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This contribution presents our proposals and comments for the MIMO and RS part of the NR 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
	Note
	Responsible WG
	RAN WG recommendation
	TSG-RAN decision
	Ericsson comments

	2. MIMO
	2 -1
	Basic PDSCH reception
note: for both slot based and non-slot based
	1. Data RE mapping
2. Single layer transmission
	 
	
	
	 
	
	
	
	
	
	Mandatory without capability signaling
	
	

	
	2-2
	PDSCH beam switching
	1. Time duration (definition follows section 5.1.5 in TS 38.214) 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)
	2-1
	
	
	Type-3 
	
	
	
	
	
	Only apply to FR2 
Possible candidate values: [14, 28] or [12, 26] depending on how to count the starting symbols
Note: if only one value is selected, then no capability is needed. 

	
	Support 14 symbols. Also 0 symbols should be a possible value.

	
	2-3
	PDSCH MIMO layers
	1. Maximal number of MIMO layers, candidate values: [1,2,4,8] 
	2-1
	
	
	Type 3
	
	
	
	
	
	
	
	The value 1 should be removed since it is supported under 2-1, the basic capability  

	[bookmark: _Hlk506537951]
	2-4
	TCI states for PDSCH
	1. Support number of active TCI states per CC 
2. maximum number of configured TCI states, 
	2-1
	
	
	Type 1 
	
	Yes
	
	
	
	Candidate values for Component-1: : [1, 2, 4, 8 ]
candidate values for Component-2: [4, 8, 16, 32, 64]
	
	


Component 1: At least 2 active TCI states should be supported.

Component 2: Does not 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.


	
	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
	
	
	
	
	
	
	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

	
	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 
	
	
	
	
	
	
	
	conditioned to whether PDSCH scheduling type B is supported
	
	Mandatory without UE capability (condition to scheduling capability)
	
	

	
	2-6
	Support 1+2 DMRS 
	1. Support 1 symbol FL DMRS and 2 additional DMRS symbols for more than one port
	2-5
	
	
	Type 4
	
	
	
	
	
	Mandatory with UE capability signaling
	
	

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

	2-5
	
	
	Type 4
	
	
	
	
	
	Further decide whether 2-7 and 2-8 can be jointly signaled. 

	
	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 2-7 is mandatory for all UEs from NR day 1. 

	
	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
	
	
	Type 4
	
	
	
	
	
	
	
	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 2-8 is mandatory for all UEs from NR day 1.

	
	2-9
	Support 1+3 DMRS symbols(downlink)
	1. Support 1 symbol FL DMRS and 3 additional DMRS symbols
	2-5
	
	
	Type 4
	
	
	
	
	
	
	
	This is a special configuration used in special scenarios, not necessary to be mandatory

	
	 2-10
	 Support DMRS type (downlink)
	Support DMRS [type 1, type 2 ]
	 
	
	
	Type 4 
	
	
	
	
	
	 At least one of the type is mandatory
	
	Type 1 should be removed here as it is by default supported (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 2-10 is mandatory for all UEs from NR day 1.

	
	2-11
	Downlink PRB bundling (downlink)
	1. Support dynamic PRB bundling indication via DCI
2. Support of semi-static PRB bundling--mandatory 
	2-1
	
	
	Type 4
	
	
	
	
	
	
	
	Not necessary to be mandatory

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

	
	2-13
	PUSCH transmission coherence
	1. Transmission coherence
	2-12
	
	
	Type 1
	
	
	
	
	
	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
	
	
	Type 3
	
	
	
	
	
	At least 1 layer is mandatory.
Candidate value: [2, 4]
	
	>1 layer should be optional

	
	2-15
	non-codebook based PUSCH transmission
	1. Maximal number of supported layers (non-reciprocity based non-codebook transmission scheme): 
[FFS: whether the above apply for “reciprocity based”]
	2-12
	
	
	Type 3
	
	
	
	
	
	Component-1 candidate values: [1, 2, 4]
	
	Optional

	
	2-15a
	Reciprocity based PUSCH transmission 
	Support reciprocity based PUSCH precoding 
	2-12
	
	
	Type 1
	
	
	
	
	
	Optional
	
	Optional
Suggest the feature be called ‘Support configuration of SRS-AssocCSIRS’

	
	2-16
	Basic DMRS (uplink)
Note: for both slot based and non-slot based  
	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 
	
	
	
	
	
	
	
	
	
	Mandatory without UE capability 
	
	Component 3 is Type 1 DMRS as it is used prior to RRC

	
	2-17
	 Support DMRS type (uplink)
	Support DMRS [type 1, type 2 ]
	 2-16
	
	
	Type 4
	
	
	
	
	
	At least one of the type is mandatory. RAN1 will further discuss which type or both types are mandatory
	
	Type 1 should be removed here as it is by default supported (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 2-17 is mandatory for all UEs from NR day 1.

