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1. Introduction
In this contribution, we provide discussion on UE features for NR eMIMO based on the latest proposal in [1].
2. Discussion
2.1 Multi-beam operation
FG 16-1a-1 (L1-SINR reporting)
Unlike L1-RSRP, L1-SINR supports different CMR and IMR combinations including special case of L1-SINR measurements without dedicated IMR. It is, therefore, natural to indicate supported types of L1-SINR to provide information to gNB regarding supported measurement combinations. More specially, indication of the certain number of NZP CSI-RS resources for IMR in FG 16-1a-1 would not be sufficient to provide information whether the corresponding L1-SINR measurement is supported in combination with SSB based CMR or with NZP CSI-RS based on CMR or with both SSB and NZP CSI-RS based CMRs. The exact list of the required L1-SINR measurements types would depends on the UE capability for the number of CMR and IMR reference signals and can be decided once the corresponding components of the capability becomes clearer.
Similar to L1-RSRP, UE capability for L1-SINR should also include components limiting the maximum number of the reference signals that can be configured for the UE for CMR and IMR. More specifically, the FG 16-1a-1 should support UE capability indication for the maximum number of SSB, NZP CSI-RS and CSI-IM resources that can be configured for the UE across all CCs:
· The number of configured SS/PBCH resources for CMR
· The number of configured NZP CSI-RS resources for CMR
· The number of configured NZP CSI-RS and CSI-IM resources for IMR
From UE implementation complexity, it is important to distribute computational load for L1-SINR measurement in time. Similar to L1-RSRP, it could be achieved by including additional UE capability components within FG 16-1a-1 indicating the maximum number of CSI-RS and SSB resources that can be configured for CMR and IMR within a slot and across all CCs assuming the lowest SCS:
· The number of configured SS/PBCH resources and NZP CSI-RS resources for CMR within a slot
· The total number of configured NZP CSI-RS and CSI-IM resources for IMR within a slot
We note from the above that the interference measurements complexity using NZP CSI-RS and CSI-IM are similar from complexity perspective and the total number of NZP CSI-RS and CSI-IM resources can be provided together using one component without separate indication for NZP CSI-RS and CSI-IM. 
L1-RSRP and L1-SINR measurements can be used concurrently. In order to limit the total reference signal configurations across both measurements, FG 16-1a-1 should include UE capability components indicating the maximum number of the reference signals that can be configured for L1-RSRP and L1-SINR across all CCs for CMR of L1-RSRP and L1-SINR:
· Maximum number of the NZP CSI-RS and SSB that can be configured as CMR for L1-RSRP and L1-SINR across all CCs
· Maximum number of the NZP CSI-RS and SSB that can be configured as CMR for L1-RSRP and L1-SINR within a slot across all CCs
We also note that UE complexity for L1-SINR measurements for NZP CSI-RS resources with 1Tx and 2Tx is similar. In this case the possible differentiation of 1Tx and 2Tx NZP CSI-RS resource in FG 16-1a-1 is not required. 
Summarizing discussion above the following proposal can be made for 16-1a-1:
Proposal 1-1:
· Modify the components of FG16-1a-1 as follows:
	16-1a-1
	SSB/CSI-RS for L1-SINR measurement
	1. Type of L1-SINR measurements 
· Candidate values TBD
2. The number of configured resources for CMR and IMR across CCs
· The number of configured SS/PBCH resources for CMR
· The number of configured NZP CSI-RS resources for CMR
· The number of configured NZP CSI-RS and CSI-IM resources for IMR
3. The number of configured resources for CMR within a slot
· The number of configured SS/PBCH resources and NZP CSI-RS resources for CMR within a slot
· The total number of configured NZP CSI-RS and CSI-IM resources for IMR within a slot
4. The total number of CMR resources for L1-RSRP and L1-SINR
· SS/PBCH and NZP CSI-RS resources across CCs
· SS/PBCH and NZP CSI-RS resources within a slot


FG 2-23/2-23a SP L1-SINR reporting on PUCCH and PUSCH
Rel-15 capability supports separate indication of semi-persistent CSI reporting for L1-RSRP. Given that RAN1 is not planning to introduce a similar GFs for the purpose of L1-SINR semi-persistent reporting, the existing Rel-15 capability should be extended for L1-SINR.
Proposal 1-2:
· Rel-15 FGs 2-23/2-23a are extended for L1-SINR
	sp-BeamReportPUCCH
Indicates support of semi-persistent 'CRI/RSRP', or 'SSBRI/RSRP', ‘CRI/SINR’ or ‘SSBRI/SINR’ reporting using PUCCH formats 2, 3 and 4 in one slot.
	Band
	No
	No
	Yes

	sp-BeamReportPUSCH
Indicates support of semi-persistent 'CRI/RSRP', or 'SSBRI/RSRP', ‘CRI/SINR’ or ‘SSBRI/SINR’ reporting on PUSCH.
	Band
	No
	No
	Yes


