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Introduction
In this contribution we provide our view on MIMO related UE features, based on the outcome of the UE feature discussion from RAN1#92 (R1-1803480).  We have marked our input colored with blue text. Note that changes are in the ‘#’, ‘Components’, ‘Prerequisite feature groups’, and ‘Consequences’, columns as well as in the ‘initial access/forward compatibility’, ‘Ericsson Comments’, and ‘Proposal’ columns.

RAN1 did not managed in its work with the UE feature list to complete the task in RP-172816, i.e. by highlighting what feature has an relationship to initial access or forward compatibility. However these aspects have in most cases been discussed when creating the UE feature list. We have however provided our views below for these aspects, in a similar way as we have done in RAN WG1 discussion.
Input on UE feature list

	Features
	#
	Feature group
	Components
	Prerequisite feature groups 
(listed in this sheet only)
	Need for gNB to know whether the
feature is supported by the UE
(what happens if gNB does not know?)
	Consequences if the feature
 is not supported by the UE
	Type (see R2-1712078)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	RAN5 implication
	Issue related to "initial access-related" or "forwards compatibility-related" see RP-172816
	Note
	Responsible WG
	RAN WG recommendation
	Ericsson Comments
	Proposal

	2. MIMO
	2 -1
	Basic PDSCH reception

	1. Data RE mapping
2. Single layer transmission
	 
	Yes
	
	N.A.
	N.A.
	N.A.
	
	Initial access-related
	
	RAN1
	Mandatory without capability signaling
	
	

	
	2-2
	PDSCH beam switching
	1. Time duration (definition follows section 5.1.5 in TS 38.214), Xi, to determine and apply spatial QCL information for corresponding PDSCH reception
Note: candidate value will be decided after feature is completed. (note: this may not needed)
Time duration is defined counting from  end of last symbol of PDCCH to beginning of the first symbol of PDSCH
Xi is the number of OFDM symbols, i is the index of SCS, l=1,2, corresponding to 60,120 kHz SCS.
	2-1
	Yes
	
	Type-3 
	No need
	Applicable only for FR2
	
	Forward compatibility related
	
	RAN1
	Candidate value set for X1 is {7, 14, 28}, 
Candidate value set for X2, {14, 28}
	Support 14 symbols. Also 0 symbols should be a possible value.
	Mandatory with capability signaling

	
	2-3
	PDSCH MIMO layers
	1. Supported maximal number of MIMO layers
	2-1
	Yes
	Only one layer is supported 
	Type 3
	N.A.
	N.A.
	
	Forward compatibility related
	
	RAN1
	Candidate values: {1,2,4,8}
FFS on the minimal layers for different band or band combination. 
	The value 1 should be removed since it is supported under 2-1, the basic capability.

See Note  
	At least 2 layers is supported


	
	2-4
	TCI states for PDSCH
	1. Support number of active TCI states per CC 
2. maximum number of configured TCI states, 
	2-1
	Yes
	Only one TCI state can be supported

	Type 1 
	N.A. 
	N.A.
	
	Forward compatibility related
	
	
	Component-1: Candidate value set: {1, 2, 4, 8 }

Component-2: candidate value set: {4, 8, 16, 32, 64}

FFS: mandatory value
	



Component 2: No need to be a UE capability – maximum number of candidate TCI states can be 64 for all UEs since there is no requirement for inactive states to be tracked.

See Note
	Mandatory with UE capability signaling.

Component 1: 8 active TCI states are supported.

Component 2: A value of 64 states is supported by all UEs and is not a capability.

	
	2-5
	Basic downlink DMRS
for scheduling type A 
	1. Support 1 symbol FL DMRS without additional symbol(s)  
2. Support 1 symbol FL DMRS and 1 additional DMRS symbol 
3. Support 1 symbol FL DMRS and 2 additional DMRS symbols for  at least one port. 
	2-1
	Yes
	
	N.A.
	N.A.
	N.A.
	
	
	conditioned to whether PDSCH scheduling type A is supported
	
	Mandatory without UE capability(condition to scheduling capability)
	Component 3 must be Type 1 as it is used prior to RRC configuration
Component 3 is single port only
	

	
	2-6
	Basic downlink DMRS
for scheduling type B
	1. Support 1 symbol FL DMRS without additional symbol(s)
2. Support 1 symbol FL DMRS and 1 additional DMRS symbol 
	
	Yes
	
	N.A.
	N.A.
	N.A.
	
	
	conditioned to whether PDSCH scheduling type B is supported
	
	Mandatory without UE capability (condition to scheduling capability)
	
	

	
	2-6a
	Support 1+2 DMRS (downlink) for scheduling Type A
	1. Support 1 symbol FL DMRS and 2 additional DMRS symbols for more than one port 
	2-6
	Yes
	1 FL + 2 additional DMRS for more than one port is not supported
	Type 4
	No need
	Yes
	
	Forward compatibility related
	
	
	Mandatory with UE capability signaling
	This should be e.g. 2-6a since there is another 2-6. This only applies to Type A
	Fix duplicate feature numbering. Clarify that it is Type A only

	
	2-7
	Supported 2 symbols front-loaded DMRS(downlink)
	1. Support 2 symbols FL-DMRS

	2-5
	Yes
	2 FL DMRS is not supported
	Type 4
	No need
	Yes
	
	Forward compatibility related
	
	
	
	Needed to ensure MU-MIMO gains.  

See Note
	Mandatory without UE capability signaling

	
	2-8
	Supported 2 symbols front-loaded +2 symbols additional DMRS(downlink)
	1. Support 2-symbol FL DMRS + one additional 2-symbols DMRS 
	2-5
	Yes
	2 FL DMRS + one additional 2-symbols DMRS is not supported
	Type 4
	No need
	Yes
	
	Forward compatibility related
	
	
	
	Needed to ensure MU-MIMO gains.  