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

	2-16
	
	
	Type 4
	
	
	
	
	
	Further decide whether component-1 and 2 will be separate FG or not.
	
	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 2-18 is mandatory for all UEs from NR day 1.

	
	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
	
	
	
	
	
	
	
	
	Further decide whether 2-18 and 2-18a can be jointly signaled 
	
	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 2-18a is mandatory for all UEs from NR day 1.

	
	2-19
	Support 1+3 uplink DMRS symbols(uplink)
	1. Support 1 symbol FL DMRS and 3 additional DMRS symbols
	2-16
	
	
	Type 4
	
	
	
	
	
	
	
	High speed case scenario, optional

	
	2-20
	Beam correspondence
	1. Support Beam correspondence 
	 
	
	
	Type 1
	
	Yes
	
	
	
	Mandatory at least for FR2
	
	Should be mandatory

	
	2-21
	Periodic beam management report
	1. Support report on Short-PUCCH
2. Support report on Long-PUCCH
	
	
	
	Type 1
	
	Yes
	
	
	
	Mandatory at least for FR2
	
	Agree with RAN WG recommendation (Mandatory at least for FR2)

	
	2-22
	Aperiodic beam management report
	1. Support report on PUSCH
	
	
	
	Type 1
	
	Yes
	
	
	
	Mandatory at least for FR2
	
	Agree with RAN WG recommendation (Mandatory at least for FR2)

	
	2-23
	Semi-persistent beam management report
	1. Support report on S-PUCCH
2. Support report on L-PUCCH
	
	
	
	Type 1
	
	Yes
	
	
	
	Optional
	
	Agree with RAN WG recommendation (Optional)

	
	2-24
	SSB/CSI-RS for beam measurement 
	1. The max number of SSB/CSI-RS (1Tx) resources (sum of aperiodic/periodic/semi-persistent) 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) to measure L1-RSRP within a slot shall not exceed MB_2 

3. Supported density of CSI-RS [1 only, 3 only, both 1 and 3]
	2-21, 2-22 or 2-23
	
	
	Type 1
	
	Yes
	
	
	
	Support MB_1 =8 16 SSB/CSI-RS resources is mandatory for at least for >6Ghz bands

Support MB_2 =8 16 SSB/CSI-RS resources is mandatory for at least for >6Ghz bands


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. 

Support 16 for both components 1 and 2.


	
	2-25
	Beam reporting timing
	1. The number of symbols between the last symbol of SSB/CSI-RS and the first symbol of the transmission channel containing beam report is at least RB
Further discussion on the unit of RB (in absolute time or number of symbols using data numerology)
	2-24
	
	
	
	
	Yes
	
	
	
	Alt 1: [14,28,42 (symbols)]  --- 28 is mandatory at least for > 6GHz
Alt2: Same as minimum CSI acquisition time? (Z1,Z2,Z3,Z4) for different SCS. 
	
	Should be aligned with CSI reporting timing.

	
	2-26
	Receiving beam selection 
	1. Support Rx beam switching procedure using CSI-RS resource repetition "ON" 
2. Support number of Rx beams: [1, 2, 3, 4, 5, 6, 7, 8]

	
	
	
	Type 1
	
	Yes
	
	
	
	Support Rx beam switching is mandatory for bands at least > 6GHz
	
	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.
 

	
	2-27
	Beam switching
	1. Maximum number of Tx + Rx  beam changes a UE can conduct during a slot across the whole band CC . 

	2-24
	
	
	Type 1
	
	Yes
	
	
	
	Several possible candidate values [4, 7, 14] for further discussion
If only one value is selected, this FG is not needed
	
	Not clear why the UE capability needs to be a combination of Tx + Rx beam changes, rather than just Rx beam changes.

	
	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 KB symbols. (Symbols measured from last symbol containing the indication to first symbol of CSI-RS). 
Further discussion on the unit of KB (in absolute time or number of symbols using data numerology)
	2-27
	
	
	Type1
	
	Yes
	
	
	
	Candidate values [14, 26, 28, 42] 
	
	Should be aligned with PDSCH beam switching time (see 2-2 above).

Prefer 14.
0 should be one option. Should be given in units of symbols.

