. Hence, UE capability for such indication is needed.

Proposal 2-1: For span-based PDCCH monitoring (either Rel-15 version or Rel-16 version), UE can indicate if PDCCH repetitions can be intra-span or inter-span.

Based on the above discussions, we propose the following FGs for mTRP PDCCH:

Proposal 2-3: Adopt the following for Rel-17 mTRP PDCCH UE features.
	23. NR_FeMIMO
	23-2-1
	Multi-TRP PDCCH repetition
	1. Support of PDCCH repetition (based on two linked SS sets associated with corresponding CORESETs)
2. Support of reporting one [or more] number(s) as required number of BDs for the two PDCCH candidates
3. Support of whether the individual candidate is monitored or not when one of the linked PDCCH candidates uses the same set of CCEs as an individual (unlinked) PDCCH candidate, and they both are associated with the same DCI size, scrambling, and CORESET
4. Maximum number of such overlaps in 3 per scheduled cell per slot
	
	
	
	
	Per FS
	
	
	
	Note: For PDCCH monitoring capability, the following is assumed: For type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS, the monitoring occasion is within the first 3 OFDM symbols of a slot. 


Component2: {2, 3, [{2,3}]}

Component3: {monitored, not monitored}

Component4: {2,4,6,10,20,40}
	Optional

	23. NR_FeMIMO
	23-2-1a
	Multi-TRP PDCCH repetition with PDCCH 
monitoring on any span of up to 3 consecutive OFDM symbols of a slot 

	Support of PDCCH repetition for PDCCH monitoring on any span of up to 3 consecutive OFDM symbols of a slot
	FG 3-2
FG 23-2-1
	
	
	
	Per Band
	
	
	FR1 only
	
	Optional

	23. NR_FeMIMO
	23-2-1b
	Multi-TRP PDCCH repetition for Case 2 PDCCH monitoring with a span gap

	1. Support of PDCCH repetition for  PDCCH monitoring of any occasions with span gap as defined in FG 3-5b.
2. Supported mode of PDCCH repetition
	FG 3-5b
FG 23-2-1
	
	
	
	Per FS
	
	
	
	This capability is necessary for each SCS.

Component2: {intra-span, inter-span, both}
	Optional

	23. NR_FeMIMO
	23-2-1c
	Multi-TRP PDCCH repetition for Rel-16 PDCCH monitoring

	1. Support of PDCCH repetition with Rel-16 PDCCH monitoring capability as defined in FG 11-2 family.
2. Supported mode of PDCCH repetition
3. Maximum number of overlaps between individual candidates and linked candidates per scheduled cell per span
	FG 11-2
FG 23-2-1
	
	
	
	Per FS
	
	
	
	This capability is signalled for SCS 15 kHz and 30 kHz.

Component2: {intra-span, inter-span, both}

Component3: {1,2,3,5,10,20}
	Optional

	23. NR_FeMIMO
	23-2-2
	Two QCL TypeD for PDCCH repetition
	Support of determining two QCL-TypeD for overlapping CORESETs in the same CC or for intra-band CA when UE is configured with PDCCH repetition
	FG 23-2-1
	
	
	
	Per Band
	
	
	FR2 only
	
	Optional

	23. NR_FeMIMO
	23-2-3
	PDCCH repetition for Type3 CSS
	Support of PDCCH repetition for Type3 CSS
	FG 23-2-1
	
	
	
	Per Band
	
	
	
	
	Optional







3. mTRP PUSCH and PUCCH

The following aspects need to be considered when designing UE capability for mTRP PUSCH repetitions:
· Separate capabilities are required for codebook-based and non-codebook based mTRP PUSCH.
· For codebook-based mTRP PUSCH, the structure of Rel-15 capability (FG 2-14) including indication on max number of SRS resources need to be taken in to account, and should be extended for the case that two SRS resource sets are configured.
· For non-codebook based mTRP PUSCH, the structure of Rel-15 capability (FGs 2-15, 2-15a, 2-15b) including indication on max number of SRS resources and various capabilities for associated CSI-RS (for precoding calculation) need to be taken in to account, and should be extended for the case that two SRS resource sets / two associated CSI-RS resources are configured.
· Separate capabilities for mTRP PUSCH repetition are required for repetition Type A and repetition Type B.
· Capabilities are needed for transmitting AP/SP-CSI on two PUSCH repetitions.
· Per TRP default power control pramaters or per TRP OLPC set indication features require UE capability.

