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After RAN1#99 meeting, all the Rel-16 RAN1-led WIs have been declared as finished. To facilitate the UE features discussion, two email discussions on NR and LTE Rel-16 UE features were agreed to collect companies’ inputs to update the current UE feature list. In this contribution, we give our views on NR eMIMO UE features.
Discussion on each feature group
In this section, each of the MIMO feature groups is discussed and the corresponding proposed updates are done in the UE feature table shown in the Appendix.
16-1: Multi-beam operation
The following includes more detailed comments for features of 16-1 multi-beam operation.
Component-2 in 16-1a: FFS: Support of group-based reporting for L1-SINR 
Group-based reporting has been agreed to be supported optionally in Rel-16. The following modification for the component shall be made, in order to support a UE capability reporting of support of group-based reporting for L1-SINR. Further, it should be a separate  feature group from maximum number of ZP-IMR or NZP-IMR configuration for a normal L1-SINR reporting, which is the requirement for both group or non-group based L1-SINR reporting.
“2.	FFS: Support of group-based reporting for L1-SINR”
Proposal 1: Split FG16-1a into two FGs separately, and support a capability reporting of support of group-based reporting.
16-1b: TCI state activation and spatial relation update
The motivation for “maximum number of Simultaneous TCI state activation across multiple CCs/Simultaneous spatial relation update across multiple CCs/PUCCH resource groups per BWP for simultaneous spatial relation update” is unclear. Considering the flexibility of TCI/spatial relation configuration and backward compatibility for Rel-15 UE, we suggest to define this FG as whether to support these features directly rather than the maximum values, and the maximum values are based on the existing agreements or Rel-15 UE capability reporting for active TCI/spatial relation in a single CC.
· The maximum number of simultaneous TCI state activation across multiple CCs is determined according to Component 2-4: TCI states for PDSCH.
· The maximum number of simultaneous spatial relation update across multiple CCs is determined according to Component 2-59: Configured spatial relations. 
· The maximum number of PUCCH resource groups is 4 according to agreements.
Besides, considering that the above three features are independent, FG-16-1b should be split into three FGs separately.
16-1d: [Support of / The maximum number of] spatial relation update for AP-SRS via MAC CE
It is confusing about "the maximum number" of spatial relation update for AP-SRS. We prefer to update the component as "Support of spatial relation update for AP-SRS via MAC CE" as we do for other components for TCI/spatial relation update.
· For component 16-1d, the maximum number of spatial relation update for AP-SRS via MAC CE is based on the recent Component 2-59: Configured spatial relations.
16-1e: Pathloss reference RS activation via MAC CE
We prefer to have a fixed value for maximum number of activated pathloss reference RS(s) rather than according to UE capability. As a baseline, up to 4 activated pathloss reference RS(s) can be supported mandatory without capability signaling, which is the same as in Rel-15.
Component-5 in 16-1f: FFS: Support of PUCCH-BFR
The support of PUCCH-BFR shall be mandatory with capability signaling for FR2 and optional for FR1 (as we did for PCell-BFR), in order to guarantee the effectiveness/low-latency of SCell-BFR. Hence, this component 5 in 16-1f should be removed, and the UE supporting the basic feature group FG 16-1f should support both SR based and PUCCH based-BFR. 
Component-7 in 16-1f: FFS: Density of CSI-RS for new beam identification for SCell BFR
For frequency density of CSI-RS for SCell BFR, we prefer to align it with PCell-BFR, i.e., there is not any further restriction for frequency density of CSI-RS for SCell BFR.
16-2: Multi-TRP
In FG16-2a: Support of out of order
Regarding the component 4-6 about out of order operation in FG 16-2a, we think they should be basic components. Once Multi-DCI is supported by UE, out of order operation for PDCCH to PDSCH, PDSCH to HARQ-ACK and PDCCH to PUSCH must be supported because of independent scheduling between two TRPs. Otherwise, it is impossible for gNB to implement MTRP in the case of non-ideal backhaul which is the typical scenario for Multi-DCI based MTRP. Therefore, the component 4-6 in FG16-2a, i.e. out of order operation for PDCCH to PDSCH, PDSCH to HARQ-ACK and PDCCH to PUSCH should be the basic components.
In FG16-2a: Support of two PDSCH scrambling sequences