	
	2-29
	Beam group reporting
	1 support of beam group RSRP reporting for group of 2 beams 
	2-24
	
	
	
	
	Yes
	
	
	
	
	
	Optional.

	
	2-30
	Uplink beam management
	1 Support of SRS based beam management and SRI indication for uplink 
	
	
	
	
	
	Yes
	
	
	
	
	
	Optional.

	
	2-31
	Beam failure recovery
	1. Maximal number of CSI-RS resources configured for monitoring PDCCH quality  

2. Maximal number of different SSBs for monitoring PDCCH quality  

	 
	
	
	Type 1
	
	Yes
	
	
	
	Component-1 candidate: [from 1 to 8] 
Component-2 candidate: [from 1 to 8] 

At least 4 CSI-RS and 4 SSBs are mandatory for FR2
	
	4+4 should be more than enough.

	
	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 Short-PUCCH
6. p-CSI on Long-PUCCH
7. a-CSI on PUSCH (at least Z value >= 14 symbols, detail processing time to be discussed separately) 
	
	
	
	
	
	
	
	
	
	Mandatory without UE capability
	
	Use PUCCH format numbers instead of e.g. “Long PUCCH”

	
	2-33
	CSI-RS and CSI-IM reception for CSI feedback
	
1. Supported max # of NZP-CSI-RS resources per CC, 
2. Supported max # of ports across all NZP-CSI-RS resources per CC per slot
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. 
3. Supported max # of CSI-IM resources
4. Supported max # of resource, including NZP-CSI-RS, ZP-CSI-RS and CSI-IM, per OFDM symbol 

	2-32
	
	
	Type 3
	
	
	
	
	
	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]. 
	
	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

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

Component 4 does not seem necessary to specify.

	
	2-34
	NZP-CSI-RS  based interference measurement
	1. Support NZP-CSI-RS based interference measurement  
	2-33
	
	
	Type 4
	
	
	
	
	
	
	
	Can be optional

	
	2-35
	CSI report framework 

	1. Maximum number of periodic CSI report setting per CC
2. Maximum number of aperiodic CSI report setting per CC
3. Maximum number of semi-persistent CSI report setting per CC
4. Minimum duration Zk,l (in symbols)for processing a CSI, k is level of CSI latency class, l is the index of SCS, l=1,2,3,4 corresponding to 15,30,60,120 kHz SCS. 
5. UE can process X CSI report(s) simultaneously. 
(FFS if X needs to be defined as per latency class or per codebook type or neither) 
FFS: candidate values: [from 5 to 32]
FFS: whether X applies to A-CSI only or all CSI types

	2-34
	
	
	Type 1
	
	
	
	
	
	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

	
	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.

	
	2-36
	Type I single panel codebook 
	1. Max # of Tx ports, 
FFS on whether this ports number needs to be jointly defined with # of CSI-RS resources/CSI Reports
2. Supported Codebook Mode(s)

	2-35
	
	
	Type 3
	
	
	
	
	
	Component-1 candidate values: candidate values [4, 8, 12, 16, 24, 32]
Component-2 candidate values: down-select between:
Alt.1 Mode-1 as mandatory
Alt.2: Both Mode-1 and Mode-2 are mandatory

	
	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 

Alt.1 is supported

	
	2-37
	Support Semi-open loop CSI
	1. Support Semi-open loop CSI report
	2-35
	
	
	
	
	
	
	
	
	
	
	Optional. 

	
	2-38
	CSI report without PMI
	CSI report without PMI
	2-35
	
	
	
	
	
	
	
	
	
	
	Does not increase UE complexity so should be mandatory

	
	2-39
	CSI report with CRI
	CSI report with CRI
	2-35
	
	
	
	
	
	
	
	
	
	
	Mandatory, at least for CSI-RS resources of up to 8 ports

	
	 2-40
	Type I multi-panel codebook

	1. Max # of Tx ports 
FFS on whether this ports number needs to be jointly defined with # of CSI-RS resources/CSI Reports
2. Supported Codebook Mode(s): 
3. FFS whether parameter Ng need to be signaled as capability 
	2-35
	
	
	Type 3
	
	
	
	
	
	Component-1 candidate values [4, 8, 12, 16, 24, 32]
Component-2 candidate values: down-select between: 
Alt.1 Mode-1 only as mandatory
Alt.2: Both Mode-1 and Mode-2 are mandatory
	
	Optional.