Based on the above discussions, we propose the following FGs for mTRP PUSCH:

Proposal 3-1: Adopt the following for Rel-17 mTRP PUSCH UE features.

	23. NR_FeMIMO
	23-3-1a
	Multi-TRP PUSCH repetition for codebook based
	1. Support of codebook-based multi-TRP PUSCH repetition for repetition Type A
2. Support of two SRS resource sets with usage set to codebook
3. Supported number of SRS resources in one SRS resource set
4. Supported number of SRS resources across two SRS resource sets
	FG 2-14
	
	
	
	Per FSPC
	
	
	
	Note: For more than 2 repetitions, sequential beam mapping is supported as part of this FG. 

Component 3: {1,2,4}
Component 4: {2,3,4,5,6,8}
	Optional

	23. NR_FeMIMO
	23-3-1b
	Multi-TRP PUSCH repetition for non-codebook based
	1. Support of non-codebook-based multi-TRP PUSCH repetition for repetition Type A
2. Support of two SRS resource sets with usage set to noncodebook
3. Supported number of SRS resources in one SRS resource set
4. Supported number of SRS resources across two SRS resource sets
	FG 2-15
	
	
	
	Per FSPC
	
	
	
	Note: For more than 2 repetitions, sequential beam mapping is supported as part of this FG. 

Component 3: {1,2,3,4}
Component 4: {2,3,4,5,6,7,8}
	Optional

	23. NR_FeMIMO
	23-3-1b-1
	Two associated CSI-RS resources
	Support of up to two CSI-RS resources associated with the two SRS resource sets for non-codebook-based mTRP PUSCH

	FG 2-15a 
FG 23-3-1b
	
	
	
	Per Band
	
	
	
	
	Optional

	23. NR_FeMIMO
	23-3-1b-2
	CSI-RS processing framework for SRS with two associated CSI-RS resources
	1. Maximum number of periodic SRS resources associated with first or second CSI-RS per BWP
2. Maximum number of aperiodic SRS resources associated with first or second CSI-RS per BWP
3. Maximum number of semi-persistent SRS resources associated with first or second CSI-RS per BWP
4. UE can process Y SRS resources associated with first or second CSI-RS resources simultaneously in a CC. Includes P/SP/A SRS.

	FG 2-15a 
FG 23-3-1b
	
	
	
	Per Band
	
	
	
	Component 1: {1 to 8}
Component 2: {1 to 8}
Component 3: {1 to 8}
Component 4: {1 to 16}
	Optional

	23. NR_FeMIMO
	23-3-1c
	Multi-TRP PUSCH repetition for repetition Type B
	Support of multi-TRP PUSCH repetition for repetition Type B

	FG 11-5
FG 23-3-1a or 23-3-1b
	
	
	
	Per FS
	
	
	
	
	Optional

	23. NR_FeMIMO
	23-3-1d
	Two TPC fields in UL DCI
	Support of second TPC field for per TRP closed-loop power control for PUSCH with DCI formats 0_1 / 0_2

	FG 8-8
FG 23-3-1a or 23-3-1b
	
	
	
	Per Band
	
	
	
	
	Optional

	23. NR_FeMIMO
	23-3-1e
	Cyclic beam mapping
	Support of cyclic mapping when the number of repetitions is larger than 2 
	FG 23-3-1a or 23-3-1b
	
	
	
	Per Band
	
	
	
	
	Optional

	23. NR_FeMIMO
	23-3-1f
	Two PHRs per CC
	Support of reporting two PHRs per CC (for a CC configured with mTRP PUSCH repetition)
	FG 23-3-1a or 23-3-1b
	
	
	
	Per Band
	
	
	
	
	Optional

	23. NR_FeMIMO
	23-3-1g
	Multi-TRP PUSCH repetition for configured grant
	1. Support of multi-TRP PUSCH repetition for configured grant
2. Supported type of configured grant for multi-TRP PUSCH repetition
	FG 23-3-1a or 23-3-1b
	
	
	
	Per Band
	
	
	
	Component 2: {Type1, Type2, both}

	Optional

	23. NR_FeMIMO
	23-3-1h
	AP-CSI on two PUSCH repetitions
	Support of transmitting AP-CSI on two PUSCH repetitions
	FG 23-3-1a or 23-3-1b
	
	
	
	Per Band
	
	
	