FG 16-1a-2 Non-group based L1-SINR reporting
FG 16-1a-2 indicates the maximum number of L1-SINR measurements that can be provided by the UE in one CSI report. To reduce UE capability signaling overhead the corresponding FG 16-1a-2 should be made optional with a default value of 1 for the UE supporting FG 16-1a-1.
	16-1a-2
	Non-group based L1-SINR reporting
	Support of non-group based L1-SINR reporting with N_max L1-SINR values reported
Note: Default value is N_max = 1 in case 16-1a-2 is not provided by the UE.


Proposal 1-3:
· FG 16-1a-2 non-group based L1-SINR reporting is optional with capability signaling with default value N_max = 1
FG 16-1g Total number of reference signals for beam management
In RAN1#100b-e meeting, it was proposed to support UE capability limiting the total number of reference signal resources for beam management purposes (e.g., L1-SINR, L1-RSRP, NBI for BFR). The corresponding FG 16-1g is expected to solve the problem of the potential under-reporting of the reference signal configuration assuming simultaneous use of the reference signals for multiple purposes. It should be noted that the proposed component of FGs 16-1g would be only beneficial to increase the reported number for Rel-16 reference signals, since Rel-15 values shall be kept unchanged for the backward compatibility purposes. For example, the total number of the reference signals used for Rel-15 and Rel-16 beam management purposes, i.e., for  L1-RSRP and L1-SINR can be provided by the UE. Similarly, the total number of reference signals used for Rel-15 and Rel-16 new beam identification as part can be also provided. These capabilities however can be provided as additional components in FG 16-1a-1 and FG 16-1f respectively. 
Proposal 1-4:
· Consider additional UE capability reporting for the total number of BM and NBI reference signals as additional components of FG 16-1a-1 and FG 16-1f
FG 16-1f (SCell Beam Failure Recovery)
For the maximum number of SSB/CSI-RS resources for new beam identification that can be supported across all CC, a mandatory UE capability was defined in Rel-15 for the purposes of beam failure recovery for the PCell. For the case of SCell BFR, 16-1f-3 is proposed which may indicate the maximum number of SSB/CSI-RS resources. In this case, an indication for maximum supported resources across all CCs is required as well as an indication for the maximum number of resources supported across all CCs which will address the cases when PCell and SCell BFR might be configured parallelly.
The FFS for PUCCH BFR support can be removed since it is expected that a UE supporting SCell BFR should also support PUCCH-BFR. The need for a separate UE capability for CSI-RS density for the purposes of SCell BFR is unclear and is not be required. 
Proposal 1-5:
· For SCell beam failure recovery in FG 16-1f
1. Remove FFS for support of PUCCH-BFR
2. Remove FFS for the UE capability for the maximum number of SSB and/or CSI-RS resources for new beam identification and the indication should be reported per CC within a slot
	16-1f
	SCell beam failure recovery
	1. The maximum number of SCells for SCell beam failure recovery  
2. Support of PUCCH-BFR 
3. The maximum number of CSI-RS and/or SSB resources for new beam identification of SCell BFR
4. FFS: Density of CSI-RS for new beam identification for SCell BFR The maximum number of SCells for SCell beam failure recovery  (FFS whether to be a separate UE feature, e.g. 16-1d)
5. FFS: Support of PUCCH-BFR (FFS whether to be a separate UE feature, e.g. 16-1d)
6. FFS: The maximum number of CSI-RS and/or SSB resources for new beam identification of PCell and SCell BFR [across all CCs / within a slot across all CCs / per CC] (FFS to replace this component to 14)
7. FFS: Densigy Density of CSI-RS for new beam identification for SCell BFR 