Individual capability report is not needed for the support of two scrambling IDs. The support of two scrambling IDs is the basic feature for Multi-DCI base MTRP. Two PDSCH can be from two TRPs which may belong to different cells. So whether to support separate scrambling ID just depends on the support of  FG 16-2a. Therefore, we propose to make this component be the basic component.
In FG16-2a: Support of separate HARQ-ACK
Both separate and joint ACK/NACK feedback are agreed in Rel-16, one of them should be the basic component. Otherwise, M-DCI based MTRP cannot work if UE does not support both. Because the main scenario is non-ideal backhaul for M-DCI based MTRP, we suggest to make the optional component 4, i.e. support of separate feedback be the basic component.
Merge 16-2b-1 and 16-2b
We think 16-2b-1, i.e., the support of SDM scheme, should be merged into 16-2b. Further, the support of DCI indicating 2 TCI states by a codepoint and DMRS ports within two CDM groups and the support of DMRS entry {0,2,3} should be basic components in the merged FG. The reason is that SDM scheme is the basic functionality of single DCI based MTRP based on Rel-16 discussion, and other schemes including FDM and TDM schemes have been agreed as optional features for single-DCI based MTRP. If UE reports not to support any of these schemes, 16-2b is not supported as well. Further, there is no RRC signaling to disable SDM scheme if UE supports two TCI states indicated by one codepoint. Hence we have the following proposal. It is okay to put the support of two PTRS as an optional feature for FR1, but this feature should be mandatory with capability signaling if 16-2b is supported.
Proposal 2: Merge 16-2b-1 into 16-2b. The support of DCI indicating 2 TCI states by a codepoint and DMRS ports within two CDM groups and the support of DMRS entry {0,2,3} should be basic components in the merged FG.
In 16-2b: Support of MAC CE to activate multiple TCI states for a TCI codepoint
To activate two TCI states for one TCI codepoint is a basic feature to implement single-DCI based multi-TRP transmission. Without this feature, multi-TRP transmission cannot be implemented. Hence we think the “FFS” should be removed as: FFS: Support of MAC CE to activate multiple TCI states for a TCI codepoint.
16-3 eType II codebook
Since it is agreed that eType II codebook and eType II port selection codebook will have separate UE capabilities, it makes more sense to have separate feature groups for eType II and eType II port selection, which is same as Rel-15.
Proposal 3: Split 16-3 into two separate feature groups: eType II and eType II port selection.
Number of PMI sub-bands in 16-3a and 16-3b
We have the following agreement in RAN1#99.
Agreement
On the # of PMI subbands: 
· Mandatory support for R=1
· Optional support for N3>19
FFS: whether it is mandatory or optional for R=2 and N3<=19
· To be discussed during the Rel-16 UE capabilitity discussions
Following the above agreement, the decision is to choose from the following two alternatives. 
· Alt 1: R=2 and N3<=19 is mandatory if eType-II codebook is supported
· Alt 2: R=2 and N3<=19 is optional if eType-II codebook is supported
The selection between the above two alternatives is also related to the detailed parameter for this component. 
· If Alt 1 is selected, it implies that N3<=19 is mandatory regardless of R, and N3>19 is optional. Then the UE capability parameter should be N3. 
· Otherwise, R=1 is mandatory, whereas R=2 is optional. Then the UE capability parameter should be R.
The UE complexity on supporting large number of N3 is caused by the hardware (e.g., computation complexity and buffering) limits. 
· Since Rel-15 sub-band reporting has already required 19 sub-bands, supporting N3 <= 19 now should have no extra UE complexity compared with what we already have for Rel-15 commercial UEs. Furthermore, for N3<=19, NW can still realize the performance gain from R=2 for CQI sub-band number < 10. Especially for large CQI sub-band size cases(e.g. 16 and 32), which may not need to configure more than 10 CQI sub-bands, allowing R=2 configuration will significantly improve compression efficiency. Hence to make N3<=19 mandatory will make the best utilization of current UE hardware resource limits and allow more NW flexibility for small CQI sub-band number.
· For N3>19, we can depend on UE capability signaling to further realize the performance gain of R=2 for large bandwidth in future. 
Considering the above, we think Alt 1 is a better trade-off between UE complexity and NW performance than Alt 2. In addition, in the Rel-16 Type II CSI framework, one-step FD indicator is used for N3<=19, and two-step FD indicator is used for N3>19. Hence Alt 1 can avoid mandatory UEs implement two different schemes and align with the general design principle for eType-II CSI. 