	
	Optional

	23. NR_FeMIMO
	23-3-1i
	SP-CSI on two PUSCH repetitions
	Support of transmitting SP-CSI on two PUSCH repetitions
	FG 23-3-1a or 23-3-1b
	
	
	
	Per Band
	
	
	
	
	Optional

	23. NR_FeMIMO
	23-3-1j
	Per TRP OLPC set configurations
	Support configurations of two (per TRP) p0-PUSCH-SetList
	FG 11-8
FG 23-3-1a or 23-3-1b
	
	
	
	Per Band
	
	
	
	
	Optional

	23. NR_FeMIMO
	23-3-1k
	Per TRP default power control parameters
	Support of two (per TRP) sets of default power control parameters when SRI fields are absent from the DCI
	FG 23-3-1a or 23-3-1b
	
	
	
	Per Band
	
	
	
	
	Optional



The following aspects need to be considered when designing UE capability for mTRP PUCCH repetitions:
· Separate capabilities are needed for mTRP PUCCH Scheme 1 versus Scheme 3
· Supported PUCCH format(s) need to be indicated for each of the Scheme 1 and Scheme 3
· For the details of the capability for Scheme 3, we need to consider how the capability of sub-slot based PUCCH repetition with sTRP in Rel-17 IIoT AI is indicated.
· Updating two beams / power control parameters for a group of PUCCH resources requires a UE capability

Proposal 3-2: Adopt the following for Rel-17 mTRP PUCCH UE features.

	23. NR_FeMIMO
	23-3-2
	Multi-TRP PUCCH repetition
	1. Support of multi-TRP PUCCH repetition scheme 1 (inter-slot repetition)
2. Support of updating two Spatial Relation Info’s / two sets of power control parameters for a PUCCH resource by MAC-CE
3. Supported PUCCH formats for this scheme

	
	
	
	
	Per FS
	
	
	
	Note: For more than 2 repetitions, sequential beam mapping is supported as part of this FG. 


Component 3: A bit map of size 5 for PUCCH format 0-4. At least one value of the bitmap should be set to 1.
	Optional

	23. NR_FeMIMO
	23-3-2a
	Multi-TRP PUCCH repetition with sub-slots
	1. Support of multi-TRP PUCCH repetition scheme 3 (sub-slot based repetition)
2. Supported PUCCH formats for this scheme

	FG 23-3-2
	
	
	
	Per FS
	
	
	
	Note1: For more than 2 repetitions, sequential beam mapping is supported as part of this FG. 


Note2: The details of this FG should be decided after FG(s) related to sTRP sub-slot based PUCCH repetition in Rel-17 IIoT AI.

Component 3: A bit map of size 5 for PUCCH format 0-4. At least one value of the bitmap should be set to 1.

	Optional

	23. NR_FeMIMO
	23-3-2b
	Two TPC fields in DL DCI
	Support of second TPC field for per TRP closed-loop power control for PUCCH with DCI formats 1_1 / 1_2

	FG 8-9
FG 23-3-2
	
	
	
	Per Band
	
	
	
	
	Optional

	23. NR_FeMIMO
	23-3-2c
	Cyclic beam mapping
	Support of cyclic mapping when the number of repetitions is larger than 2 
	FG 23-3-2
	
	
	
	Per Band
	
	
	
	
	Optional

	23. NR_FeMIMO
	23-3-2d
	Updating two Spatial relation or two sets of power control parameters for PUCCH group
	Support of updating two Spatial Relation Info’s / two sets of power control parameters for a group of PUCCH resources in a CC by MAC-CE
	FG 16-1b-3
FG 23-3-2
	
	
	
	Per Band
	
	
	
	
	Optional







4. Inter-cell mTRP
The following aspects need to be considered when designing UE capability for Inter-cell mTRP
· Aligned and unaligned SSBs need to have separate capabilities due to different UE complexity
· The max number of additional RRC-configured PCIs should be separately indicated for each of the two scenarios above

Proposal 4-1: Adopt the following for Rel-17 inter-cell mTRP UE features.