2.2 Multi-TRP
FG 16-2a (basic Multi-DCI based multi-TRP)
Basic multi-DCI multi-TRP operation with FG 16-2a with TDM-only PDSCH reception (no overlapping PDSCH) would result in DPS (dynamic point switching) operation as supported in Rel-15 but with increased number of CORESETs. If R=2 is reported, it would be worse than Rel-15 considering the limited availability of BD/CCE in CA operation. Therefore, we believe that FG 16-2a should support reception of fully/partially overlapping PDSCHs in time and non-overlapping in frequency in FR1. Supporting pure TDM PDSCH operation in FG 16-2a in FR2 is reasonable to accommodate UEs with single panel reception.
Component-1: In Rel-15 the network can configure at most 3 CORESETs per BWP per cell (including UE-specific and common CORESETs). In Rel-16 multi-DCI operation this number is increased to 5. Therefore, the candidate values for component-1 should be {3, 4, 5}. 
Component-2: Each CORESETPoolIndex represents a cluster of TRPs, therefore a small number here significantly increases RRC reconfiguration overhead. Note that in Rel-15, multi-TRP transmission in the form of DPS is already supported and the maximum number of CORESETs per TRP is 3 in Rel-15. we believe the candidate values for this component should be {3, 4, 5} in order to be not worse than Rel-15.
Proposal 2-1: 
· For multi-DCI based multi-TRP in FG 16-2a
1. Support reception of fully/partially overlapping PDSCHs in time and non-overlapping in frequency in FR1
2. Candidate values for component-1 is {3, 4, 5}
3. Candidate values for component-2 is {3, 4, 5}

FR1/FR2 operation for multi-DCI multi-TRP
In FR2 operation, we don’t see it reasonable for a UE to support simultaneous reception of PDSCH but not support simultaneous reception of PDCCH/PDSCH with different QCL Type-D. Considering this, for 16-2a-0, we propose to consider only FR2 operation and include support of fully/partially overlapping PDSCHs in time and non-overlapping in frequency with different QCL Type-D. At the same time, we propose to add another component to support receiving time-overlapping PDCCHs with different QCL Type-D.
In 16-2a-1, we propose to limit this FG to FR1 since FG 16-2a-8 is already covering simultaneous reception of PDSCH with different QCL Type-D in FR2. 
Proposal 2-2: 
· In order to support FR2 operation, a UE should support simultaneous reception of time-overlapping PDSCH together with simultaneous reception of PDCCH/PDSCH with different QCL Type-D 
1. In 16-2a-0 consider only FR2 operation together with simultaneous reception of PDCCH/PDSCH with different QCL Type-D
2. In 16-2a-1, we propose to limit this FG to FR1 since FG 16-2a-8 is already covering simultaneous reception of PDCCH/PDSCH with different QCL Type-D in FR2.
PDSCH layer combinations for multi-DCI multi-TRP
[bookmark: _GoBack]16-2a-1 component 3: It is possible to consider support of some PDSCH layer combination to be mandatory while some PDSCH layer combinations could be optionally supported and signalled. In the following table, we provide an example considering that mandatory layer combinations are relatively “balanced” between the two TRPs. We note that restriction on layer combinations would lead to quite restrictive scheduling in case transmission rank cannot be coordinated across TRPs. For example, if a UE does not support {3+1}/{1+3} combination, none of the TRPs will be able to schedule with transmission rank 3. 
	Max layer capability in Rel-15
	Mandatory combinations supporting multi-DCI multi-TRP
	Additional optional combinations that UE can indicate

	2 layers
	{2+0}, {1+1}, {1+0}
	N/A

	4 layers
	{4+0}, {2+2}, {3+0}, {2+1}, {2+0}, {1+1}, {1+0}
	{3+1} 

	8 layers
	{8+0}, {4+4}, {7+0},{3+4}, {6+0}, {3+3},{5+0}, {3+2}, {4+0}, {2+2}, {3+0}, {2+1}, {2+0}, {1+1}, {1+0}
	{7+1}, {6+2}, {5+3}, {3+1}, {4+1},{4+2}


We also suggest clarifying that Rel-15 RRC parameter maxMIMO-Layers is interpreted as the maximum total number of MIMO layers across all PDSCHs. This interpretation would help clarify support of dynamic switching, e.g., between {4+0} and {2+2} when configured maxMIMO-Layers=4.
Proposal 2-3:
· FG 16-2a-1 
1. Rel-15 maxMIMO-Layers is interpreted as the maximum total number of MIMO layers across all PDSCHs with multi-DCI multi-TRP configuration
2. Adding further restrictions on MIMO layers per TRP leads to quite limiting PDSCH rank possibilities for non-ideal backhaul case when transmission rank cannot be coordinated across TRPs
Multi-CC support and FSPC
Regarding 16-2a-9, we support a UE to indicate the maximum number of CCs for multi-DCI multi-TRP and consider not having FG 16-2a as FSPC due to the huge overhead of FSPC capability signalling.
Proposal 2-4:
· In FG 16-2a-9, we support a UE to indicate the maximum number of CCs for multi-DCI multi-TRP and propose to consider not having FG 16-2a as FSPC due to the huge overhead of FSPC capability signalling

