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[bookmark: _Ref129681832]In this contribution, we have provided our further comments for NR-eMIMO for Rel-16 UE capability design based on the latest UE feature list shown in [1] and follow up email discussion by “[100e-b-NR-UEFeatures-Remaining] Email discussion/approval of remaining issues”.

Detailed Signaling 
Feature group: Multi-Beam Operation 
Proposed revisions can be found as follow: 

	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	16-1a-1
	SSB/CSI-RS for L1-SINR measurement
	1. The max number of SSB/CSI-RS (1Tx) resources (sum of aperiodic/periodic/semi-persistent) across all CCs configured as CMR to measure L1-SINR within a slot shall not exceed MB_1
2. The max number of CSI-IM resources (sum of aperiodic/periodic/semi-persistent) across all CCs configured to measure L1-SINR within a slot shall not exceed MB_1-1
3. The max number of NZP-IMR resources (sum of aperiodic/periodic/semi-persistent) across all CCs configured to measure L1-SINR within a slot shall not exceed MB_1-2
4. The max number of SSB/CSI-RS resources (sum of aperiodic/periodic/semi-persistent) across all CCs   configured to measure L1-SINR (including CMR and IMR) within a slot shall not exceed MB_1-3
5. The max number of SSB/CSI-RS (1Tx)/CSI-IM resources (sum of aperiodic/periodic/semi-persistent) across all CCs configured as CMR to measure L1-SINR (including CMR and IMR) shall not exceed MC_1
6. The max number of CSI-IM resources (sum of aperiodic/periodic/semi-persistent) across all CCs configured to measure L1-SINR shall not exceed MC_1-1
7. The max number of NZP IMR resources (sum of aperiodic/periodic/semi-persistent) across all CCs configured to measure L1-SINR shall not exceed MC_1-2
8. The max number of SSB/CSI-RS resources (sum of aperiodic/periodic/semi-persistent) across all CCs configured to measure L1-SINR (including CMR and IMR) shall not exceed MC_1-3
9. The max number of CSI-RS (2Tx) resources (sum of aperiodic/periodic/semi-persistent) across all CCs configured as CMR to measure L1-SINR within a slot shall not exceed MB_2
10. Supported density of CSI-RS (CMR)
11. The max number of aperiodic CSI-RS resources across all CCs configured to measure L1-SINR (including CMR and IMR) shall not exceed MD_1

	2-21, 2-22 or 2-23, 2-23a
	
	
	
	Per band
Per BC
	
	
	
	
	Optional with capability signalling

Component-1 to 4, candidate value set for MB_1 and MB_1-x is {0, 8, 16, 32, 64}


Component-15 to 48, candidate value set for MC_1 and MC_1-x is {0, 4, 8, 16, 32, 64}

Component-9, candidate value set for MB_2 is {0, 4, 8, 16, 32, 64}

Component-510: candidate value set: 
{"not supported", "1 only", "3 only", "both 1 and 3"}

Component-611, candidate value set for MD_2 is {0, 1, 4, 8, 16, 32, 64}


	16-1a-2
	Non-group based L1-SINR reporting
	1. Support of non-group based L1-SINR reporting with N_max L1-SINR values reported
	[16-1a-1]
	
	
	
	Per band
	[No]
	[No]
	
	
	[Optional with capability signaling]

Candidate value set is {1, 2, 4}
FFS: default value equals 1

	16-1a-3
	Group based L1-SINR reporting
	1. Support of group based L1-SINR reporting
	16-1a-1
	
	
	
	Per band
	[No]
	[No]
	
	
	Optional with capability signalling

	16-1b
	TCI state activation and spatial relation update
	1. Support of Simultaneous TCI state activation across multiple CCs: PDCCH, PDSCH
2. FFS: details on whether/how to indicate band pairs which can share the same DL TCI state
	Component 1: 2-1, 2-4
	
	N/A
	
	[Per BC or per band]
	No
	Yes
	
	
	FFS

	16-1b-2
	Spatial relation update across multiple CCs
	1. Support of Simultaneous spatial relation update across multiple CCs: AP-SRS, SP-SRS
2. FFS: details on whether/how to indicate band pairs which can share the same UL spatial relation info
	Component 1: 2-59, 2-60