	23. NR_FeMIMO
	23-4
	IntCell-mTRP
	Support of additional RRC-configured PCI(s) that a TCI state/QCL information is associated with

	FG 16-2a
	
	
	
	Per FS
	
	
	
	Note1: Only 1 additional PCI can be associated with the active TCI States, 

Note2: One PCI associated with one or more of activated TCI states for PDSCH/PDCCH is associated with one CORESETPoolIndex , another PCI associated with one or more of activated TCI states for PDSCH/PDCCH is associated with another CORESETPoolIndex
	Optional

	23. NR_FeMIMO
	23-4b
	Aligned SSBs
	1. Support the case where SSBs of the serving PCI and SSBs of additional RRC-configured PCI(s) have the same time domain position and periodicity
2. The maximum number of additional RRC-configured PCI(s)
	FG 23-4
	
	
	
	Per Band
	
	
	
	Component 2: {1 … TBD}
	Optional

	23. NR_FeMIMO
	23-4c
	Unaligned SSBs
	1. Support the case where SSBs of the serving PCI and SSBs of additional RRC-configured PCI(s) do not have the same time domain position and periodicity
2. The maximum number of additional RRC-configured PCI(s)
	FG 23-4
	
	
	
	Per Band
	
	
	
	Component 2: {1 … TBD}
	Optional




5. mTRP BM

Proposal 5-1: As in FG 23-5-1, the support of enhanced group-based beam report can be indicated by the maximum number of supported beam groups.
Proposal 5-2: As in FG 23-5-1a, UE supporting FG 23-5-1 can indicate whether supporting the 2 reported beams in a report from different cells
· This requires UE to support inter-cell mTRP in FG 23-4.
	23. NR_FeMIMO
	23-5-1
	Enhanced group-based beam report
	1. Maximum number of supported beam groups

	
	
	
	
	Per band
	
	
	
	
	Candidate value set: {0,1,2,3,4}

	23. NR_FeMIMO
	23-5-1a
	Support 2 reported beams per group from different cells
	1. Support of 2 reported beams in a reported beam group from different cells

	FG 23-4
	
	
	
	Per band
	
	
	
	
	Optional



Proposal 5-3: As listed in FG 23-5-2, the support of mTRP BFR can be indicated by the maximum number of supported BFD-RS resources per set.
	23. NR_FeMIMO
	23-5-2
	Maximum number of BFD-RS resources per set for MTRP BFR
	1. Maximum number of supported BFD-RS resources per set



	
	
	
	
	Per band
	
	
	
	
	Candidate value set: {0,1,2}
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6. mTRP HST-SFN
In [1], four FGs (FG 23-6-1 to FG 23-6-4) have been listed for HST-SFN enhancement. Regarding FG 23-6-1 of the support SFN scheme A (scheme 1), we believe it can be split into two sub features. The main features should describe UE capability for supporting SFN scheme 1 for both PDDCH and PDSCH or only PDSCH. This is based on the RAN1 agreement of the supported trannissmision schemes between PDCCH and PDSCH where either same SFN mode is used for both PDCCH and PDSCH in addition to single TRP PDCCH and SFN scheme 1 PDSCH. 

	Agreement
Support the following combination of the transmission schemes
· Single-TRP PDCCH + Rel-17 Scheme 1 PDSCH
· Single-TRP PDCCH + Rel-17 TRP-based pre-compensation PDSCH
· FFS: Other combinations of the transmission scheme 
Note: The PDSCH corresponds to the PDSCH scheduled by DCI formats 1_1 and 1_2.

Agreement
· UE does not expect to be configured different SFN schemes (scheme 1 or TRP pre-compensation) for both PDCCH and PDSCH. 





Proposal 6-1: Split FG 23-6-1 into main FG for the support of scheme A for PDDCH/PDSCH and FG 23-6-1A for the support of dynamic switching between single TRP PDSCH and SFN PDSCH scheme A. 

Proposal 6-2: FG 23-6-1 should have two componeonets: 
1. Support of Scheme A for both PDSCH and PDCCH
2. Support of Scheme A for PDSCH only, where PDCCH is single TRP.

A similar discussion is applicable to SFN scheme B, where based on RAN1 agreements SFN scheme B is applicable on to HST deployment. FG 23-6-2 can be split into main FG for the support of SFN scheme B for both PDCCH and PDSCH or PDSCH only where PDCCH is single TRP. 

Proposal 6-3: Split FG 23-6-2 into main FG for the support of scheme B for PDDCH/PDSCH and FG 23-6-2A for the support of dynamic switching between single TRP PDSCH and SFN PDSCH scheme B. 

Proposal 6-4: FG 23-6-2 should have two componeonets: 
3. Support of Scheme B for both PDSCH and PDCCH
4. Support of Scheme B for PDSCH only, where PDCCH is single TRP.