See Note
	Mandatory without UE capability signaling

	
	2-9
	Support 1+3 DMRS symbols(downlink)
	1. Support 1 symbol FL DMRS and 3 additional DMRS symbols
	2-5
	Yes
	1 symbol FL DMRS and 3 additional DMRS symbols is not supported
	Type 4
	No need
	Yes
	
	
	
	
	
	Not needed except for very high speed UEs. 

This is a special configuration used in special scenarios.
	Optional with UE capability signaling

	
	 2-10
	 Support DMRS type (downlink)
	Support DMRS {type 1, type 2} 
	 
	Yes
	Only the mandatory DMRS type(s) are supported
	Type 4 
	No need
	Yes
	
	Forward compatibility related
	
	
	RAN1 will further discuss which Type will be mandatory or both type will be mandatory  

	Type 1 and 2 are both needed to ensure possibility to schedule MU-MIMO and to ensure MU-MIMO gains. 

Note that Type 1 is already supports by default 
See Note.
	Type 2 is mandatory without UE capability signaling

	
	2-11
	Downlink dynamic PRB bundling (downlink)
	1. Support dynamic PRB bundling indication via DCI
Note: Support of semi-static PRB bundling--mandatory 
	2-1
	Yes
	No support of dynamic PRB bundling
	Type 4
	No need
	No need
	
	
	
	
	Optional
	Not necessary to be mandatory
	Optional with capabiltiy signalling

	
	2-12
	Basic PUSCH transmission
	Data RE mapping
Single layer (single Tx) transmission
	 
	Yes
	
	N.A. 
	N.A.
	N.A.
	
	
	
	
	Mandatory without UE capability
	
	

	
	2-13
	PUSCH codebook coherency subset
	Proposal: 
1. Supported codebook coherency subset type: Candidate value set: {non-coherent, partial/non-coherent, full/partial/non-coherent}
	2-12
	Yes
	Only non-coherent codebook subset is supported
	Type 1
	N.A.
	N.A.
	
	
	
	
	Candidate values: {non-coherent, partial-non-coherent, full-coherent}

	Non-coherent should be mandatory for UEs capable of >1 layer PUSCH
	

	
	2-14
	Codebook based PUSCH MIMO transmission 

	1. Supported codebook based PUSCH MIMO with maximal number of supported layers
	2-13
	Yes
	Uplink codebook based MIMO (with >1 Tx port) transmission is not supported
	Type 3
	N.A.
	N.A.
	
	
	
	
	Candidate value: {no-codebook based MIMO, 1, 2, 4}
	>1 layer should be optional
	

	
	2-15
	non-codebook based PUSCH transmission
	1. Maximal number of supported layers (non-codebook transmission scheme): 
	2-12
	Yes
	No support of non-codebook based PUSCH transmission
	Type 3
	N.A.
	N.A.
	
	
	
	
	Component-1 candidate values: {“No non-codebook based MIMO”, 1, 2, 4}
	Optional
	

	
	2-15a
	Association between CSI-RS and SRS 
	Support association between NZP-CSI-RS and SRS resource set via RRC parameter “SRS-AssocCSIRS” 
	2-15
	Yes
	Association between CSI-RS and SRS is not supported
	Type 3
	N.A.
	N.A.
	
	
	
	
	Optional
	Suggest the feature be called ‘Support configuration of SRS-AssocCSIRS’ to avoid ambiguity with SRS-SpatialRelationInfo  in beam management. 
	Optional with UE capability signaling.

Clarify definition.

	
	2-16

	Basic uplink DMRS (uplink) for scheduling type A

	1. Support 1 symbol FL DMRS without additional symbol(s)
2. Support 1 symbol FL DMRS and 1 additional DMRS symbols 
3. Support 1 symbol FL DMRS and 2 additional DMRS symbols for a single DMRS port only
	
	Yes
	
	N.A.
	N.A.
	N.A.
	
	
	conditioned to whether PUSCH scheduling type A is supported
	
	Mandatory without UE capability 
	Component 3 is used prior to dedicated RRC configuration with a single DMRS port
	Clarify that it is single port only

	
	2-16a
	Basic uplink DMRS
for scheduling type B
	1. Support 1 symbol FL DMRS without additional symbol(s)
2. Support 1 symbol FL DMRS and 1 additional DMRS symbol 
	
	Yes
	
	N.A.
	N.A.
	N.A.
	
	
	conditioned to whether PUSCH scheduling type B is supported
	
	Mandatory without UE capability 
	Type B is considered to be part of the default table (prior to dedicated RRC)
	

	
	2-16b
	Support 1+2 DMRS (uplink) for scheduling type A
	1. Support 1 symbol FL DMRS and 2 additional DMRS symbols for more than one port
	2-6 2-16
	Yes
	1+2 DMRS for more than one port is not supported for scheduling type A

	Type 4
	No need
	Yes
	
	
	
	
	Mandatory with UE capability signaling
	The 1+2 only applies for Type A
	Clarify that it is type A only

	
	2-17
	 Support DMRS type (uplink)

	Support DMRS {type 1, type 2 }
	 2-16
	Yes
	
	Type 4
	No need
	Yes
	
	Forward compatibility related
	
	
	At least type-1 is mandatory. 
FFS on type-2 is mandatory or optional 

	Type 1 and 2 are both is needed to ensure possibility to schedule MU-MIMO and to ensure MU-MIMO gains. 

Note that Type 1 is already supported by default
See Note.
	Type 2 is mandatory without UE capability signaling

	
	2-18
	Supported 2 symbols front-loaded DMRS (uplink)
	1. Support 2 symbols FL-DMRS

	2-16
	Yes
	
	Type 4
	No need
	Yes
	
	Forward compatibility related
	
	
	FFS on whether it’s mandatory or optional

	Needed to ensure MU-MIMO gains. 