	
	N/A
	
	[Per BC or per band]
	No
	Yes
	
	
	FFS

	16-1b-3
	Spatial relation update for PUCCH group
	1. Support of PUCCH resource groups per BWP for simultaneous spatial relation update
2. The maximum number of PUCCH resources within each PUCCH resource group
	2-53, 2-59, 4-24
	
	N/A
	
	[Per BC or per band]
	No
	Yes
	
	
	FFS
Component-2, candidate value set is {0, 2, 4, 8, 16, 32, 64, 128}

	16-1c
	Default spatial relation
	Support of default spatial relation and pathloss reference RS for dedicated-PUCCH/SRS and PUSCH [scheduled by DCI format 0_0]
	[Component 1: 2-20,] 2-53, 2-59
	
	N/A
	
	[Per band]
Per UE
	[No]
	Yes
	
	
	FFS

	16-1d
	MAC CE spatial relation update for AP-SRS
	[Support of / The maximum number of] spatial relation update for AP-SRS via MAC CE
	2-53, 2-59
	
	N/A
	
	[Per UE]
	No
	[No]
	
	
	FFS

	16-1e
	Pathloss reference RS activation via MAC CE
	1. The maximum number of configured pathloss reference RSs for PUSCH/SRS by RRC for MAC-CE based pathloss reference RS update
1. FFS: The maximum number of activated pathloss reference RS update for PUSCH/SRS/PUCCH [across CCs / within a slot across all CCs / per CC]
1. FFS: Number of measurement samples N to apply newly activated pathloss reference RS
	8-2, 8-3
	
	N/A
	
	[Per UE]
	No
	No
	
	
	FFS

	16-1f
	SCell beam failure recovery
	1. The maximum number of SCells [configured] for SCell beam failure recovery [simultaneously]  
2. FFS: Support of PUCCH-BFR 
3. FFS: The maximum number of CSI-RS and/or SSB resources for new beam identification of SCell BFR [across all CCs / within a slot across all CCs / per CC]
4. FFS: Density of CSI-RS for new beam identification for SCell BFR 
	2-31
	
	N/A
	
	FFS
Per BC
	No
	
	
	
	FFS

	16-1g
	Resources for beam management, [pathloss measurement, BFD, and BFR]
	1. The maximum number of SSB/CSI-RS/[CSI-IM] resources [within a slot] across all CCs for any of L1-RSRP measurement, L1-SINR measurement, [pathloss measurement, BFD, and new beam identification]
1. FFS: The maximum number of SSB/CSI-RS resources within a slot across all CCs for pathloss measurement
1. FFS: The maximum number of SSB/CSI-RS resources within a slot across all CCs for BFD
1. FFS: The maximum number of SSB/CSI-RS resources across all CCs for new beam identification
	2-24, 2-31
	
	N/A
	
	FFS
Per BC
	No
	
	
	