Regarding FG 23-6-3, it should be prerequist on the support of SFN PDCCH scheme A or scheme B and should be a separate UE feature than Rel-16 FG 16-1b-1.

Proposal 6-5: The support of SFN PDDCH (FG 23-6-1 or FG 23-6-1) should be prerequist to support FG 23-6-3 of simmultenous activation of two TCI states for PDCCH across multiple CCs

Regarding FG 23-6-4, it could be split into multiple FGs, the main one on the default beam for PDSCH, add FG FG 23-6-4A for UE capality of two QCL TypeD properories for multiple overlapping CORESETs when a CORESET is activated with two TCI as per RAN1-agreement below. Also, add component 23-6-4b for default beam for AP-CSIRS and compoenent 23-6-4c for default spatial relation and pathloss RS.

	Agreement
When a CORESET is activated with two TCI states which overlaps with another CORESET, support extension of Rel-15 prioritization rule for PDCCH monitoring of PDCCH candidates in overlapping monitoring occasions with different QCL-TypeD
· FFS: Prioritization rule considers CORESETs indicated with 1 and/or 2 TCI states 
· Supports identifying two QCL-TypeD properties for multiple overlapping CORESETs
· UE capability is introduced
· FFS other details
· FFS: Strive to have same / similar solution as discussed under AI 8.1.2.1





Proposal 6-6: Split FG 23-6-4 into main FG for the support of default beam for SFN PDSCH, and
· FG 23-6-4A: Two QCL TypeD properties for overlapping CORESETs
· FG 23-6-4B: Default beam for AP-CSI in SFN mode 
· FG 23-6-4C: Default spatial relation and pathloss RS

Regarding componenet 2 of supporting PDSCH reception when tci filed not present, we believe that this component should be either removed as it has been agreed only for DCI format 1_0 which already doesn’t have tci-field or explcilty clarified in the description that DCI refers to DCI format 1_0.

Proposal 6-7:  Remove compoenent 2 of FG 23-6-4 or clarify the component description that DCI refer for DCI format 1_0.


Proposal 6-8: Adopt the following for Rel-17 HST-SFN UE features.


	23. NR_FeMIMO
	23-6-1
	SFN scheme A (scheme 1)
	1. Support of scheme A for both PDCCH and PDSCH.
2. Support of scheme A for PDSCH only, where PDCCH is single TRP.


	
	
	
	
	Per band
	
	
	
	For each component:
{Support, Not support}
	Optional

	23. NR_FeMIMO
	23-6-1A
	SFNschem A PDSCH dynamic switching
	Support of dynamic switching between single-TRP and SFN PDSCH scheme A for DCI formats 1_1, 1_2
	FG 23-6-1

	
	
	
	Per band
	
	
	
	{Support, Not support}
	Optional 

	23. NR_FeMIMO
	23-6-2
	SFN scheme B (TRP based pre-compensation)
	1. Support of scheme B for both PDCCH and PDSCH
2. Support of scheme B for PDSCH only, where PDCCH is single TRP.


	
	
	
	
	Per band
	
	
	
	For each component:
{Support, Not support}
	Optional

	23. NR_FeMIMO
	23-6-2A
	SFNschem B PDSCH dynamic switching
	Support of dynamic switching between single-TRP and SFN PDSCH scheme B for DCI formats 1_1, 1_2
	FG 23-6-2
	
	
	
	Per band
	
	
	
	{Support, Not support}
	Optional 

	23. NR_FeMIMO
	23-6-3
	Simultaneous activation of two TCI states for PDCCH across multiple CCs (HST)
	Support of simultaneous activation of two TCI states in all BWPs across set of configured component carriers
	FG 23-6-1 (component 1 PDCCH), or
 FG 23-6-2 (component 1 PDCCH)
	
	
	
	Per UE
	
	
	
	{Support, Not support}
	Optional

	23. NR_FeMIMO
	23-6-4
	Default beam setup for HST
	1. Support of PDSCH reception using default beam for Rel-17 enhanced SFN scheme when PDSCH is scheduled with offset less than threshold
2. Support PDSCH reception using default beam for Rel-17 enhanced SFN scheme when TCI field is not present in DCI for DCI format 1_0.
	