FG 16-2b-1 (Single-DCI based schemes 2a, 2b, 3, 4)
The FFS for component-1 should be removed in order to define SDM scheme. Optionality of DMRS entry {0, 2, 3} was not raised before and we believe it is not needed.
Proposal 2-5: 
· For single-DCI based schemes 2a, 2b, 3, 4 in FG 16-2b-5, no need for UE capability to support DMRS entry {0, 2, 3}

FG 16-2b-5 (Single-DCI based inter-slot TDM)
It is not clear why a TCI state to PDSCH transmission occasion mapping option should be UE capability dependent.
Proposal 2-6: 
· For single-DCI based inter-slot TDM FG 16-2b-5, no need for UE capability to support cyclical mapping or sequential mapping

	16-2a
	Multi-DCI based multi-TRP
	1. The maximum number of CORESETs configured per “PDCCH-Config”
2. The maximum number of CORESETs configured per CORESETPoolIndex ( if CORESETPoolIndex is not configured, it is assumed CORESETPoolIndex = 0) per “PDCCH-Config”
3. The value of R=[1,2] for BD/CCE
4. [Support fully/partially overlapping PDSCHs in time and non-overlapping in frequency] [for FR1]
FFS whether default value of R is needed

	16-2a-0
	Overlapping PDSCHs in time and non-overlapping in frequency
	1. Support fully/partially overlapping PDSCHs in time and non-overlapping in frequency with different Type-D in FR2 [merge with 16-2a? Merge with 16-2a-8?] [FR2 only?]
2. Support receiving time-overlapping PDCCHs with different Type-D in FR2

	16-2a-1
	Simultaneous reception of Multiple PDSCHs overlapping in frequency
	1. Support fully overlapping PDSCHs at frequency and partially/fully overlapping at time in FR1
1. Support partially overlapping PDSCHs in frequency and partially/fully overlapping in time in FR1
1. The maximum number of MIMO layers of each scheduled PDSCH [if  PDCCHs scheduling fully/partially/non-overlapped PDSCHs in time and frequency domain]
1. The maximal number of PDSCH scrambling sequences per serving cell
FFS whether default values of component 3/4 to be included in 16-2a

	16-2a-8
	Simultaneous reception with different Type-D
	whether UE supports receiving time-overlapping [PDSCHs]/PDCCHs with different Type-D
FFS whether default values to be included in 16-2a

	16-2a-9
	[Simultaneous reception across CCs with Multi-DCI]
	[The maximum number of CCs supporting multi-DCI based multi-TRP simultaneously]

	16-2b-1
	Single-DCI based SDM scheme
	1. FFS: Support of  DCI indication of of 2 TCI states by a codepoint and DMRS ports within two CDM groups
2. Support of two PTRS ports
3. FFS Support of DMRS entry {0, 2, 3}


	16-2b-5
	Single-DCI based inter-slot TDM
	1. Support of MAC CE to activate two TCI states for a TCI codepoint
2. Support of RepNumR16 in PDSCH-TimeDomainResourceAllocation and the maximum value of RepNumR16 
3. Supported maximum TBS size according to RepNumR16 in PDSCH-TimeDomainResourceAllocation
1. FFS: TCI state mapping to PDSCH transmission occasions (Cyclical mapping  or Sequential mapping)


2.3 eType-II codebook
According to the latest version of the RAN1 UE feature list [1] UE features for eType-II codebook correspond to multiple UE feature groups (FG) partially captured below. In this section we provide our comments on the UE features for eType-II codebooks.
	16-3a
	Regular eType-II
	Basic components:
1. {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} to support regular eType-II for R=1
2. Support of parameter combinations 1-6
3. Support of rank 1,2
FFS: CBSR with hard amplitude restriction

	16-3a-1
	Support of PMI sub-bands with R=2
	{Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} to support regular eType-II for R=2

	16-3a-2
	Support of parameter combinations 7-8
	Support of parameter combinations 7-8