See Note.
	Mandatory without UE capability signaling

	
	2-18a
	Supported 2 symbols front-loaded +2 symbols additional DMRS (uplink)
	1. Support 2-symbol FL DMRS + one additional 2-symbols DMRS 
	2-16
	Yes
	
	Type 4
	No need
	Yes
	
	Forward compatibility related
	
	
	FFS on whether it’s mandatory or optional

	Needed to ensure MU-MIMO gains. 

See Note.
	Mandatory without UE capability signaling

	
	2-19
	Support 1+3 uplink DMRS symbols(uplink)
	1. Support 1 symbol FL DMRS and 3 additional DMRS symbols
	2-16
	Yes
	
	Type 4
	No need
	Yes
	
	
	
	
	FFS on whether it’s mandatory or optional

	Only needed for very high speed UEs. 
	Optional with UE capability signaling

	
	2-20
	Beam correspondence
	1. Support Beam correspondence
	 
	Yes
	Beam correspondence is not supported
	Type 1
	No need
	N.A.
	
	Initial access related
	Note: Beam correspondence means each Tx port can be beamformed in a desirable direction but does not imply setting phase across ports
	
	[Mandatory at least for FR2] 


	Should be mandatory.

See Note
	Mandatory  without UE capability signaling at least for FR2

	
	2-21
	Periodic beam report
	1. Support report on PUCCH formats over 1 – 2 OFDM symbols once per slot
2. Support report on PUCCH formats over 4 – 14 OFDM symbols once per slot

	
	Yes
	No support of periodic L1-RSRP report 
	Type 1
	No need
	N.A.
	
	Forward compatibility related
	
	
	Mandatory with UE capability at least for FR2
FFS: for FR1

	Agree with RAN WG recommendation (Mandatory at least for FR2)
	Mandatory with UE capability at least for FR2.


	
	2-22
	Aperiodic beam report
	1. Support report on PUSCH
	
	Yes
	No support of aperiodic L1-RSRP report
	Type 1
	No need
	Yes
	
	Forward compatibility related
	
	
	Mandatory with UE capability at least for FR2

	Agree with RAN WG recommendation (mandatory at least for FR2)
	Mandatory without UE capability at least for FR2.


	
	2-23
	Semi-persistent beam report on PUCCH
	1. Support report on PUCCH formats over 1 – 2 OFDM symbols once per slot(or piggybacked on a PUSCH)
2. Support report on PUCCH formats over 4 – 14 OFDM symbols once per slot(or piggybacked on a PUSCH)
	
	Yes
	No support of PUCCH based SP L1-RSRP report
	Type 1
	N.A.
	Yes
	
	
	
	
	Optional
	Corrected terminology: ‘PUCCH based SPS’ to ‘PUCCH based SP’
	Optional with UE capability signaling.

Correct terminology.

	
	2-23a
	Semi-persistent beam report on PUSCH
	1. Support report on PUSCH 
	
	Yes
	No support of PUSCH based SP L1-RSRP report
	Type 1
	N.A.
	Yes
	
	
	
	
	Optional
	Corrected terminology: ‘PUSCH based SPS’ to ‘PUSCH based SP’
	Correct terminology

	
	2-24
	SSB/CSI-RS for beam measurement 
	1. The max number of SSB/CSI-RS (1Tx) resources (sum of aperiodic/periodic/semi-persistent) across all CCs to measure L1-RSRP within a slot shall not exceed MB_1 

2. The max number of SSB/CSI-RS (2Tx) resources (sum of aperiodic/periodic/semi-persistent) across all CCs to measure L1-RSRP within a slot shall not exceed MB_2 

3. Supported density of CSI-RS 
	2-21, 2-22 or 2-23, 2-23a
	Yes
	RSRP measurement is not supported
	Type 1
	No need
	Yes
	
	Forward compatibility related
	
	
	Component-1, candidate value set for MB_1 is {8, 16, 32, 64}

[bookmark: _Hlk509301332]Support MB_1 =8 is mandatory for at least for >6Ghz bands

Component-2, candidate value set for MB_2 is {0, 4, 8, 16, 32, 64}

Component-3: candidate value set: 
{“1 only”, “3 only”, “both 1 and 3”}

At least density of CSI-RS =3 is mandatory at least for FR2

	More than 8 can be useful for antenna architectures with a large number of antenna elements. 

See Note


	Mandatory with UE capability signaling

Component 1: MB_1 is at least 16.

Component 1: MB_2 is at least 16.

Component 3: ‘Both 1 and 3’ is mandatory..

Correct to also depend on 2-23a

	
	2-25
	Beam reporting timing
	1. The number of symbols, Xi, between the last symbol of SSB/CSI-RS and the first symbol of the transmission channel containing beam report is at least RBi, where
i is the index of SCS, i=1,2,3,4 corresponding to 15,30,60,120 kHz SCS.
	2-24
	Yes
	Beam reporting time capability is not known by gNB
	Type 1
	N.A.
	N.A.
	
	Forward compatibility related for FR2
	
	RAN1/4
	Candidate value set for X1 is {2, 4, [8]}
Candidate value set for X2 is {4,8, [14]}
Candidate value set for X3 is {7 or 8,14 or 15, 28}
RAN1 will further decide between 7 and 8 and between 14 and 15.
Candidate value set for X4, {14, 28, [42]}

	Should be aligned with CSI reporting timing.
	Mandatory with UE capability signaling for FR2

	
	2-26
	Receiving beam selection using CSI-RS resource repetition "ON"
	1. Support Rx beam switching procedure using CSI-RS resource repetition "ON"
2. Recommended CSI-RS resource repetition number per resource set, 

	
	Yes
	Rx beam switching is not supported
	Type 1
	N.A.
	N.A.
	