	FFS
Component-1: candidate value set is {0, 4, 8, 16, 32, 64}



FG 16-1a-1: Given that it has been agreed to introduce FG 16-1g, we propose to remove comp-1/2/3/4/9 from FG 16-1a-1, i.e., those restricted to ‘within a slot’, and merge them into comp-1 in FG 16-1g, which is updated accordingly by removing all brackets. In this way, i.e., with the completion of FG 16-1g and the removal of compo-1/2/3/4/9 from FG 16-1a-1, the NW planning flexibility can be maximized, without burning out UE complexity. Note that as the maximum number of allowed configurations, comp-5/6/7/8 of FG16-1a-1 should be kept. To further improve sharing of UE memory in the case of CA/DC, we propose to change the reporting type of FG 16-1a-1 as ‘per BC’.
FG 16-1b-3: As stated in reply LS to RAN2 in R1-2002798, the maximum number of PUCCH resources in a PUCCH group is 128. We believe there is no need to mandate all UEs to support such a large number, and propose to add additional component on maximum number of PUCCH resources within each PUCCH resource group.
FG 16-1c/1d: We expect a UE supporting these features will support them on all the bands it can support, and to reduce UE capability signalling overhead, we propose changing the reporting type as ‘per UE’. 
FG 16-1e: Per comment on FG 16-1a-1, the maximum number of PL-RS to be measured within a slot is to be included in FG 16-1g. With this in mind, there is no need to have comp-2 of FG 16-1e, and we propose to remove. Similar to the comment on FG 16-1c/1d, we proposed to change reporting type as ‘per UE’. 
FG 16-1f: Per comment on FG 16-1a-1, the maximum number of RS for new beam identification to be measured within a slot is to be included in FG 16-1g. With this in mind, there is no need to have comp-3 of FG 16-1f, and we propose to remove. As SCell beam failure recovery is meant to support CA/DC operation, we propose updating the reporting type as ‘per BC’.
FG 16-1g: To reflect our comments on FG 16-1a-1, 16-1e, and 16-1f, the brackets in the title and comp-1 of FG 16-1g should be removed. To avoid unnecessary restriction on NW planning, we propose to remove comp-2/3/4 and keep comp-1 only.  For comp-1, we further propose to include RLM-RS, which is similar to BFD-RS. To further improve sharing of UE processing capability in the case of CA/DC, we propose to change the reporting type of FG 16-1g as ‘per BC’. And the prerequisite feature groups should include FG 2-24/2-31.

Proposal 1: Regarding UE feature for multi-beam operation, adopt the updates listed below:
· FG 16-1a-1: Remove comp-1/2/3/4/9. Update reporting type as ‘per BC’.
· FG 16-1b-3: Add additional component on maximum number of PUCCH resources within each PUCCH resource group.
· FG 16-1c/1d: Update reporting type as ‘per UE’. 
· FG 16-1e: Remove comp-2. Update reporting type as ‘per UE’. 
· FG 16-1f: Remove comp-3. Update reporting type as ‘per BC’.
· FG 16-1g: Remove brackets in the title and comp-1. Add RLM-RS into comp-1. Remove component-2/3/4. Update reporting type as ‘per BC’. Add ‘2-24/2-31’ to ‘Prerequisite feature groups’. 

Feature group: Multi-TRP operation

Proposed revisions can be found as follow: 

	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	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]
5. The maximal number of PDSCH scrambling sequences per serving cell
FFS whether default value of R is needed
	TBD
	Yes
	N/A
	
	TBD [per band / per FSPC]Per Band
	N
	TBDN
	
	Component 1: Candidate values {2, 3, 4, 5}
Component 2: 
Candidate values {1, 2, 3}
Component 4: 
Candidate values {1, 2}
	TBD

	16-2a-0
	FOverlapping PDSCHs in time and nonull-overlapping in frequency domain
	Support fully/partially overlapping PDSCHs in time and non-overlapping in frequency [merge with 16-2a? Merge with 16-2a-8?] [FR2 only?]
1. Support fully overlapping PDSCHs at frequency and partially/fully overlapping at time
2. The maximum number of MIMO layers of each scheduled PDSCH
	16-2a
	Yes
	N/A
	
	Per band
	N
	N
	
	Component 2: 
Candidate values {1, 2, 4}
	

	16-2a-1
	Partial-overlapping in frequency domainSimultaneous reception of Multiple PDSCHs overlapping in frequency
	1. Support fully overlapping PDSCHs at frequency and partially/fully overlapping at time
2. Support partially overlapping PDSCHs in frequency and partially/fully overlapping in time
3. The maximum number of MIMO layers of each scheduled PDSCH [if  PDCCHs scheduling fully/partially/non-overlapped PDSCHs in time and frequency domain]
4. 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
	Yes
	N/A
	
	Per band
	N
	N
	
	Component 2: 
Candidate values {1, 2, 4}
	

	16-2a-2
	Out-of-order operation for DL
	1. Support out-of-order operation for PDCCH to PDSCH
2. Support out-of-order operation for PDSCH to HARQ-ACK
	16-2a
	Yes
	N/A
	