Therefore, UE signals the maximum N3 value for this component. This value shall be larger than 19. It also makes sense to have this signaling jointly reported with the maximum number of CSI-RS ports per resource, the maximum number of active CSI-RS resources per band and the maximum number of active CSI-RS ports per band. All these parameter are related to the hardware resource UE needs to prepare for computing eType II or eType II port selection CSI.
Proposal 4: On the number of PMI subbands, UE signals the maximum N3 value, which shall be larger than 19. Support to report it jointly with the maximum number of CSI-RS ports per resource, the maximum number of active CSI-RS resources per band and the maximum number of active CSI-RS ports per band.
Supported codebook parameter combinations
It has agreed previously that for regular eType II, codebook parameter combinations 1-6 are basic components, and codebook parameter combination 7-8 is optional. It is not reflected in the current UE feature list.
Supported ranks
In current UE feature list, there is a basic component for eType II and eType II PS called rank restriction. We believe it is a mistake to have it here. What should be here is the support of rank 1 and 2, since we have agreed that rank 1 and 2 are basic, and rank 3 and 4 are optional.
Maximum number of AP CSI settings
It has been agreed that the maximum number of AP CSI settings for one BWP is increased from 4 to 8. It is not related to either eType II or eType II port selection. Hence we suggest to add one more FG 16-3c to indicate the support of maximum 8 AP CSI report settings for one BWP, and it does not reply on the support of eType II or eType II port selection.
16-5 Power-efficient UL transmission
We have the following views on the detailed components in this feature group.
16-5a/5b/5c:	Number of Tx to support mode 0/1/2: {2Tx, 4Tx, 2Tx_4Tx}
As a basic principle, for full Tx power transmission, the corresponding PUSCH power scaling factor and extension of UL codebook should be determined only according to the full Tx mode and TPMI-group reporting for full Tx power in mode2. The motivation for “16-5a/5b/5c:	Number of Tx to support mode 0/1/2: {2Tx, 4Tx, 2Tx_4Tx}” is unclear with the following analysis, and those three components also strongly restrict the flexibility of gNB configuration. 
· For mode 0, all PAs of the UE shall support full Tx power, regardless of 2Tx, or 4Tx.
· For mode 1, the scaling factor is the same as Rel-15, and only extension of the UL codebook is supported herein. It does not make sense that the extension of codebook is only applied to a specific number of Tx. 
· For mode 2, this component is also redundant, considering that the component 16-5-6: TPMI group which delivers full power can fully provide the UE capability of which TPMIs can support full power.
Component-3 in 16-5b: FFS: New UL codebook set(s) per supported Tx
The new UL codebook set(s) are fixed as specified in current specification. Consequently, the bullet should be removed. The new UL codebook sets should be supported if mode 1 is supported.
Component-4 in 16-5c: FFS: Number of ports per SRS resource
We are not sure why this component is needed. The motivation is not clear to us.
Component-5 in 16-5c: FFS: Maximum number of different spatial relation info for all SRS resources for usage set to ‘codebook’ in a resource set
We think this component is needed. We can consider the candidate values of "1", "2" or "4" for this component.
16-6a low PAPR RS for PUSCH
Since the design on Low PAPR DMRS for CP-OFDM and for DFT-S-OFDM are completely different, we think FG 16-6a should be split into two FGs. One is for CP-OFDM, the other is for DFT-S-OFDM. 
The reason is that for CP-OFDM, the enhanced low PAPR DMRS is still inserted in frequency domain, the only change compared with Rel-15 is just on sequence initialization. 
However, for DFT-S-OFDM, the enhanced low PAPR DMRS is inserted in time domain. Then, DFT process is needed to transform DMRS from the time domain to the frequency domain. The final DMRS sequence in frequency domain is not constant amplitude anymore. Hardware implementation change at both gNB side and UE side may be needed for this feature group. Some UEs with less capability maybe only support the new DMRS for CP-OFDM. 
Therefore, we suggest to report the UE capability separately on low PAPR DMRS with and without transform precoding. 
Proposal 5: Split FG16-6a into two FGs separately for CP-OFDM and DFT-s-OFDM.