	
	
	
	Support Rx beam switching is mandatory for bands at least > 6GHz

Componet-2: candidate value set {2, 3, 4, 5, 6, 7, 8}
	See Note
	2-26 is Optional with UE capability signaling

	
	2-27
	Beam switching
	1. Maximum number of Tx + Rx  beam changes a UE can conduct during a slot across the whole band CC . 
This number is defined as per SCS
Note: it is assumed that spec enable the possibility to restrict the same beam across intra-band CCs
	2-24
	Yes. 
	No resetriction on the maximum number of Tx+Rx beam change for a slot
	Type 1
	N.A.
	N.A
	
	Forward compatibility related for FR2
	
	
	Candidate value set: {4, 7, 14}

	Removed ‘This number is defined per SCS’ since only one candidate value set is given.


	Mandatory with capability signaling for FR2.

Correct Component 1.

	
	2-28
	A-CSI-RS beam switching timing
	1. Minimum time between the DCI triggering of AP-CSI-RS and aperiodic CSI-RS transmission shall be at least KBi symbols. (Symbols measured from last symbol containing the indication to first symbol of CSI-RS), where
i is the index of SCS, l=1,2,3,4 corresponding to 15,30,60,120 kHz SCS.
FFS whether we need different number for CSI-RS with repetition ‘ON’ and ‘OFF’
	2-27
	Yes 
	Reporting beam switching timing is not supported
	Type1
	N.A.
	N.A.
	
	Forward compatibility related for FR2
	
	
	Candidate values {14, 26, 28, [42], [280]} 
	Should be aligned with PDSCH beam switching time (see 2-2 above).

Prefer 14.
0 should be one option. 
.
	Mandatory with capability signaling at least for FR2.

Add switching time of 0.


	
	2-29
	Non-group based beam reporting
	1. Support of non-group based RSRP reporting with N_max reportsRSRP values reported, 

	2-24
	Yes
	Non-group based beam reporting is not supported
	Type1
	N.A
	N.A.
	
	
	
	
	candidate value set is {1, 2,4}
	Optional.

Corrected to ‘N_max RSRP values reported’, rather than ‘N_max reports’.  At least N_max = 1 is mandatory
	Optional with UE capability signaling.

Correct definition.

	
	2-29a
	Group based beam reporting
	1. Support of beam group RSRP reporting for group of 2 beams 

	
	Yes
	Group based beam reporting is not supported
	Type1
	N.A.
	N.A.
	
	
	
	
	Optional
	Agree with RAN WG recommendation
	Optional with UE capability signaling

	
	2-30
	Uplink beam management
	1 Support of SRS based beam management 
2. Supported max number of SRS resource per set (SRS set use is configured as for beam management).
3. Supported max number of SRS resource sets (SRS set use is configured as for beam management).

	
	Yes
	Uplink beam management is not supported
	Type1
	N.A.
	N.A.
	
	
	
	
	Component-2, candidate value set is {8, 16, 32}
Component-3, candidate value set is {from 1 to 8}


	Optional.
See Note related to 2-20

See Note related to 2-20
	2-30 is Optional with UE capability signaling

	
	2-31
	Beam failure recovery
	1. Maximal number of CSI-RS resources across all CCs for UE to monitor PDCCH quality  

2. Maximal number of different SSBs across all CCs for UE to monitor PDCCH quality  

3. Maximal number of different CSI-RS [and/or SSB] resources across all CCs for new beam identifications. 

	 
	Yes
	Beam failure recovery is not supported 
	Type 1
	N.A.
	N.A.
	
	
	
	
	Component-1 candidate value set: {from 1 to 64} 
Component-2 candidate: {from 1 to 64} 
Component-3:
Candidate value set is: {from 1 to 256} 
	4+4 should be more than enough.

Beam recovery is not a critical feature, it’s a way to relax other beam management algorithms.
	2-31 is Optional with UE capability signaling

	
	2-32
	Basic CSI feedback
	1. Type I single panel codebook based PMI (further discuss which mode or both to be supported as mandatory) 
2. 2Tx codebook for FR1 and FR2 
3. 4Tx codebook for FR1
4. 8Tx codebook for FR1 when configured as wideband CSI report
5. p-CSI on PUCCH formats over 1 – 2 OFDM symbols once per slot (or piggybacked on a PUSCH)
6. p-CSI report on PUCCH formats over 4 – 14 OFDM symbols once per slot (or piggybacked on a PUSCH)
7. a-CSI on PUSCH (at least Z value >= 14 symbols, detail processing time to be discussed separately) 
further check a-CSI on p-CSI-RS and/or SP-CSI-RS from component-7
	
	Yes
	
	N.A.
	N.A.
	N.A.
	
	
	
	
	Mandatory without UE capability
	
	

	
	2-32a
	Semi-persistent CSI report on PUCCH
	1. Support report on PUCCH formats over 1 – 2 OFDM symbols once per slot(or piggybacked on a PUSCH)
2. Support report on PUCCH formats over 4 – 14 OFDM symbols once per slot (or piggybacked on a PUSCH)
	
	Yes
	SP-CSI on PUCCH is not supported
	Type 4
	No
	No
	
	
	
	RAN1
	Optional
	
	

	
	2-32b
	Semi-persistent CSI report on PUSCH
	1. Support report on PUSCH 
	
	Yes
	SP-CSI on PUSCH is not supported
	Type 4
	No
	No
	
	
	
	RAN1
	Optional
	
	

	
	2-33
	CSI-RS and CSI-IM reception for CSI feedback
	
1. Supported max # of configured NZP-CSI-RS resources per CC, 
2. Supported max # of ports across all configured NZP-CSI-RS resources per CC
3. Supported max # of configured CSI-IM resources per CC

	2-32
	Yes
	CSI acquisition is not supported
	Type 3
	N.A.
	N.A.
	