	Per band
	N
	N
	
	Note: this FG is a WA in RAN1
	

	16-2a-3
	Out-of-order operation for UL
	1. Support out-of-order operation for PDCCH to PUSCH
	16-2a
	Yes
	N/A
	
	Per band
	N
	N
	
	
	

	16-2a-4
	HARQ-ACK for multi-DCI based multi-TRP - separate
	1. Support of separate HARQ-ACK
1. [Support of two TDMed long PUCCHs in a slot]
	16-2a
	Yes
	N/A
	
	Per band
	N
	N
	
	
	

	16-2a-4a
	HARQ-ACK for multi-DCI based multi-TRP - joint
	1. Support of joint HARQ-ACK 
	16-2a
	Yes
	N/A
	
	Per band
	N
	N
	
	
	

	16-2a-5
	Separate CRS rate matching
	Whether the UE shall rate match around configured CRS patterns which is associated with CORESETPoolIndex  (if configured) and are applied to the PDSCH scheduled with a DCI detected on a CORESET with the same value of CORESETPoolIndex

	16-2a
	Yes
	N/A
	
	Per band
	N
	N
	
	
	

	16-2a-6
	Default QCL enhancement for multi-DCI based multi-TRP
	Support of default QCL assumption per CORESETPoolIndex if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL
	16-2a
	Yes
	N/A
	
	Per band
	N
	N
	
	
	

	16-2a-7
	Maximum number of activated TCI states
	1. The maximal number of activated TCI statesSupport of maximum per CORESETPoolIndex
1. The maximal total number of activated TCI states across CORESETPoolIndex per BWPSupport of total maximum
FFS whether default values to be included in 16-2a
	16-2a
	Yes
	N/A
	
	Per band
	N
	N
	
	Component 1: Candidate values {1, 2,4,8}
Component 2: Candidate values {2, 4, 8, 16}
	

	16-2a-8
	Simultaneous reception with different Type-D
	whether UE supportsSupport of receiving time-overlapping [PDSCHs]/PDCCHs with different Type-D
FFS whether default values to be included in 16-2a
	16-2a
	Yes
	N/A
	
	Per band
	TDD only 
	FR2 only
	
	
	

	16-2a-9
	[Simultaneous reception across CCs with Multi-DCI]
	[The maximum number of CCs supporting multi-DCI based multi-TRP simultaneously]
	16-2a
	Yes
	N/A
	
	Per band
	N
	N
	
	Note: If the type of 16-2a is agreed to be FSPC or Fs this FG will be removed 
	

	16-2a-10
	Value of BD factor
	The value of R=[(1,2] for BD/CCE

FFS whether default values to be included in 16-2a
	16-2a
	Yes
	N/A
	
	Per UE
	N
	N
	
	Candidate values {1, 2}
	

	16-2b-0
	Two default beams for single-DCI based multi-TRP
	Support of default QCL assumption with two TCI states
	16-2bNA
	Yes
	N/A
	
	Per band
	TDD only
	FR2 only
	
	
	TBD

	16-2b-1
	Single-DCI based SDM scheme
	1. FFS: Support of  Single-DCI based SDM schemeDCI 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}

	NA16-2b, TBD
	Yes
	N/A
	
	Per band
	N
	NTBD
	
	
	TBD

	16-2b-2
	Single-DCI based FDMSchemeA
	Support of FDMSchemeA

	NA16-2b, TBD
	Yes
	N/A
	
	Per band
	N
	NTBD
	
	
	TBD

	16-2b-3
	Single-DCI based FDMSchemeB
	1. Support of Single-DCI based FDMSchemeB
2. For FDMSchemeB, whether the UE can support CW soft combining

	NA16-2b, TBD
	Yes
	N/A
	
	 [per FSPC]
	N
	NTBD
	
	
	TBD

	16-2b-4
	Single-DCI based TDMSchemeA
	1. Support of Single-DCI based TDMSchemeA
2. Supported maximum TBS size for TDMSchemeA