Conclusion
In this contribution, the following proposals on NR Rel-16 MIMO UE features are given.
Proposal 1: Split FG16-1a into two FGs separately, and support a capability reporting of support of group-based reporting.
Proposal 2: Merge 16-2b-1 into 16-2b. The support of DCI indicating 2 TCI states by a codepoint and DMRS ports within two CDM groups and the support of DMRS entry {0,2,3} should be basic components in the merged FG.
Proposal 3: Split 16-3 into two separate feature groups: eType II and eType II port selection.
Proposal 4: On the number of PMI subbands, UE signals the maximum N3 value, which shall be larger than 19. Support to report it jointly with the maximum number of CSI-RS ports per resource, the maximum number of active CSI-RS resources per band and the maximum number of active CSI-RS ports per band.
Proposal 5: Split FG16-6a into two FGs separately for CP-OFDM and DFT-s-OFDM.
Based on these proposals, an updated UE feature list on MIMO is provided in the Appendix. The principle is that each FG is associated with one supported feature.
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Appendix: NR_eMIMO

	Features
	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. NR_eMIMO



	16-1
	Multi-beam operation 
	The components in FG 16-1 are separated into individual FGs from 16-1a to 16-1g as follows.
	
	
	
	
	
	
	
	
	
	Optional

	
	16-1a
	L1-SINR reporting
	1. The maximum number of L1-SINR based beam measurement and reporting based on ZP IMR and/or NZP IMR (FFS details on the sub-components, e.g., FG 2-24)
1. FFS: Support of group-based reporting for L1-SINR
	TBD 
	
	N/A
	
	TBD
[Per band]
	N
	N
	
	
	TBD

	
	16-1b-1
	TCI state activation and spatial relation update
	1. [Support of / maximum number of lists for] Simultaneous TCI state activation across multiple CCs: PDCCH, PDSCH (FFS whether to be a separate UE feature, e.g. 16-1b)
1. [Support of / maximum number of lists for] Simultaneous spatial relation update across multiple CCs: AP-SRS, SP-SRS
1. [Support of / The maximum number of] PUCCH resource groups per BWP for simultaneous spatial relation update
1. FFS: details on whether/how to indicate band pairs which can share the same DL TCI state
1. FFS: details on whether/how to indicate band pairs which can share the same UL spatial relation info
	Component 1: 2-1, 2-4
Component 2: 2-59, 2-60
Component 3: 2-53, 2-59, 4-24
	
	N/A
	
	TBD
[Per BC or per band]
	N
	Y
	
	
	TBD

	
	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
	
	TBD
[Per BC or per band]
	N
	Y
	
	
	TBD

	
	16-1b-3
	Spatial relation update for PUCCH group
	Support of PUCCH resource groups per BWP for simultaneous spatial relation update
	2-53, 2-59, 4-24
	