	16-3a-3
	Support of rank 3,4
	Support of rank 3,4

	16-3a-4
	CBSR
	ALT 1) CBSR with soft amplitude restriction (capture consequence if not supported  hard amplitude restriction is supported)
ALT 2) CBSR

	16-3b
	Port selection eType-II
	Basic components:
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. 6 parameter combinations (combos with L=6 don’t apply) 
Support of rank 1,2

	16-3b-1
	Support of PMI sub-bands with R=2
	{Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} to support port selection eType-II for R=2

	16-3b-2
	Support of rank 3,4
	Support of rank 3,4

	16-7
	Extension of the maximum number of configured aperiodic CSI report settings
	Extension of the maximum number of configured aperiodic CSI report settings for all codebook types

	16-8
	Active CSI-RS resources and ports for mixed codebook types in any slot
	FFS: the detailed component design


For FG 16-3a and 16-3b the reporting granularity is currently not defined. For UE capabilities related to Rel-15 codebooks there is an issue which RAN1 discussed with RAN2 via LS [2]. According to that discussion the UE capability signaling for a codebook should have per band and also per band combination (BC) granularity to avoid inefficiency and facilitate convergence of the actual UE processing capabilities and indicated UE capabilities. Thus, we propose to support per band and per BC granularity for FG 16-3a and 16-3b.
[bookmark: _Hlk40355681]For FG 16-3a-4 currently there are two alternatives, where in one of the alternatives support of hard and soft codebook subset restriction (CBSR) is indicated in this FG. In our view there is no significant impact on the UE complexity due to support of hard CBSR, hence, we propose to support indication of soft CBSR support in FG 16-3a-4 assuming that hard CBSR is supported if UE indicates support of FG 16-3a.
Proposal 3-1:
· For eType-II codebook in FG 16-3a and 16-3b, indication granularity is per band and per BC
· For eType-II codebook in FG 16-3a-4, CBSR with soft amplitude restriction is indicated
Regarding the UE capability for the mixed codebook types, in our contribution [3] we provided our view on this issue and proposed to support UE capability signaling parameter which indicates the list of supported combinations of the maximum number of CSI-RS ports, the maximum number of resources, the total number of Tx ports per band across all the supported codebook types. Alternatively, the list of supported combinations of of the maximum number of CSI-RS ports, the maximum number of resources, the total number of Tx ports can be reported together with the list of codebooks which can be used concurrently. Since some codebooks may have similar PMI search complexity (e.g. eType-II and Port selection eType-II) it is important to allow indication of at least 3 codebooks in the list of codebooks to allow indication of 2 codebooks with similar complexity used concurrently with 1 codebook with different complexity (e.g. eType-II, Port selection eType-II and Type-I).
The above solutions in principle provide sufficient flexibility for the UE to control the CSI computational complexity if multiple codebook types are used simultaneously. Thus, we propose to support one of the solutions. 
Proposal 3-2:
· Support one of the following solutions addressing issue of UE capabilities for the mixed codebook types
1. Support UE capability signaling parameter which indicates the list of supported combinations of the maximum number of CSI-RS ports, the maximum number of resources, the total number of Tx ports active across all the supported codebook types
2. Support UE capability signaling parameter which indicates the list of supported combinations of the maximum number of CSI-RS ports, the maximum number of resources, the total number of Tx ports active across 2 or more codebook types, where the list of codebook types is indicated by the UE
	16-8
	Active CSI-RS resources and ports for mixed codebook types in any slot
	Alt 1: List of {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} across all the codebook typesFFS: the detailed component design
Alt 2: {Codebook 1, Codebook 2, …, Codebook N} and list of {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports}, where N ≥ 3


2.4 Full power UL Tx
In the latest UE feature discussion document, the feature group on full power transmission is separated into individual FGs from 16-5a to 16-5c, as shown below. In this section, we provide some comments on the feature group for full power uplink transmission.
	16-5a
	UL full power transmission [mode 0]
	1. Supported UL full power transmission [mode 0]

	16-5b
	UL full power transmission mode 1
	1. Supported UL full power transmission mode 1
1. [Number of Tx to support mode 1: {2Tx, 4Tx, 2Tx_4Tx}]