	
	
	
	Per band
	
	FR2 only
	
	For each component {Support, Not support}
	Optional

	23. NR_FeMIMO
	23-6-4a
	Two QCL TypeD properties for SFN PDCCH 
	Supports identifying two QCL-TypeD properties for multiple overlapping CORESETs when a CORESET is activated with two TCI

	FG 23-6-1 (PDCCH), or
FG 23-6-2 (PDCCH)
	
	
	
	Per Band
	
	FR2 only
	
	{Support, Not support}
	Optional

	23. NR_FeMIMO
	23-6-4b
	Default QCL assumption for A-CSI-RS in SFN mode
	Support aperiodic CSI-RS reception using default beam for Rel-17 enhanced SFN scheme when scheduling offset is less than threshold
	FG 23-6-1 (PDCCH), or
FG 23-6-2 (PDCCH)
	
	
	
	Per Band
	
	FR2 only
	
	{Support, Not support}
	Optional

	23. NR_FeMIMO
	23-6-4c
	Default spatial relation and pathloss RS
	1. Support of single-TRP PUCCH transmission using default beam and PL-RS when enhanced SFN PDCCH transmission scheme is configured

2. Support of single-TRP PUSCH transmission using default beam and PL-RS when enhanced SFN PDCCH transmission scheme is configured

3. Support of single-TRP SRS resource transmission using default beam and PL-RS when enhanced SFN PDCCH transmission scheme is configured

	FG 23-6-1 (PDCCH), or
FG 23-6-2 (PDCCH)
	
	
	
	Per Band
	
	FR2 only
	
	For each component:
{Support, Not support}
	Optional










7. SRS enhancement

In [1], egiht FGs (FG 23-8-1 to FG 23-8-8) have been listed for SRS enhancement. In general, we are fine with the listed UE features. On FG 23-8-4, we think that two notes should be added to clarity the supported number of sets for periodic and semi-persisent SRS sets when the UE doesn’t support this feature. Regarding FG 23-8-6, the description filed should clarity that the feature is supported when SRS frequency hopping is enabled. Also, FG 2-52 (basic SRS) should be listed as prerequist for the FG 23-8-1 and FG 23-8-2. 

Proposal 7-1: For UE features on R17 SRS enhancements, suggest the following edits
· Add two Notes for clarifying the number of sets for periodic and semi-persistent SRS when the UE doesn’t support FG 23-8-4
· Clarify FG 23-8-6 with regards to SRS frequency hopping configuration.
· Add FG 2-52 (basic SRS) as prerequisite for FG 23-8-1 and FG 23-8-2
· Add FG 2-55 (SRS Tx switch) as prerequisite for FG 23-8-3 and further discuss extension of Rel-16 of combo SRS Tx-switch.
· Add FG 2-53 (SRS resources) as prerequisite for FG 23-8-4.
· Add FG10-11 (SRS transmission at any symbol) as prerequisite for FG 23-8-5.
 
	23. NR_FeMIMO
	23-8-1
	SRS triggering offset enhancement
	Support of determining aperiodic SRS location based on available slot for DCI format 1_1, 1_2, 0_1 and 0_2

	FG 2-52
	
	
	
	Per FS
	
	
	
	{Support, Not support}
	Optional

	23. NR_FeMIMO
	23-8-2
	Triggering SRS only in DCI 0_1/0_2
	Support of triggering A-SRS in DCI 0_1/0_2 without data and without CSI
	FG 2-52
	
	
	
	Per FS
	
	
	
	{Support, Not support}
	Optional

	23. NR_FeMIMO
	23-8-3
	SRS Antenna switching for >4Rx
	Support of SRS antenna switching xTyR with y>4
	FG 2-55
	
	
	
	Per BC
	
	
	
	{1T6R, 1T8R, 2T6R, 2T8R, 4T6R, 4T8R}
	Optional

	23. NR_FeMIMO
	23-8-4
	Maximum 2 SP SRS sets for antenna switching
	Support of maximum 2 SP SRS resource sets for antenna switching
	FG 2-53
	
	
	
	Per FS
	
	
	
	{Support, Not support}

Note1: For xTyR where y>4, if UE does NOT support this feature, support maximum one SRS resource set for semi-persistent SRS.

Note2: For xTyR where y<=4, follow Rel-15 on the number of resource sets for periodic and semi-persistent SRS.

	Optional

	23. NR_FeMIMO
	23-8-5
	Increased repetition for SRS
	Support of increased repetition patterns (8, 10, 12, 14 symbols) for SRS resource
	FG 10-11
	
	
	
	Per FS
	
	
	
	{Support, Not support}
	Optional

	23. NR_FeMIMO
	23-8-6
	Partial frequency sounding of SRS
	Support of partial frequency sounding for peridocs and semi-persisent SRS, only when freq. hopping enabled.
	