	
	Note: all the candidate values are the range of capability signaling which doesn’t determine whether UE is mandatory to support all the signaling values. 

	
	Component-1 candidate values: {from 1 to 32} 

Component-2 candidate values: , further down-select between: Alt.1: {from 4 to 64}, Alt.2: {from 4 to 256}, Alt.3: {from 4 to 256}

Component-3: candidate values: {1,2,4,8,16,32}


	
Component 2: seems to make more sense if it is defined per slot.

Component 4 does not seem necessary to specify.

See Note
	Mandatory with capability signaling.

Component 1: Min. value is 32

Component 2: Min value is 48

Component 3: Min value is 8.

	
	2-33a
	PDSCH RE-mapping
Note: this FG will be moved to 5-x family
	1. Supported max # of RE mapping patterns, each pattern can be described as a  RS resource (including NZP/ZP CSI-RS and CRS) or a bitmap configured in 5-26/27 per OFDM symbol and per CC 

	
	Yes
	PDSCH RE mapping is not supported
	Type 4
	No need
	Yes
	
	
	
	
	candidate values: {X, 20} for FR1
{X, 20} for FR2
RAN will further determine the value of X (less than 20)
	
	

	
	2-34
	NZP-CSI-RS  based interference measurement
	1. Support NZP-CSI-RS based interference measurement  
	2-33
	Yes
	NZP-CSI-RS based interference measurement is not supported
	Type 4
	No need
	No need
	
	
	
	
	
	
	Optional with UE capability signaling

	
	2-35
	CSI report framework 

	1. Maximum number of periodic CSI report setting per BWP
2. Maximum number of aperiodic CSI report setting per BWP 
3. Maximum number of semi-persistent CSI report setting per BWP
4. Minimum duration Zk,l (in symbols)for processing a CSI, k is level of CSI latency class, i is the index of SCS, i=1,2,3,4 corresponding to 15,30,60,120 kHz SCS. 
5. UE can process X CSI report(s) simultaneously. CSI reports can be P/SP/A CSI and any latency class and codebook type. 

FFS: whether X should also count the SRS precoder derivation in case of reciprocity based SRS Tx

	2-34
	Yes
	CSI report is not supported
	Type 3
	N.A.
	N.A.
	
	Forward compatibility related
	
	
	Component-1 candidate values: {1, 2, 3, 4}

Component-2 candidate values {1, 2, 3, 4}

Component-3 candidate values: {0, 1, 2, 3, 4}
Component-4: candidate value Zk,l: FFS
Component-5:
FFS: candidate values: {from 5 to 32}

	The number of CSI report settings does not drive complexity significantly, while the number of CSI reports does.

See Note
	Mandatory with capability signaling.

Components 1-3: Min value is 4.

Component 5: Min value is 1
 

	
	2-36
	Type I single panel codebook 
	1. A list of supported combinations, each combination is {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} across all CCs simultaneously. Note: the above list doesn’t differentiate the latency class and feedback type.

2. Supported Codebook Mode(s)

	2-35
	Yes
	No additional Type I codebook configurations other than the basic CSI feedback (2-32) is supported
	Type 3
	No need
	
	
	
	Note: simultaneously doesn’t mean in the same slot
	
	Component-1: The candidate values for the max # of Tx port in one resource is 
{4, 8, 12, 16, 24, 32}
The candidate value set of the max # of resources is:
{from 1 to 64}
The candidate value set of total # of ports is:
{from 2 to 256}

Component-2 candidate values: 
{Mode-1, Mode-2}
Down-select: 
Alt.1 Mode-1 as mandatory
Alt.2: Both Mode-1 and Mode-2 are mandatory (in this case, this component is not needed)

	Optional. 
	Component 1: Min value for max # TX ports in one resource is 32.  Min value for # of resources is 32.  Min value for total # ports is 128.

Component 2: Mode-2 is optional.



	
	2-37
	Support Semi-open loop CSI
	1. Support Semi-open loop CSI report
	2-35
	Yes
	Semi-Open loop CSI report is not supported
	Type 4
	No need
	Yes
	
	
	
	
	FFS

	
	Optional with UE capability signaling

	
	2-38
	CSI report without PMI
	Support CSI report without PMI
	2-35
	Yes
	CSI report without PMI is not supported
	Type 4
	No need
	Yes
	
	Forward compatibility related
	
	
	FFS 

	Provides low complexity CSI in TDD systems.

Mandatory, at least for CSI-RS resources of up to 8 ports.

	Mandatory with UE capability signaling

	
	2-39
	CSI report with CRI
	Support CSI report with CRI
	2-35
	Yes
	CSI report with CRI is not supported
	Type 4
	No need
	Yes
	
	Forward compatibility related
	
	
	FFS 

	
	Mandatory with UE capability signaling

	
	2-39a
	CSI report without CQI
	Support CSI report without CQI
	2-35
	Yes
	CSI report wihout CQI is not supported
	Type 4
	No need
	Yes
	
	
	
	
	FFS 
	
	Optional with UE capability signaling

	
	 2-40
	Type I multi-panel codebook

	1. A list of supported combinations, each combination is {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} across all CCs simultaneously. Note: the above list doesn’t differentiate the latency class and feedback type.
2. Supported Codebook Mode(s): 
3. Supported number of panels, Ng, 
	2-35
	Yes
	multi-panel Type I codebook is not supported
	Type 3
	N.A.
	N.A.
	