	16-5c
	[UL full power transmission mode 2]
	1. [Supported UL full power transmission mode 2
1. Number of Tx to support mode 2: {2Tx, 4Tx, 2Tx_4Tx}
1. The maximum number of SRS resources in set with different number of ports [for usage set to ‘codebook’]. FFS on details for supported number of Tx.
1. FFS: Number of ports per SRS resource
1. FFS: Maximum number of different spatial relation info for all SRS resources for usage set to ‘codebook’ in a resource set
1. TPMI group which delivers full power. FFS on details for supported number of Tx.
Note: UE indicating mode 2 shall support full power transmission for 1 antenna port]


FG 16-5a (Mode 0)
For full power Tx Mode 0, one remaining issue is the naming of ‘mode 0’ as shown in the bracket, since the term of ‘mode 0’ is not used in the spec. In the RRC spec, the corresponding configuration for ‘mode 0’ is that the parameter ‘Ul-FullPowerTransmission’ is set to ‘fullpower’. To align with RRC spec, it is suggested that in 16-5a, ‘mode 0’ is changed to ‘with Ul-FullPowerTransmission is set to fullpower’.
FG 16-5b (Mode 1)
For full power Tx Mode 1, the UE should be configured with multiple SRS resources with the same number of SRS antenna ports. For component 2, the value of 2Tx_4Tx is meaningless for Mode 1 and should be removed. In addition, in Rel-15, there is a UE capability parameter, maxNumberSRS-Ports-PerResource, indicating the maximum number of SRS antenna ports supported by the UE. Therefore, component 2 is redundant for Mode 1 operation.
FG 16-5c (Mode 2)
For component 1, since 16-5c have multiple components, it is not necessary to have a sperate component indicating the support of Mode 2 operation. Therefore, component 1 can be removed.
For component 2 under 16-5c, there is a value of 2Tx_4Tx. The meaning of this value should be clarified, for example, whether it means antenna virtualization to 2-port by a 4-port UE. In addition, the relationship between component 2 and the Rel-15 UE capability parameter, maxNumberSRS-Ports-PerResource, should be clarified.
For component 3, in RAN1 #98 meeting, the following agreement was reached. From the agreement, the maximum number of resources for Mode 2 could be either 2 or 4. It is not mentioned whether the SRS resources should be of the same number of antenna ports or different number of antenna ports. Therefore, for component 3, we think it should be aligned with the existing agreement by removing the text ‘with different number of ports’.
	Agreement
· For 4 TX UEs, a maximum of 4 SRS resources are supported in Mode 2 for usage set to ‘codebook’ in a set
· Depending on UE capability, either up to 2 or 4 SRS resources are supported
· For 2 TX UEs, a maximum of 4 SRS resources are supported in Mode 2 for usage set to ‘codebook’ in a set
· Depending on UE capability, either up to 2 or 4 SRS resources are supported
· For mode 2 UEs, up to 2 different spatial relation info can be configured for all SRS resources with usage set to ‘codebook’
Note: it does not mean to support simultaneous transmission of multiple SRS resources usage is set to ‘codebook’


For component 4 which is the number of ports per SRS resource, it is redundant since the number of SRS antenna ports information can be provided by component 2. Therefore, component 4 can be removed.
For component 5, the current TS 38.214 has already captured that up to 2 different spatial relation could be configured for Mode 2. Thus, this component is not necessary.
In addition, in Rel-15, there is a UE capability parameter indicating the maximum number of spatial relations that can be configured for the UE, which is maxNumberConfiguredSpatialRelations. The Rel-15 parameter can be reused and component 5 can be removed.
Proposal 4-1:
· For full power UL transmission in FG 16-5a, 16-5b and 16-5c:
1. For 16-5a, to change ‘mode 0’ to ‘with Ul-FullPowerTransmission set to fullpower’.
2. For 16-5b, component 2 is redundant and should be removed.
3. For component 1 under FG16-5c, it could be removed.
4. For component 2 under FG16-5c, the text ‘Number of Tx’ should be changed to ‘Number of SRS antenna ports’. The meaning of 2Tx_4Tx should be clarified. The relationship between component 2 and Rel-15 capability parameter maxNumberSRS-Ports-PerResource should be also clarified.
5. For component 3 under FG16-5c, the text of ‘with different number of ports’ should be removed to align with previous RAN1 agreement. And the FFS part should be also removed.
6. For component 4 under FG16-5c, it is redundant and should be removed. The number of ports information can be provided by component 2 under FG16-5c.
7. For component 5 under FG16-5c, it is not necessary and can be removed. The Rel-15 UE capability parameter can be reused.