	
	2-41
	Type II codebook 
	1. Max # of Tx ports 
FFS on whether this ports number needs to be jointly defined with # of CSI-RS resources/CSI Reports
2. Parameter “Lx” (number of beams) in codebook generation, where x is index of Tx ports, corresponding to [4,8,12,16,24,32] ports. 
3. Support amplitude scaling type 
4. Support amplitude subset restriction level [no restriction, subset restriction]
5. Support bit allocation for amplitude scaling and phase [equal, unequal, both] 
FFS to have one FG or multiple FG on above components. 
	2-35
	
	
	Type 4
	
	
	
	
	
	Component-1 , candidate values [4, 8, 12, 16, 24, 32]
Component-2, candidate values FFS
Component-3, candidate values: [wideband, wideband/subband]

	
	Optional.

	
	2-42
	Support Type II periodic feedback on long PUCCH
	1.Support type II periodic feedback part-1 on long PUCCH
	2-41
	
	
	Type 4
	
	
	
	
	
	
	
	Optional.

	
	2-43
	Type II codebook with port selection

	1. Number of Tx (4, 8, 12, 16, 24, 32) with parameters (L) 
2. Support amplitude scaling type [wideband, subband]
	
	
	
	Type 4
	
	
	
	
	
	Optional
	
	Optional.

	
	2-44
	Basic DL PTRS
	Support 1 port of PTRS is mandatory at least on FR2
	
	
	
	
	
	
	
	
	
	Mandatory without UE capability signaling 
	
	

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


	
	2-46
	Downlink PTRS density recommendation
	2. Preferred threshold set for determine PTRS density, candidate value range is the same as that of downlink PTRS RRC configuration.
	2-44
	
	
	Type 1
	
	Yes
	
	
	
	
	
	

	
	2-47
	Basic UL PTRS
	Support 1 port of PTRS is mandatory at least on FR2
	
	
	
	
	
	
	
	
	
	
	
	

	
	2-48
	Uplink PTRS
	1. Supported 2 ports of PTRS
	2-47
	
	
	Type 1
	
	Yes
	
	
	
	
	
	Optional, only beneficial for multi-panel UE

	
	2-49
	Uplink PTRS density recommendation
	2. Preferred threshold set for determine PTRS density, candidate value range is the same as that of uplink PTRS RRC configuration.
	2-47
	
	
	Type 1
	
	Yes
	
	
	
	
	
	

	
	2-50
	Basic TRS
	1. Support of TRS (mandatory)
2. All the periodicity are supported. 
	
	
	
	
	
	
	
	
	
	Mandatory without UE capability signaling
	
	

	
	2-51
	TRS
(CSI-RS for tracking)
	1. Support TRS BW, candidate values: [BWP, min(50,BWP) and both]
2. TRS burst length (X), candidate values [1,2]
3. Max # of TRS resource UE is able to track simultaneously
4. Max # of TRS resources configured to UE (subject to spec support)

	 2-50
	
	
	Type 1
	
	Yes
	
	
	
	
	
	1. Desirable if both mandatory
1. Desirable if both mandatory
1. Could be tied to the number of supported active TCI states


	
	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
	
	
	
	
	
	
	
	
	
	Mandatory without UE capability
	
	

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

	 2-52
	
	
	Type 3
	
	Yes
	
	
	
	Component-1: candidate value: [from 1 to 16] 
Component-2 candidate value: [1,2,3,4,6]
Component-3: candidate value: [from 1 to 16] 
Component-4 candidate value: [1,2,3,4,6]
Component-5: candidate value: [from 1 to 16] 
Component-6 candidate value: [1,2,3,4,6]
Component-7 candidate values: [2, 4]


	
	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.

	
	2-54
	SRS transmission
	1. Minimum time interval, N in unit of symbols, between DCI triggering and A-SRS transmission, candidate value range is the same as that of N2   
Note: there is a minimal timing (42 symbols) between A-CSI-RS reception and updating of A-SRS precoding 
2. Maximum number of simultaneous transmitted SRS resources at one symbol, 
	2-53
	
	
	Type 4
	
	
	
	
	
	
	
	Component 1: Optional.

Note that this should depend on 2-53 and on 2-15a (non-codebook reciprocity based transmission).

Component 2: Optional..  However, if supported it can be equal to the maximum number of UL MIMO layers.

	
	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, candidate value [yes, no]
	2-53
	
	
	Type 3
	
	
	
	
	
	Component-1 is a list of TRx  pairs, candidates are [1T2R, 1T4R, 2T4R]
	
	Optional, although 1T2R and 2T4R are desirable

	
	2-56
	SRS carrier switch
	1. Report inter-cell switching time capability
	2-53
	
	
	Type 1
	
	
	
	
	RAN1/4
	candidate values: []
	
	Optional..