	NA16-2b, TBD
	Yes
	N/A
	
	Per band
	N
	NTBD
	
	Component 2 candidate values {10 CBs, TBD}

	TBD

	16-2b-5
	Single-DCI based inter-slot TDM
	1. Support of Single-DCI based inter-slot TDMMAC 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
4. FFS: TCI state mapping to PDSCH transmission occasions (Cyclical mapping  or Sequential mapping)
	NA16-2b, TBD
	Yes
	N/A
	
	Per band
	N
	NTBD
	
	Component 21 candidate values: {8,16}

Component 32 candidate values {10 CBs, TBD}

	TBD



With regarding to 16-2a-9, “[The maximum number of CCs supporting multi-DCI based multi-TRP simultaneously]”, it is preferred to remove the bracket.
· The motivation is that, if the UE can report to support 2 CORESET sets for 2 CCs in a band, the NW can choose to use CA with 2CC as usual, or the NW can choose to use either CC1 or CC2 (without CA) to be configured with the first and second CORESETs with Multi-DCI based operation avoiding over-capability of UE and also depending on NW’s preferences. 
· Note that similar design has been implemented for PDCCH monitoring for multi-PDCCH scheme. When UE support and report BD factor as value two, gNB could use doubled number of BD/CCEs on a carrier, as in 38.213. That is, two TRP is considered to consume more PDCCH decoding resources of a UE. In terms of UE complexity, the sharing mechanism of PDCCH decoding capability is implemented through pdcch-BlindDetectionCA. Bounded by the coefficient, the overall PDCCH monitoring complexity would be balanced between multi-TRP and CA.
· Similar with R15 PDSCH processing capability, the UE could report the number of CCs supporting advanced PDSCH processing timeline, i.e. the value of ‘X’ for PDSCH capability #2 in 5-5a, to obtain tradeoff between fast decoding and CA for FR1. For multi-TRP, processing two PDSCHs in parallel timeline could causes more resources as well which needs tradeoff from CA capability.  
	5-5a
	UE PDSCH processing capability #2
	UE can report values 'X' and 'Fallback', and supports the following operation, only when all carriers are self-scheduled and all Capability #2 carriers in a band are of the same numerology
-When configured with less than or equal to X DL CCs, the UE may expect to be scheduled with up to 1 PDSCHs per slot with Capability #2 on all of the configured serving cells for which processingType2Enabled is configured and set to enabled, otherwise 
-If Fallback = 'SC', UE supports Capability #2 processing time on lowest cell index among the configured carriers in the band where the value is reported
-If Fallback = 'Cap1-only', UE supports only Capability #1, in the band where the value is reported
2) No scheduling limitation
3) N1 based on Table 5.3-2 of TS 38.214 for given SCS from {15, 30, 60} kHz



Proposal 2: The FG of 16-2a-9 with simultaneous reception across CCs with Multi-DCI shall be supported. 

For PDSCHs’ reception, at least time-domain overlapping PDSCHs should be supported in 16-2a for following reasons: 
· From system design perspective, with only TDMed PDSCHs scheduled by multi-TRP and in-order operation (as component 16-2a-2/3 are optional), PDSCH reception scheme is effectively same as R15 DPS by which gNB could indicate up to 8 TCI states in one DCI and each DCI can schedule individual PDSCH using different TRP in different time slot. From system design perspective, there is no PDSCH enhancement or NJCT over Rel-15 if that is the case. In other world, there is no “joint” PDSCH reception at all.  
· From NW operation perspective, current optional FG design has led to NW scheduling restrictions. But with potential support of non-overlapping PDSCHs at frequency domain in 16-2a, semi-static resource partitioning among TRPs.may be still feasible, for example FR2. Instead of transmitting two PDSCHs, two PDSCHs scheduled by two DCIs can provide a certain transmit and/or receiving spatial diversity to combat with propagation blockage or improve PDCCH/PDSCH robustness. It may lead to lower spectral efficiency which may be compensated by improved spatial diversity, depending on NW implementation. 
· From UE implementation perspective, full/partial/non-overlapping does give rise to different level of UE implementation complexity in terms of interference handling. Non-overlapping PDSCHs at frequency domain can be relatively UE implementation friendly due to no mutual interference among PDSCHs co-scheduled within the same slot. With NCJT using two CCs, the UE may simply decode PDSCHs independently.  
· Of cause, to support a non-ideal backhaul scenario, flexible resource allocation of PDSCHs from multiple TRPs would be preferable by the NW. Therefore supporting fully/partially overlapping PDSCHs in time and non-overlapping in frequency can be a reasonable compromise.  