	16-5a
	UL full power transmission with Ul-FullPowerTransmission set to fullpower[mode 0]
	1. Supported UL full power transmission with Ul-FullPowerTransmission set to fullpower[mode 0]

	16-5b
	UL full power transmission mode 1
	1. Supported UL full power transmission mode 1
2. [Number of Tx to support mode 1: {2Tx, 4Tx, 2Tx_4Tx}]

	16-5c
	[UL full power transmission mode 2]
	1. [Supported UL full power transmission mode 2
2. Number of Tx SRS antenna ports to support mode 2: {2Tx, 4Tx, 2Tx_4Tx}
3. The maximum number of SRS resources in set with different number of ports [for usage set to ‘codebook’]. FFS on details for supported number of Tx.
4. FFS: Number of ports per SRS resource
5. FFS: Maximum number of different spatial relation info for all SRS resources for usage set to ‘codebook’ in a resource set
6. TPMI group which delivers full power. FFS on details for supported number of Tx.
Note: UE indicating mode 2 shall support full power transmission for 1 antenna port]


The granularity of the feature groups for full power transmission is still FFS: Per FS or Per band or Per band per BC. In our view, depending on the implementation of the UE PA architecture, different full power capability could be supported for different band. For example, the full power operation could be different for FR1 and FR2. Thus, the granularity for full power Tx FGs should be per band.
Proposal 4-2:
· For FG 16-5a, 16-5b and 16-5c, the granularity should be per Band.
2.5 Low PAPR DMRS
FG 16-4 (Low PAPR DMRS for PDSCH)
For low PAPR DM-RS, the downlink UE capability in FG 16-4 for supporting Rel-16 enhancements for PDSCH can be indicated per UE and it can be optional with capability signaling. To this end however, if the feature is indeed optional, the main drawback of Rel-15 DM-RS from a PAPR perspective remains unsolved. Therefore, we can be open to consideration of this FG 16-4 as mandatory as well.
Proposal 5-1:
· In FG 16-4, the indication can be per UE and the feature can be optional with capability signaling.
FG 16-6a + 16-6c (Low PAPR DMRS for PUSCH)
	For both these FGs, the indication should be per band and the features can be optional with capability signaling.
FG 16-6b (Low PAPR DMRS for PUCCH)
The currently the capability is for PUCCH format 3 and/or PUCCH format 4 with transform precoding and pi/2 BPSK modulation. It should be clarified that the significance of “and/or” here is only with respect to UE capability to support PUCCH format 4 which is mandatory with capability signaling. The UE should not be expected to report separately for PF-3 and PF-4. 
[bookmark: _Hlk40436543]Proposal 5-2:
· In FG 16-6a and 16-6c, the indication can be per band and the feature can be optional with capability signaling
· In FG 16-6b, the UE capability for support of Low PAPR DMRS for PUCCH should be for PUCCH format 3 and PUCCH format 4 (if capable) with transform precoding and pi/2 BPSK modulation

	16-6b
	Low PAPR DMRS for PUCCH
	For PUCCH format 3 and/or/or PUCCH format 4, if capable, with transform precoding and with pi/2 BPSK modulation



3. Conclusion
In this contribution, we provide discussion on UE features for NR eMIMO. Based on the discussion the following proposals are made:
· Modify the components of FG16-1a-1 as follows:
	16-1a-1
	SSB/CSI-RS for L1-SINR measurement
	1. Type of L1-SINR measurements 
· Candidate values TBD
2. The number of configured resources for CMR and IMR across CCs
· The number of configured SS/PBCH resources for CMR
· The number of configured NZP CSI-RS resources for CMR
· The number of configured NZP CSI-RS and CSI-IM resources for IMR
3. The number of configured resources for CMR within a slot
· The number of configured SS/PBCH resources and NZP CSI-RS resources for CMR within a slot
· The total number of configured NZP CSI-RS and CSI-IM resources for IMR within a slot
4. The total number of CMR resources for L1-RSRP and L1-SINR
· SS/PBCH and NZP CSI-RS resources across CCs
· SS/PBCH and NZP CSI-RS resources within a slot


· Rel-15 FGs 2-23/2-23a are extended for L1-SINR
	sp-BeamReportPUCCH
Indicates support of semi-persistent 'CRI/RSRP', or 'SSBRI/RSRP', ‘CRI/SINR’ or ‘SSBRI/SINR’ reporting using PUCCH formats 2, 3 and 4 in one slot.
	Band
	No
	No
	Yes

	sp-BeamReportPUSCH
Indicates support of semi-persistent 'CRI/RSRP', or 'SSBRI/RSRP', ‘CRI/SINR’ or ‘SSBRI/SINR’ reporting on PUSCH.
	Band
	No
	No
	Yes