	Forward compatibility related
	Note: simultaneously doesn’t mean in the same slot
	
	Component-1 candidate values {4, 8, 12, 16, 24, 32}
Component-2 candidate values: Component-2 candidate values: 
{Mode-1, Mode-2}
Down-select: 
Alt.1 Mode-1 as mandatory
Alt.2: Both Mode-1 and Mode-2 are mandatory

Component-3:
Candidate value: {2,4} 


	Optional.
	2-40 is optional.  
Within 2-40,  Mode-2 can be optional.

	
	2-41
	Type II codebook 
	1. A list of supported combinations, each combination is {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} across all CCs simultaneously. Note: the above list doesn’t differentiate the latency class and feedback type.
2. Parameter “Lx” (number of beams) in codebook generation, where x is index of Tx ports, corresponding to 4,8,12,16,24 and 32 ports. 
3. Support amplitude scaling type 
4. Support amplitude subset restriction level
	2-35
	Yes
	Type II codebook is not supported
	Type 3
	N.A.
	N.A.
	
	Forward compatibility related
	Note: simultaneously doesn’t mean in the same slot
	
	Component-1 , candidate values {4, 8, 12, 16, 24, 32}
Component-2, candidate values {2,3,4}
Component-3, candidate values set: {wideband, wideband/subband}
Component-4, candidate value set: {no restriction, subset restriction}, “no restriction” is mandatory and RAN1 hasn’t decide whether “subset restriction” is mandatory or not, if it’s mandatory then this component is not needed. 
	
See Note

Regarding component 4, the capability should not be removed.

	Mandatory with UE capability signaling, at least for L=2 beams (Component-2) and Wideband amplitude scaling (Component-3).

Capability 4 is as currently defined.

	
	2-42
	Support Type II SP-CSI feedback on long PUCCH
	1.Support type II SP-CSI feedback part-1 on PUCCH formats over 4 – 14 OFDM symbols once per slot
	2-41
	Yes
	Type II SP-CSI feedback on long PUCCH is not supported
	Type 4
	No need
	No need
	
	
	
	
	Optional?


	Optional.

See Note
	Optional with UE capability signaling

	
	2-43
	Type II codebook with port selection

	1. A list of supported combinations, each combination is {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} across all CCs simultaneously. Note: the above list doesn’t differentiate the latency class and feedback type.
2. Parameter “Lx” (number of selected ports) in codebook generation, where x is index of Tx ports, corresponding to 4,8,12,16,24 and 32 ports. 
3. Support amplitude scaling type 

	
	Yes
	Type II codebook with port selection is not supported
	Type 3
	N.A.
	N.A.
	
	
	Note: simultaneously doesn’t mean in the same slot
	
	Component-1 , candidate values {4, 8, 12, 16, 24, 32}
Component-2, candidate values set for “Lx” is {2,3,4}
Component-3, candidate values set: {wideband, wideband/subband}


	Optional.

See Note
	2-43 is Optional with UE capability signaling

	
	2-44
	Basic DL PTRS
	Support 1 port of PTRS
	
	Yes
	DL PTRS is not supported
	Type 4
	N.A.
	Yes
	
	Forward compatibility related for FR2
	
	
	Mandatory with UE capability signaling for FR2
Optional for FR1
	We are fine with RAN1 proposal here.
	

	
	2-45
	Downlink 2Tx PTRS
	1. Supported 2 ports of PTRS
	 2-44
	Yes
	2 ports of PTRS is not supported
	Type 1
	N.A.
	N.A
	
	
	
	
	Optional
	Optional, as multi-TRP is not supported for Rel-15

	Optional with UE capability signaling

	
	2-46
	Downlink PTRS density recommendation
	1. Preferred threshold sets, TSi for determine PTRS density, candidate value range is the same as that of downlink PTRS RRC configuration. 
i is the index of SCS, i=1,2,3,4 corresponding to 15,30,60,120 kHz SCS.


	2-44
	Yes
	Threshold recommendation is not supported
	Type 1
	N.A.
	N.A.
	
	
	
	
	Optional
FFS on the candidate value set for threshold set TSi

	
	

	
	2-47
	Basic UL PTRS
	Support 1 port of PTRS 
	
	Yes
	DL PTRS is not supported
	Type 4
	N.A.
	Yes
	
	Forward compatibility related for FR2
	
	
	Mandatory with UE capability signaling for FR2
FFS for FR1
	We are fine with RAN1 proposal here, and this can be optional for FR1.
	Optional with UE capability signaling

	
	2-48
	Uplink PTRS
	1. Supported 2 ports of PTRS
	2-47
	Yes
	Uplink PTRS is not supported
	Type 1
	N.A.
	N.A.
	
	
	
	
	Optional

	Optional, only beneficial for multi-panel UE
	Optional with UE capability signaling

	
	2-49
	Uplink PTRS density recommendation
	1. Preferred threshold sets, TSi , for determine PTRS density, candidate value range is the same as that of uplink PTRS RRC configuration.
i is the index of SCS, i=1,2,3,4 corresponding to 15,30,60,120 kHz SCS. 
	2-47
	Yes
	Threshold recommendation is not supported
	Type 1
	N.A.
	N.A.
	
	
	
	
	Optional
FFS on the candidate value set for threshold set TSi

	
	

	
	2-50
	Basic TRS
	1. Support of TRS (mandatory)
2. {20, 40, 80} ms periodicity are supported. 
3. TRS BW: (2-51.1)
4. TRS burst length: (2-51.2)
5. Max # of TRS resource sets (per CC) UE is able to track simultaneously (2-51.3): 
6. Max # of TRS resource sets configured to UE per CC: (2-51.4)
7. Max # of TRS resource sets configured to UE across CCs(2-51.5)
	
	
	
	N.A.
	N.A.
	Yes
	
	
	
	
	

Mandatory without UE capability signaling
	Basic values were moved from row 51, since row 50 needs to assume some values.

