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Introduction
In this contribution, we discuss UE capability for NR multi-antenna transmission.  We focus on capability components and how they can be structured into feature groups, building on the discussions in RAN1#90bis and captured in [1].  
Discussion
Fifteen different feature groups are identified in [1], which can be categorized according to whether they are related to multi-antenna schemes, CSI reporting, or reference signal design.  
Multi-Antenna Schemes Related
CSI Framework and Reporting Parameters
Regarding 2-3.1: non-codebook based PUSCH transmission is associated with multiple SRI transmission, the absence of TPMI/RI, and also with whether a CSI-RS is used to determine PUSCH precoding.  Multiple SRI may be used for beam management as well as codebook based operation, and may also be used for antenna selection without the need for a codebook.  Also, single port operation is also characterized by the absence of TPMI/TRI.  We suggest that this be split into two features: ‘CSI-RS based PUSCH precoding determination’, and ‘SRI only based transmission’.
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	Feature group
	Components
	Prerequisite feature groups 

	Consequences if the feature
 is not supported by the UE
	Need of FDD/TDD differentiation

	2-1
	PDSCH transmission
note: for both slot based and mini-slot based
	1. Maximal number of MIMO layers, candidate values: [2,4,8] 
2. Number of TCI states M if >4 (band dependent), [8,16]
	 
	
	

	2-3
	PUSCH transmission
	1. Support non-codebook based PUSCH
2. The number of supported layers Y, [2,4]. (note: Number of layers = number of DMRS ports)
3. Maximal number of layers for coherent MIMO transmission, from [2,4];
4. Maximal number of layers for partial/non-coherent 2Tx MIMO, from [2,4];
5. Support frequency hopping
	
	
	No need



Proposal:
· Split component 2-3.1: ‘Support non-codebook based PUSCH’ into:
· CSI-RS based PUSCH precoding determination’, and 
· ‘SRI only based transmission’.
‘
CSI Framework and Reporting Parameters
For 2-9.1, CSI computation complexity depends on both the number of ports and the number of resources.  That is, the complexity is different for e.g. K=8 resources with 4 ports vs. K=4 resources with 8 ports each vs. K=1 resource with 32 ports.  Therefore, the Rel-13 UE capability using (Nmax, Kmax) pairs seems reasonable to use for NR as well. 
For 2-9.2, having capabilities for all combinations of (N_g, N1, N2, O1, O2) for Type I Multi-Panel CSI feedback seems too fine grained, and could lead to different UEs supporting few gNB deployments. Furthermore, O1 and O2 is fixed in specification. Additionally, the multi-panel codebook search complexity is not expected to be fundamentally different form the single-panel codebook, and thus, if a UE supports the multi-panel codebook, it could support it for the same number of maximum antenna ports and CSI-RS resources as given in 2-9.1. 
For 2-10, having capabilities for all combinations of (N1, N2, O1, O2, L) for Type II CSI feedback similarly seems too fine grained.  A maximum number of portsf , and identifying the number of beams supported  and whether SubbandAmplitude=’ON’ is supported should be sufficient for the Type II codebook without port selection.  Another component for the Type II port selection codebook should be added as well.  The maximum number of ports 2-10.2 of  should also be fine for this codebook.  
Regarding the number of reporting settings, the maximum number of simultaneously calculated reporting settings is what drives UE capability in our understanding.  This can be define using a CSI reporting capability unit as discussed in [2].  Furthermore, we see no need for having a separate capability for support of aperiodic feedback on sPUCCH. Since all UEs anyway will support semi-persistent and periodic CSI feedback on sPUCCH, complexity is not increased if also supporting such feedback aperiodically. Possible complexity increase could be due to supporting short CSI reporting timing offsets, such as Y=0, but supported CSI timing offsets should be separate capability.

	#
	Feature group
	Components
	Prerequisite feature groups 

	Consequences if the feature
 is not supported by the UE
	Need of FDD/TDD differentiation

	2-9
	Type I feedback
	1. Maximal number of CSI-RS Tx ports in a CSI-RS resource if > 8
2. Multi-panel codebook with number of Tx (16, 32) with parameters (N_g, N1, N2, O1, O2) 
	2-11
	
	No need

	2-10
	Type II feedback
	1. Support type II feedback.
2. Maximal number of Tx ports 
3. Number of Tx (4, 8, 12, 16, 24, 32) with parameters (N1, N2, O1, O2, L) 
	2-11
	
	No need

	2-11
	CSI feedback framework
	1. Maximum number of periodic CSI report setting
2. Maximum number of aperiodic CSI report setting
3. Maximum number of semi-persistent CSI report setting
4. Support aperiodic feedback on sPUCCH
	
	
	No need



Proposals:
· Update components 2-9 and 2-10 as follows
· Define 2-11 CSI in terms of a CSI reporting capability unit, such that it reflects the maximum number of simultaneously calculated CSI reports (as discussed in [2]).
· Define a capability in supported CSI timing offsets for aperiodic reports rather than which physical channel carry the report.