· FG 16-1a-2 non-group based L1-SINR reporting is optional with capability signaling with default value N_max = 1
· Consider additional UE capability reporting for the total number of BM and NBI reference signals as additional components of FG 16-1a-1 and FG 16-1f
· For SCell beam failure recovery in FG 16-1f
1. Remove FFS for support of PUCCH-BFR
2. Remove FFS for the UE capability for the maximum number of SSB and/or CSI-RS resources for new beam identification and the indication should be reported per CC within a slot
· For multi-DCI based multi-TRP in FG 16-2a
1. Support reception of fully/partially overlapping PDSCHs in time and non-overlapping in frequency in FR1
2. Candidate values for component-1 is {3, 4, 5}
3. Candidate values for component-2 is {3, 4, 5}
· In order to support FR2 operation, a UE should support simultaneous reception of time-overlapping PDSCH together with simultaneous reception of PDCCH/PDSCH with different QCL Type-D 
1. In 16-2a-0 consider only FR2 operation together with simultaneous reception of PDCCH/PDSCH with different QCL Type-D
2. In 16-2a-1, we propose to limit this FG to FR1 since FG 16-2a-8 is already covering simultaneous reception of PDCCH/PDSCH with different QCL Type-D in FR2.
· FG 16-2a-1 
1. Rel-15 maxMIMO-Layers is interpreted as the maximum total number of MIMO layers across all PDSCHs with multi-DCI multi-TRP configuration
2. Adding further restrictions on MIMO layers per TRP leads to quite limiting PDSCH rank possibilities for non-ideal backhaul case when transmission rank cannot be coordinated across TRPs
· In FG 16-2a-9, we support a UE to indicate the maximum number of CCs for multi-DCI multi-TRP and propose to consider not having FG 16-2a as FSPC due to the huge overhead of FSPC capability signalling
· For single-DCI based schemes 2a, 2b, 3, 4 in FG 16-2b-5, No need for UE capability to support DMRS entry {0, 2, 3}
· For single-DCI based inter-slot TDM FG 16-2b-5, no need for UE capability to support cyclical mapping or sequential mapping
· For eType-II codebook in FG 16-3a and 16-3b, indication granularity is per band and per BC
· For eType-II codebook in FG 16-3a-4, CBSR with soft amplitude restriction is indicated
· Support one of the following solutions addressing issue of UE capabilities for the mixed codebook types
1. Support UE capability signaling parameter which indicates the list of supported combinations of the maximum number of CSI-RS ports, the maximum number of resources, the total number of Tx ports active across all the supported codebook types
2. Support UE capability signaling parameter which indicates the list of supported combinations of the maximum number of CSI-RS ports, the maximum number of resources, the total number of Tx ports active across 2 or more codebook types, where the list of codebook types is indicated by the UE
· For full power UL transmission in FG 16-5a, 16-5b and 16-5c:
1. For 16-5a, to change ‘mode 0’ to ‘with Ul-FullPowerTransmission set to fullpower’.
2. For 16-5b, component 2 is redundant and should be removed.
3. For component 1 under FG16-5c, it could be removed.
4. For component 2 under FG16-5c, the text ‘Number of Tx’ should be changed to ‘Number of SRS antenna ports’. The meaning of 2Tx_4Tx should be clarified. The relationship between component 2 and Rel-15 capability parameter maxNumberSRS-Ports-PerResource should be also clarified.
5. For component 3 under FG16-5c, the text of ‘with different number of ports’ should be removed to align with previous RAN1 agreement. And the FFS part should be also removed.
6. For component 4 under FG16-5c, it is redundant and should be removed. The number of ports information can be provided by component 2 under FG16-5c.
7. For component 5 under FG16-5c, it is not necessary and can be removed. The Rel-15 UE capability parameter can be reused.
· For FG 16-5a, 16-5b and 16-5c, the granularity should be per Band.
· In FG 16-4, the indication can be per UE and the feature can be optional with capability signaling.
· In FG 16-6a and 16-6c, the indication can be per band and the feature can be optional with capability signaling
· In FG 16-6b, the UE capability for support of Low PAPR DMRS for PUCCH should be for PUCCH format 3 and PUCCH format 4 (if capable) with transform precoding and pi/2 BPSK modulation
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