	
	
	
	Per Band
	
	
	
	{Support, Not support}
	Optional

	23. NR_FeMIMO
	23-8-7
	Start RB location hopping for partial frequency SRS
	Support of start RB location hopping in partial frequency sounding with frequency hopping
	FG 23-8-6
	
	
	
	Per Band
	
	
	
	{Support, Not support}
	Optional

	23. NR_FeMIMO
	23-8-8
	Comb-8 SRS
	Support of comb-8 for MIMO SRS
	
	
	
	
	Per FS
	
	
	
	{Support, Not support}
	Optional





8. mTRP CSI
The following aspects need to be considered when designing UE capability for mTRP CSI:
· The basic FG need to only include the minimum that is needed for NCJT CSI.
· The FG needs to be consistent with the Rel-15 and Rel-16 CSI capability framework.
· Due to complexity for UE to calculate two PMIs jointly for NCJT, a list of vectors for NCJT capabilities and sTRP capabilities are needed.
· For NCJT CSI reporting, UE should be able to indicate whether option 1, option 2, or both are supported.
· For Option 1, UE should be able to indicate which values of X (X=0,1,2) are supported.
· Default capability for Option 1 is X=0.

Proposal 5-1: Adopt the following for Rel-17 inter-cell mTRP UE features.
	23. NR_FeMIMO
	23-7-1
	CSI Enhancement for Multi-TRP
	1. Support of two CMR groups in a CSI-RS resource set for Multi-TRP CSI
2. Support of one pair of CMRs from the two CMR groups (Nmax=1)
3. Supported option(s) for CSI reporting  
4. A list of vectors {max # of ports per resource for NCJT, max # of total NCJT hypotheses, max # of total ports of CMRs for NCJT, max # of ports per resource for sTRP, max # of resources for sTRP, max # of total ports for sTRP} 
5. Supported codebook modes
6. A list of (Y1,Y2): UE can process Y1 NCJT CSI report(s) and Y2 sTRP CSI report(s) simultaneously in a CC



7. A list of (X1,X2): UE can process X1 NCJT CSI report(s) and X2 sTRP CSI report(s) simultaneously across all CCs
	
	
	
	
	Per Band













Per Band Combination
	
	
	
	Note: This feature is applicable to ‘typeI-SinglePanel’ codebook

Component 3: {Option 1, Option 2, both}
If UE supports ‘Option 1’ or ‘both’, X=0 CSIs associated with single-TRP measurement hypotheses is assumed

Compenent 4: The list can have maximum of 16 vectors
- Max # of Tx ports in one resource for NCJT: {2, 4, 8, 12, 16, 24, 32}
- Max # of total NCJT hypotheses: {1 to 32}
- Max # total ports of CMRs for NCJT: {4 to 256}
- Max # of Tx ports in one resource for sTRP: {4,8,12,16,24,32}
- Max # resources for sTRP: {1 to 64}
- Max # total ports for sTRP: {4 to 256}

Note: Component 4 is also reported per band combination (in addition to per band).

Compenent 5:{ mode 1, both mode 1 and mode 2}

Compoentn 6: The list can have maximum of 16 pairs.
- Y1: {1 to 4}
- Y2: {1 to 6}

Compoentn 7: The list can have maximum of 16 pairs.
- X1: {2 to 16}
- X2: {1 to 28}


Note: When no NCJT CSI is configured/active, sTRP CSI capabilities are based on Rel-15/16 capabilities.

	Optional

	23. NR_FeMIMO
	23-7-2
	Supported value of X for Option 1
	Supported values of X (reported CSIs associated with single-TRP measurement hypotheses) for Option 1  
	FG 23-7-1
	
	
	
	Per Band
	
	
	
	Note: UE supporting this feature indicates ‘Option 1’ or ‘both’ in component 4 of FG 23-7-1.