Proposal 3:  “fully/partially overlapping PDSCHs in time and non-overlapping in frequency” shall be supported in 16-2a. 



Feature group: eType-II codebook
Proposed revisions can be found as follow: 
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	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
4. FFS: CBSR with hard amplitude restriction
	TBD
	Yes
	N/A
	Not support regular eType-II codebook 
	FFS: Per band or Per band per BCPer band and per BC
	N
	N
	N
	Component-1:
Maximum size of the list is 16.
The candidate values for the max # of Tx port in one resource is 
{2, 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 (including both channel and NZP-CSI-RS based interference measurement) is:
{from 2 to 256}

	

	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
	Yes
	N/A
	
	Per band and per BC
	N
	N
	N
	Maximum size of the list is 16.
The candidate values for the max # of Tx port in one resource is 
{2, 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 (including both channel and NZP-CSI-RS based interference measurement) is:
{from 2 to 256}

	

	16-3a-2
	Support of parameter combinations 7-8
	Support of parameter combinations 7-8
	16-3a
	Yes
	N/A
	
	Per band
	N
	N
	N
	Yes/no
	

	16-3a-3
	Support of rank 3,4
	Support of rank 3,4
	16-3a
	Yes
	N/A
	
	Per band
	N
	N
	N
	Yes/no
	

	16-3a-4
	CBSR
	ALT 1) Support CBSR with soft amplitude restriction (capture consequence if not supported  hard amplitude restriction is supported)
ALT 2) CBSR
	16-3a
	Yes
	N/A
	
	Per band
	N
	N
	N
	Yes/no. 
If no, only CBSR with hard amplitude restriction is supported.
	

	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) 
3. Support of rank 1,2
	TBD
	Yes
	N/A
	Not support port selection eType II codebook
	FFS: Per band or Per band per BCPer band and per BC
	NN
	NN
	N
	Component-1:
Maximum size of the list is 16.
The candidate values for the max # of Tx port in one resource is 
{2, 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 (including both channel and NZP-CSI-RS based interference measurement) is:
{from 2 to 256}

	

	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
	Yes
	N/A
	
	Per band
	
	
	
	Maximum size of the list is 16.
The candidate values for the max # of Tx port in one resource is 
{2, 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 (including both channel and NZP-CSI-RS based interference measurement) is:
{from 2 to 256}

	

	16-3b-2
	Support of rank 3,4
	Support of rank 3,4
	16-3b
	Yes
	N/A
	
	Per band
	
	
	
	Yes/no
	

	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
	2-35
	Yes
	N/A
	
	[Per band]
	
	
	
	candidate values: {1, 2, 3, 4}
	

	16-8
	Active CSI-RS resources and ports for mixed codebook types in any slot
	FFS: the detailed component design
	2-36, 2-40, 2-41,2-43
	Yes
	N/A
	
	
	
	
	
	
	



With regarding to the granularity of 16-3a/16-3b/16-3a-1/16-3b-1, similar with the latest discussion over UE capabilities of FG2-33/36/40/41/43, they shall be per band and also per BC to avoid potential issue of under-reporting in the case of inter-band CA.  Such potential issue has been extensively discussed in Rel-15 and Rel-16, and has been addressed by LS shown in R1-2002900.

Proposal 4: The granularity of 16-3a/16-3b/16-3a-1/16-3b-1 is per band and per BC. 