Component 6 needs to be at least 24 as a typical system may use 24 SSB beams and thus one TRS per SSB beam as TRS must be sent in same beam as the SSB due to the QCL relation

Hence, the number for Component 7 must also be increased.
	Use updated definition of components 2-50.

Set values as:
Component 3. BWP or min(52,BWP), i.e. all supports configurations

Component 4. 2 for FR1; {1,2} for FR2. 

Component 5. Same as component 1 of feature group 2-4, component 1 (number of activated TCI states). 

Component 6.: 2 for FR1; 24 for FR2

Component 7: 16 for FR1; 128 for FR2


	
	2-51
	TRS
(CSI-RS for tracking)
	1. Support TRS BW
2. Support additional TRS periodicity for high speed UEs 
3. Max # of TRS resource sets (per CC) UE is able to track simultaneously
4. Max # of TRS resource sets configured to UE per CC
5. Max # of TRS resource sets configured to UE across CCs


	 2-50
	Yes
	TRS is not supported
	Type 1
	N.A.
	N.A.
	
	
	
	
	Component-1: 
candidate values set: {BWP, min(50,BWP), both}
Component-2:
candidate values {1,2}
Component-3: Candidate value set: {1 to 8}
Component-4: Candidate value set: {1 to 64}
Component-5: Candidate value set: {1 to 128}

	Component 1 should be removed, all UE must support all BWs for BWP for it to be possible to share TRS among UEs.
Component 2 adds support for 10 ms periodicity for the high speed train scenario.
Component 3 allows for enhanced beam tracking for FR2 and enhanced CoMP for FR1
	Update component 2 definitionas shown.

Set candidate values for components as:

Component-1: 
remove

Component 2: 10ms

Component-3: 4 for FR1,  8 for FR2 

Component-4: 8 for FR1; 64 for FR2

Component-5: Candidate value set: {17 to 128} for FR1; {33 to 128} for FR2





	
	2-52
	Basic SRS
	1. Support 1 port SRS transmission
2. Support periodic/aperiodic SRS transmission
3. Support SRS Frequency intra/inter-slot hopping within BWP
4. At least one SRS resource per CC for aperiodic and periodic separately
	
	
	
	
	
	
	
	
	
	
	Mandatory without UE capability
	
	

	
	2-53
	SRS resources
	1. Maximum number of aperiodic SRS resources (configured to UE) per BWP 
2. Maximum number of aperiodic SRS resources (configured to UE) per BWP per slot
3. Maximum number of periodic SRS resources (configured to UE) per BWP
4. Maximum number of periodic SRS resources (configured to UE) per BWP per slot
5. Maximum number of semi-persistent SRS resources (configured to UE) per BWP
6. Maximum number of semi-persistent SRS resources (configured to UE) per BWP per slot
7. Maximum number of SRS port per resource 

	 2-52
	Yes
	No more than one periodic and one aperiodic SRS resources per CC are supported and no SP-SRS is supported
	Type 3
	N.A.
	N.A.
	
	Forward compatibility related
	
	
	Component-1: candidate value: {from 1 , 2, 4, 8, 16} 

Component-2 candidate value: {1,2,3,4,5,6}

Component-3: candidate value: {from 1 , 2, 4, 8, 16}

Component-4 candidate value: {1,2,3,4,5, 6}

Component-5: candidate value: {from 0, 1 , 2, 4, 8, 16} } 

Component-6 candidate value: {0,1, 2,3,4,5, 6}

Component-7 candidate values: {1, 2, 4}

	See Note
	Mandatory with UE capability signaling.

Components 1-4: Min value is 2

Components 5-6: Min value is 0

Component 7: Min value is 1




	
	2-54
	SRS transmission
	1. Minimum time interval, N in unit of symbols, between DCI triggering and A-SRS transmission, 

	2-53
	Yes
	
	Type 1
	No need
	N.A.
	
	Forward compatibility related
	Note: there is a minimal timing (42 symbols) between A-CSI-RS reception and updating of A-SRS precoding 

	
	candidate value range is the same as that of N2 plus 42. 


	See Note
	Mandatory with UE capability signaling

	
	2-54a
	Simultaneous SRS Tx
	1. Maximum number of simultaneous transmitted SRS resources per CC at one symbol,
FFS whether to break this FG into different SRS purposes
	
	Yes
	Only one SRS resource can be transmitted at a given time
	Type 1
	No need
	N.A.
	
	
	
	
	Candidate Value Set: 
{1, 2, 3, 4}
	Note: Added a missing feature number 2-54a
	Optional with UE capability signaling

	
	2-55
	SRS Tx switch
	1. Support SRS Tx port switch, 
2. Report whether the uplink TX switching impact to downlink receiving in a band, 
	2-53
	Yes
	SRS Tx Switch is not supported
	Type 3
	N.A.
	N.A.
	
	
	Component-2 is agreed with conditioned to RAN4’s decision.—
	RAN1/4
	Component-1 is a list of TRx  pairs, candidates are {1T2R, 1T4R, 2T4R, 1T4R/2T4R}
Component-2: Candidate value set:, {yes, no},


	Optional, although 1T2R and 2T4R are desirable
	2-55 is Optional with UE capability signaling

	
	2-56
	SRS carrier switch
	1. Report inter-cell switching time capability
	2-53
	Yes
	SRS carrier switch is not supported
	Type 1
	No need
	N.A. 
	