Candidate values: {1, 2, 1and2}
	Optional

	23. NR_FeMIMO
	23-7-3
	More than two resources in a resource set for Multi-TRP CSI
	Supported maximum # of CSI-RS resources in a resource set for Multi-TRP CSI (value  Ks,max )
	FG 23-7-1
	
	
	
	Per Band
	
	
	
	Candidate values: {3…8}
	Optional

	23. NR_FeMIMO
	23-7-4
	Support two pairs of CMRs
	Support of two pairs of CMRs from the two CMR groups (Nmax=2)
	FG 23-7-1
	
	
	
	Per Band
	
	
	
	
	Optional

	23. NR_FeMIMO
	23-7-5
	CMR sharing
	Support a CMR from a pair of CMRs configured for a Multi-TRP CSI measurement hypothesis to be used for Single-TRP measurement hypotheses
	FG 23-7-1
	
	
	
	Per Band
	
	
	
	
	Optional




9. FDD CSI
For Rel-17 port-selection Type II codebook, it is preferred to reuse Rel-16 UE capability framework/mechanism as much as possible. For codebook concurrency, since Type I codebook is typically used for basic periodic CSI reporting, it is reasonable to introduce codebook currency of Type I and Rel-17 port-selection Type II codebook. Hence, we propose
Proposal 9: For Rel-17 port-selection Type II codebook, following aspects need to be considered
· Supporting Rel-17 port-selection Type II codebook with reported CSI-RS capability in terms of {max # ports per resource, max # resource, max # total ports}
· Per band capability and per band-combination capability
· Supporting M > 1 FD bases with additional UE capability signaling (previous agreement)
· Report {support, not support} 
· Support per band capability 
· Supporting rank 3 and rank 4 as additional UE capability signaling (previous agreement)
· Report {support, not support}
· Support per band capability 
· Supporting R > 1 with additional UE capability signaling (previous agreement, but whether having R > 1 is TBD)
· Supporting R > 1 with reported CSI-RS capailbity in terms of {max # ports per resource, max # resource, max # total ports}
· Per band capability and per band combination capability
· Introduce codebook combination {Type I, Rel-17 port-selection Type II} and report CSI-RS capability in terms of {max # ports per resource, max # resource, max # total ports}

Example UE feature list is provided below.
	23. NR_FeMIMO
	23-9-1
	Port-selection FeType II
	1. {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} to support port selection eType-II for R=1 

2. Parameter combinations related to M = 1

3. Support of rank 1,2 

	FG 2-35
	
	
	
	Per band
Per BC
	
	
	
	Candidate values for component 1: 
- Maximum 16 triplets 
- Max # of Tx ports in one resource: {4,8,12,16,24,32} 
- Max # resources: {1 to 64} 
- Max # total ports: {4 to 256}
	Optional

	23. NR_FeMIMO
	23-9-2
	More than 1 FD basis
	Support parameter combinations related to M > 1
	FG 23-9-1
	
	
	
	Per band
	
	
	
	{support, not support}
	Optional 

	23. NR_FeMIMO
	23-9-3
	Rank 3 and 4
	Support rank 3 and 4
	FG 23-9-1
	
	
	
	Per band
	
	
	
	{support, not support}
	Optional

	23. NR_FeMIMO
	23-9-4
	Support PMIs in one subband with R > 1 (if agreed in MIMO session)
	1. {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} to support port selection eType-II for R > 1 

	FG 23-9-1
	
	
	
	
	
	
	
	Candidate values for component 1: 
- Maximum 16 triplets 
- Max # of Tx ports in one resource: {4,8,12,16,24,32} 
- Max # resources: {1 to 64} 
- Max # total ports: {4 to 256}
	

	23. NR_FeMIMO
	23-9-5
	Active CSI-RS resources and ports for mixed codebook types in any slot for R17

	1. Report a list of codebook combinations as {codebook 1, codebook 2} 

2. For each codebook combination, report a list of {max number of ports per resource, max number of resources, max number of total ports} 
	2-36/40 in Rel-15, and 23-9-1/4 in Rel-17 

	
	
	
	Per band
Per BC
	
	
	
	Component-1 candidate values: 
Codebook 1 = {Type I SP, Type I MP} 
Codebook 2 = R17 port-slection FeType II 

Note 3：if a UE reports one or more codebook combinations in 23-9-5, then usage of active CSI-RS resources and ports for multiple codebooks in any slot is allowed only within those combinations 

Note 4: For coexisting of mixed codebooks in any slot, gNB need to honor 23-9-5 and per-codebook capability 2-36/40 and 23-9-1/23-9-4
 
Component-2 candidate values: 
- Maximum 16 triplets for each codebook combination 
- Max # of Tx ports in one resource: {4,8,12,16,24,32} 
- Max # resources: {1 to 64} 
- Max # total ports: {4 to 256} 
	Optional





10. 
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