For further details of 16-8, it is preferred to support a list of triplets of {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} across supported codebook type simultaneously. And such a list is per BC. In our view, 16-8 does not need to differentiate how supported codebook types are jointly supported simultaneously, e.g. Rel-15 type I + Rel-15 type II or Rel-15 type I +Rel-16 Type II. For each individual codebook type from each release, the UE will report UE capability independently associated each codebook type. In addition, 16-8 will constraint the NW behaviour across all codebook types supported by a UE. 

As an example, assuming that a UE may report triplets as following  
· Codebook type 1: {P1, R1, T1} per BC
· Codebook type 2: {P2, R2, T2} per BC
· 16-8: {P3, R3, T3} per BC
What the gNB can configure and measure at a given time slot n for all bands in that BC is that 
· Codebook type 1 by gNB: {P4  ≤ P1, R4 ≤ R1, T4≤ T1}, i.e. with respect to reported codebook type 1
· Codebook type 2 by gNB: {P5 ≤ P2, R5 ≤ R2, T5 ≤ T2}, i.e. with respect to reported codebook type 2
· Codebook type 1 and 2 at given time slot by gNB: {max{P4,P5} ≤ P3, (R4 + R5)  ≤ R3,  (T4 + T5)  ≤ T3}, i.e. with respect to reported 16-8
From the UE perspective, the UE has full freedom to report larger values as usual in Rel5 and Rel-16 for each individual codebook type, if there is no mixed usage of multiple codebook types. In case that the gNB may configure different codebook types, e.g. simultaneous measurement with type I codebook for normal CSI and type II codebook for high-resolution CSI, 16-8 will help and can be slightly more aggressive. In 16-8, the UE does not need to assume that solely type II codebook is used at the slot. The list of triplets in 16-8 will provide more precise control and information for the usage of mixed codebook types in any slot, even with limited UE CSI processing budget. The concept wise is similar with FG2-33/36/40/41/43 which will count across multiple resources with the same codebook type. FG 16-8 will count across multiple resources with different codebook types. 

Proposal 5:  In 16-8, the UE shall report a list of triplets per BC, each of which is {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports}, across all codebook types supported by that UE. 


Feature group: Low PAPR DMRS
Proposed revisions can be found as follow: 

	16-4
	Low PAPR DMRS for DL
	Low PAPR DMRS for PDSCH
	FFS
	
	N/A
	
	[Per UE]
	No
	No
	
	
	[Optional]

	16-6a
	Low PAPR DMRS for PUSCH without transform precoding
	1. For PUSCH without transform precoding
	FFS
	Yes
	N/A
	Yes
	FFS: Per band
	N/A
	N/A
	
	
	FFS: Optional with capability signalling

	16-6b
	Low PAPR DMRS for PUCCH
	For PUCCH format 3 and[/or] PUCCH format 4, [if capable,] with transform precoding and with pi/2 BPSK modulation
	[FG 1-7, 4-4, 4-5]
	
	N/A
	
	FFS: Per band
	No
	No
	
	
	FFS: Optional with capability signalling

	16-6c
	Low PAPR DMRS for PUSCH with transform precoding and with pi/2 BPSK
	For PUSCH with transform precoding and with pi/2 BPSK modulation
	FFS
	Yes
	N/A
	Yes
	FFS: Per band
	N/A
	N/A
	
	
	FFS: Optional with capability signalling



The feature should be per band reporting. Since different band may have different requirement on DMRS sequences, the design of the UE capability should leave the flexibility of DMRS sequences on different band. Furthermore, the low PAPR DMRS sequences in Rel16 is CDM group based, i.e., different CDM group require separate sequence generation, which is more complicated than Rel-15 DMRS sequence generation. It is beneficial to have the feature as per band to let UE balance the complexity.