	#
	Feature group
	Components
	Prerequisite feature groups 

	Consequences if the feature
 is not supported by the UE
	Need of FDD/TDD differentiation

	2-9
	Type I feedback
	1. Maximal number of CSI-RS resources and CSI-RS ports in a CSI-RS resource
2.  Support multi-panel codebook 
	2-11
	
	No need

	2-10
	Type II feedback
	1. Support type II feedback.
2. Maximal number of Tx ports (4, 8, 12, 16, 24, 32) with parameters L (2,3,4), SubbandAmplitude=(‘On’, ‘Off’)
3. Type II port selection codebook 
	2-11
	
	No need





Beam Management
	#
	Feature group
	Components
	Prerequisite feature groups 

	Consequences if the feature
 is not supported by the UE
	Need of FDD/TDD differentiation

	2-5
	Beam management
	1. Maximum Number of CSI-RS resources (1Tx), >16. (Band dependent)
2. Support Rx beam switching procedure (P3) using CSI-RS resource repetition "ON"
3. Support Beam correspondence at UE
	
	
	No need

	2-6
	Beam failure Recovery
	1. Maximal number of SSB or CSI-RS resources configured for monitoring PDCCH quality [2, 4,8?]
2. Maximal number of SSB or CSI-RS resources for identifying new beams. 
3. Support using PUCCH for SSB/CSI-RS based RSRP feedback
	
	
	No need



Comments:
· 2-5.1: Since the 2-port CSI-RS resource for beam management and CSI acquisition are identical, it does not seem logical to put a limitation on the number of CSI-RS resources for beam management. Instead, we focus on the reporting quantity, which should be more related to UE complexity. It is unclear if we need different capabilities for 1-port and 2-port CSI-RS resources configured for RSRP reporting.
· 2-5.2: A more granular capability is to state the maximum number of Rx beam switches the UE is capable of during one slot. The number gives guidance to the gNB how many CSI-RS resources are relevant to have in a CSI-RS resource set used for P3. If the number is set to 0, the UE is not capable of/does not need to perform Rx beam sweeping.
· 2.6: Only CSI-RS agreed for quality monitoring. Number of SSB to monitor for new candidates does not need to be a capability: the UE is required to monitor all SSBs during initial access, and the same should apply here. There is probably no need to make PUCCH-based reporting it a capability, since any functionality we agree will be quite basic.
· Time intervals for QCL updates is a beam management capability. Moved into 2.5. Separate capabilities for DCI-based and MAC CE-based signaling.

Proposals:
· Suggest to change 2.5 and 2.6 to the following (note that 2-7 is merged to 2-5 as discussed below):
	#
	Feature group
	Components
	Prerequisite feature groups 

	Consequences if the feature
 is not supported by the UE
	Need of FDD/TDD differentiation

	2-5
	Beam management
	1. Maximum Number of CSI-RS resources (single-port), >16 (Band dependent) for RSRP measurement.
2. Maximum Number of CSI-RS resources (2-port), >8 (Band dependent) for RSRP measurement.
3. Maximum number of UE Rx beam switches during a slot
3. Support of beam correspondence at UE
4. Minimum time interval between reception of TCI in DCI and the application of the indicated spatial QCL assumption for PDSCH and ap-CSI-RS, i.e., Rx beam switch
5. Minimum time interval between reception of TCI in MAC CE and the application of the indicated spatial QCL assumption for PDCCH, i.e., Rx beam switch 
6. Maximum number of reported resources in a non-group-based beam report [2,4]
7. Maximum number of reported resources in a group-based beam report [2]
	
	
	No need

	2-6
	Beam failure Recovery
	Maximum number of CSI-RS resources configured for monitoring PDCCH quality [2, 4,8?]
	
	
	



Reference Signal Related
CSI-RS and SRS

	#
	Feature group
	Components
	Prerequisite feature groups 

	Consequences if the feature
 is not supported by the UE
	Need of FDD/TDD differentiation

	2-7
	CSI-RS for beam management
	1. Minimal time interval between for aperiodic CSI-RS transmission (between DCI triggering and A-CSI-RS transmission)
2. Maximal number of CSI-RS resources per CC for beam management, if > 16
3. Maximal number of Aperiodic CSI-RS resources per CC 
4. Maximal number of periodic CSI-RS resources per CC 
	2-5
	
	No need

	2-8
	CSI-RS for CSI feedback
	1. Maximal number of CSI-RS resources per CC for CSI acquisition, if > 2
2. Total number of CSI-RS ports per CC, if >16 (Note: need to discuss whether the total number include CSI-RS for BM)
	2-11
	
	No need

	2-14
	CSI-RS for frequency-time tracking
	Any capability needed?
	