	
	
	RAN1/4
	candidate values set is up to RAN4


	Optional..
	2-56 is Optional with UE capability signaling

	
	2-57
	Support low latency CSI feedback
	Support low latency CSI feedback 
	
	Yes
	Low latency CSI is not supported
	Type 3
	N.A. 
	N.A. 
	
	
	
	RAN1
	Optional

	
	2-56 is Optional with UE capability signaling



Comments on various features:
[bookmark: note2dash3]2-3: 
· The value 1 should be removed since it is supported under 2-1, the basic capability.
· LTE supports at least 2 layers, so 2 layers is a minimum here. We also have the agreement rom last RAN that 4 RX will only be in certain bands, so 4 layers as a minimum does not seem feasible.  
[bookmark: note2dash7_etc]
2-4: 
· For reference, LTE supports at 4 PQI states. For beam management in NR, more than 4 TCI states is warranted due to the possibility for a large number of gNB Tx beams. With too few active TCI states, frequent MAC-CE signaling will be needed for beam switches, removing the benefit of having responsive TCI signaling in DCI.
  
2-7, 2-8, 2-18, 2-18a:
· In case some UEs don’t support this while others do, it will be difficult to use MU-MIMO in the network in the future due to fragmented capabilities. Hence, preferable if this is mandatory for all UEs from NR day 1.
[bookmark: note2dash10_etc]
2-10, 2-17:
· In case some UEs don’t support Type 2 while others do, it will be difficult to use MU-MIMO in the network with a large number of co-scheduled UEs in the future due to fragmented capabilities. Hence, preferable if this is mandatory for all UEs from NR day 1.
· At least some level of beam correspondence will be needed anyway for the UE to transmit PRACH and msg3. The better the beam correspondence, the better the coverage of msg1,msg3. It should be a UE vendor’s interest to make this as good as possible.
· SRS-based UL beam management can be seen as an optimization. It could make up for a sloppy UE implementation, but with a heavy cost on UL overhead that can affect the network performance as a whole. However, as we discussed with Nokia some time ago, a UE should not attempt to use narrow Tx beams on the UL and then use UL beam management “as a crutch” to try to extend its capability beyond what it is capable of for initial access. If the UE implementation is sloppy, it should only user wider Tx beams.
[bookmark: note2dash24]
2-20:
· We note that at least some level of beam correspondence will be needed anyway for the UE to transmit PRACH and msg3. The better the beam correspondence, the better the coverage of msg1 and msg3. For superior network and user performance, mandatory support for as as high degree of beam correspondence as possible is highly desirable. With this observation, SRS-based UL beam management can be seen as an optimization, that also comes with a cost on UL air interface overhead. Use of narrow beams in the UL beyond what a UE is capable of for initial access is not efficient.

2-24:
· MB_1 =8 is far too few.  gNBs may transmit many CSI-RSs in one slot across multiple CCs. With 8 CSI-RS, it’s not even possible to cover current beam+closest neighbors; that requires 9 CSI-RS.   Absolute RSRP requirements will be less stringent than the relative ones, so we would not like to split the report over several slots.
[bookmark: note2dash26]
2-26:
· Support for repetition = “ON” (i.e., P3 procedure) does not need to be mandatory since some UEs may have omni receive antennas.
· Component 1 may not need to be a separate UE capability. Support for repetition = “ON” can be indicated by setting the number of Rx beams > 0.
[bookmark: note2dash27]
[bookmark: note2dash33]
2-33:
· This capability is for memory budgeting in the UE, mandatory values should be on the large end as this does not impact UE complexity.  Also there are many uses for CSI-RS, e.g. for TRS. P2 beam sweeping, P3 beam sweeping, RLM, L3 mobility, CSI…   So at least 32 should be mandatory for component 1.
· 32 ports is needed for MU-MIMO in FDD and for TDD bands/carriers where reciprocity cannot be utilized or is utilized poorly due to partial channel issue 
[bookmark: note2dash35]
2-35:
· For components 1-3, 4 CSI report settings should be mandatory at least for aperiodic reports (Component 2). The motivation that it is mere configuration and does not impact UE complexity. The UE complexity is instead given by the number of reports the UE can simultaneously calculate (Component 5)
[bookmark: note2dash39]
2-39:
· To support beam management plus CSI reporting, at least 3 Periodic and 3 Aperiodic reporting settings mandatory. To reduce UE computation load, component 5 can be at the minimum 1.
[bookmark: note2dash41]
2-41:
· We’d like at least a simple Type II codebook configuration of say L=2 beams and WB amplitude scaling to be mandatory, as this will significantly increase the “MU-MIMO coverage” and enable us to get good CSI outside of the reciprocity coverage area. For this simple configuration, the codebook search complexity is not substantially larger than for Type I CSI. Regarding component 4, the capability should not be removed.
[bookmark: note2dash42]
2-42:
· This can be optional as Part 1 of Type II CSI on long PUCCH can be seen as a minor optimization to something that can be solved by clever gNB implementation
[bookmark: note2dash43]
2-43:
· This can also be optional as this is a variation of the regular Type II CSI with limited additional benefit on top of the regular Type II CSI.
[bookmark: note2dash53]
2-53:
· For codebook-based operation, 1 SRS resource in each of components 1-3 should be sufficient. For PUSCH antenna selection, 2-4 SRS resources would be beneficial.  
· For SRS antenna switching, we view 1T2R and 2T4R as beneficial – both require 2 SRS resources per slot.
· If it is not a burden on UE complexity, 2-4 SRS resources per slot should be supported by UEs that support PUSCH antenna selection.
· For components 5 and 6, this does not need to be mandatory – periodic and aperiodic should be prioritized.
· For component 7, that can match the number of UL MIMO layers supported.
[bookmark: note2dash54]
2-54:
· Mandatory because some value is needed for aperiodic SRS transmission.  We would like this value as small as possible. 