Proposal 6: The FG for 16-4 and 16-6a/b/c should be per band reporting.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Feature group: Power-efficient UL transmission

Proposed revisions can be found as follow: 




	16-5a
	UL full power transmission [mode 0]
	1. Supported UL full power transmission [mode 0]
	2-13, 2-14
	Yes
	N/A
	Yes
	FFS: Per FS or Per band or Per band per BC
	N/A
	N/A
	
	
	FFS

	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}]
1. [New UL codebook set(s) per supported Tx]
	2-13, 2-14
	
	N/A
	
	FFS: Per FS or Per band or Per band per BC
	No
	No
	
	
	FFS

	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]
	2-13, 2-14
	
	N/A
	
	FFS: Per FS or Per band or Per band per BC
	No
	No
	
	
	FFS




For 16-5b in current version, candidate values, e.g. 2Tx_4Tx for component-2, need to be clarified. Since in transmission Mode-1, it is assumed with no virtualization so that 2Tx_4Tx has no use.

Proposal 7: For FG 16-5b “UL full power transmission mode 1”, 
· Candidate values for component “Number of Tx to support mode 1” should be clarified.

For 16-5c, there is a discussion on whether to keep the single row as it is or split into two rows for Model-2. From the discussion, if split as two FGs, the SRS virtualization (SRS resources with different number of ports), and TPMIs for full power transmission will be two separate FGs. During the RAN1 discussion, there are only two solutions defined as Mode-1 and Mode-2, i.e., Mode-2 is a complete solution for full power transmission, but not two separate schemes. The SRS visualization and full power TPMIs are the two parts of Model-2 solution. In the following, we explain how to use the Mode-2 for full power transmission.
As an example, UE is with 20+20+20+17dBm PAs, then UE may report to support two SRS resources with different number of ports (for SRS virtualization), and UE also report the full power TPMIs, such as [1 0] for 2-port and TPMI group G3 for 4-port. Then, NW will understand how to configure and schedule to UL full power transmission. E.g., gNB configure a 2-port SRS resource and a 4-port SRS resource, then schedule TPMI [1 0] and [1 0; 0 1] for rank-1 and rank-2 full power transmission, or schedule [1 0 0 0; 0 1 0 0; 0 0 0 1] and [1 0 0 0; 0 1 0 0; 0 0 1 0; 0 0 0 1] for rank-3 and rank-4 for full power transmission. In the example, we can see that the SRS resources with different number of ports (SRS virtualization) and full power TPMIs are two parts for Model-2, but not separate solutions.
It is worth noting that UE may only support one of components, i.e., only support multiple SRS resources with different ports, or only support full power TPMIs. The mentioned cases are just special use cases for Model-2, while the two components can be optional in the FG of Mode-2. Actually, in Rel-15 FGs, there are similar design in TS38.331, such as following components in a FG, where the components can be optional in a FG:
SRS-SwitchingTimeNR ::= SEQUENCE {
    switchingTimeDL         ENUMERATED {n0us, n30us, n100us, n140us, n200us, n300us, n500us, n900us}  OPTIONAL,
    switchingTimeUL         ENUMERATED {n0us, n30us, n100us, n140us, n200us, n300us, n500us, n900us}  OPTIONAL

Proposal 8: For FG 16-5c, one FG for Mode-2 with two components are preferred. 

For component-6, since the full coherent UEs were agreed to support full power transmission in RAN1-100b-e meeting:
· A full coherent capable UE, depending on its capability, can also report Rel-16 UL full power transmission capability
So, the case of full-coherent UEs should be included for full power TPMIs reporting, while the TPMIs for full-coherent are the same with partial-coherent UEs. By the way, multiple SRS resources with different number can be configured for different virtualization, so UE may report both a 2-port TPMI Group and a 4-port TPMI group.
So, the detailed candidate values should be:
2 ports (bitmap): {None, [1,0], [0,1], or Both [1,0] and [0,1]}; and/or
4 ports: None coherent: {None, G0, G1, G2, or G3}, or Partial/Full coherent: {None, G0, G1, G2, G3, G4, G5, G6};

Proposal 9: For FG 16-5c component-6, the detailed reporting should be:
· 2 ports (bitmap): {None, [1,0], [0,1], or Both [1,0] and [0,1]}; and/or
· 4 ports: None coherent: {None, G0, G1, G2, or G3}, or Partial/Full coherent: {None, G0, G1, G2, G3, G4, G5, G6};
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