	
	No need

	2-15
	SRS
	1. Maximal number of SRS resource 
2. Maximal number of SRS Tx ports in a SRS resource
	
	
	No need



Comments:
· 2-7: Merged into 2.5. Motivation to have separate capabilities for aperiodic/periodic is unclear. Also, the relation between total, aperiodic and periodic is unclear: is it related to reporting? Or measurements during a certain time interval?
· 2-8: The number of CSI-RS ports and resources should be considered in combination with the CSI reports.  Therefore this is merged into 2-9 above.

Proposal: Update 2-7 and 2-8 as follows:
	#
	Feature group
	Components
	Prerequisite feature groups 

	Consequences if the feature
 is not supported by the UE
	Need of FDD/TDD differentiation

	2-7
	CSI-RS for beam management
	VOID (merged with 2-5)
	
	
	

	2-8
	CSI-RS for CSI feedback
	VOID (merged with 2-9 and 2-10)
	
	
	




DMRS and PTRS
	#
	Feature group
	Components
	Prerequisite feature groups 

	Consequences if the feature
 is not supported by the UE
	Need of FDD/TDD differentiation

	2-2
	Downlink DMRS 
note: for both slot based and mini-slot based
	1. DMRS type. [type-1, type-2]. At least one DMRS type should be mandatory
2. Support 2 symbols FL DMRS and 2 additional DMRS symbols
3. Support 1 symbol FL DMRS and 2 additional DMRS symbols 
4. Support additional DMRS symbol in 7 symbols non-slot based scheduling
5. Support PRB bundling size [4, scheduled BW]
	2-1
	
	

	2-4
	Uplink DMRS 
note: for both slot based and mini-slot based
	1. DMRS type. [type-1, type-2]. At least one DMRS type should be mandatory
2. Support 2 FL DMRS symbols and 2 additional DMRS symbols (for slot based scheduling)
3. Support 1 symbol FL DMRS and 3 additional DMRS symbols 
4. Support additional DMRS symbol in 7 symbols (for non-slot based scheduling)
	2-3
	
	

	2-12
	Downlink PTRS
	1. Number of port if >1
2. Threshold set for determine PTRS density 
	
	
	No need

	2-13
	Uplink PTRS
	1. Number of port if >1 
2. Threshold set for determine PTRS density 
	
	
	No need



Comments:
· 2-2.1: DMRS type 1 is mandatory as it is used for broadcast and multi-cast. DMRS type 2 must also be mandatory in order for the feature to be useful in a network (as it is related to MU-MIMO).  
· 2-2.3: The support for 3 additional DMRS symbols is only for very high speed terminals/relays (> 350km/h) and need thus be a UE capability
· 2-2.2 and 2-4.2: A UE that support 8 layer MIMO reception must support 2 symbols FL DMRS. On the other hand, 2 FL symbols is also used for MU-MIMO, so to make MU-MIMO feature useful in networks, all UEs must support this. Hence 2 FL DMRS symbols is mandatory for both DL and UL.
· 2-2.5: It has been agreed that support for dynamic PRB bundling (1 bit in DCI) is a UE capability. 
· 2-12: The need for more than 1 DL PTRS ports is a network implementation and thus UEs must support both 1 and 2 PTRS ports in DL as mandatory feature
· 2-13: The support for 2 PTRS ports is a UE capability as it depends on UE implementation. Support for 1 PTRS port is mandatory.

Proposal: Update as follows:
	#
	Feature group
	Components
	Prerequisite feature groups 

	Consequences if the feature
 is not supported by the UE
	Need of FDD/TDD differentiation

	2-2
	Downlink DMRS 
note: for both slot based and non-slot based scheduling
	
3. Support 2 additional DMRS symbols 
3b: Support 3 additional DMRS symbols
4. Support additional DMRS symbol in 7 symbols non-slot based scheduling
5. Support PRB bundling size [4, scheduled BW]
5b, Support dynamic indication of PRB bundle size
	2-1
	
	

	2-4
	Uplink DMRS 
note: for both slot based and non-slot based scheduling
	
3. Support 1 symbol FL DMRS and 3 additional DMRS symbols 
3b: Support 3 additional DMRS symbols
4. Support additional DMRS symbol in 7 symbols (for non-slot based scheduling)
	2-3
	
	

	2-12
	Downlink PTRS
	2. Threshold set for determine PTRS density 
	
	
	No need

	2-13
	Uplink PTRS
	1. Support for 2 PTRS ports 
2. Threshold set for determine PTRS density 
	
	
	No need


Conclusion
In this contribution, we discuss UE capability for NR multi-antenna transmission, considering currently proposed capability components and how they can be structured into feature groups.   Proposals are made on how the feature groups and components can be updated.
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