	N/A
	
	TBD
[Per BC or per band]
	N
	Y
	
	
	TBD

	
	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
	2-53, 2-59
	
	N/A
	
	TBD
[Per band]
	N
	Y
	
	
	TBD

	
	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 (FFS whether to be a separate UE feature, e.g. 16-1c)
	2-53, 2-59
	
	N/A
	
	TBD
[Per UE]
	N
	N
	
	
	TBD

	
	16-1e
	Pathloss reference RS activation via MAC CE
	1. The support of pathloss reference RS activation for PUSCH/SRS/PUCCH via MAC CE The maximum number of configured pathloss reference RSs for PUSCH/SRS/PUCCH via MAC CE by RRC for MAC-CE based pathloss reference RS update (FFS whether to be a separate UE feature, e.g. 16-1c)
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] (FFS whether to be a separate UE feature, e.g. 16-1c)
1. FFS: Number of measurement samples N to apply newly activated pathloss reference RS
	8-2, 8-3
	
	N/A
	
	TBD
[Per UE]
	N
	N
	
	
	TBD

	
	16-1f
	SCell beam failure recovery
	1. The maximum number of SCells for SCell beam failure recovery  (FFS whether to be a separate UE feature, e.g. 16-1d)
1. FFS: Support of PUCCH-BFR (FFS whether to be a separate UE feature, e.g. 16-1d)
1. 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] (FFS to replace this component to 14)
1. FFS: Densigy Density of CSI-RS for new beam identification for SCell BFR 
	2-31
	
	N/A
	
	TBD
	N
	
	
	
	TBD

	
	16-1g
	FFS: Resources for beam management, pathloss measurement, and BFR
	1. FFS: The maximum number of SSB/CSI-RS resources 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 across all CCs for pathloss measurement
1. FFS: The maximum number of SSB/CSI-RS resources across all CCs for BFD
1. FFS: The maximum number of SSB/CSI-RS resources across all CCs for new beam identification
	
	
	N/A
	
	TBD
	N
	
	
	
	TBD

	
	16-1h
	Group-based reporting for L1-SINR
	Support of group-based reporting for L1-SINR
	16-1a
	
	
	
	
	
	
	
	
	

	
	16-2
	Multi-TRP operation 
	The previous components in FG 16-2 are separated into individual FGs from 16-2a to 16-2b-5 6 as follows.
	TBD
	
	N/A
	
	TBC
[Per band]
	N
	TBD
	
	
	TBD

	
	16-2a
	Multi-DCI based multi-TRP
	Basic components:
1. The maximum number of CORESETs configured per “PDCCH-Config”
1. The maximum number of CORESETs configured per CORESETPoolIndex ( if CORESETPoolIndex is not configured, it is assumed CORESETPoolIndex = 0) per “PDCCH-Config”
1. The value of R=[1,2] for BD/CCE
1. Support of fully/partially time/frequency overlapped PDSCH reception (PDSCHs overlapping  types in time and frequency domain)
1. Support of out-of-order operation for PDCCH to PDSCH (FFS whether to be a basic component)
1. Support of out-of-order operation for PDSCH to HARQ-ACK (FFS whether to be a basic component)
1. Support of out-of-order operation for PDCCH to PUSCH (FFS whether to be a basic component)
1. FFS: The maximum number of activated TCI states
1. FFS: The maximum number of MIMO layers of scheduled PDSCHs
1. FFS: the maximum number of CCs supporting multi-DCI based multi-TRP 
1. Support of two PDSCH scrambling sequences per serving cell
1.  Support of separate HARQ-ACK

Optional components:
1. 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
1. FFS: Support of two PDSCH scrambling sequences per serving cell
1. Support of default QCL assumption per CORESETPoolIndex
1. Support of separate HARQ-ACK
1. Support of joint HARQ-ACK
1. Support of two TDMed long PUCCHs in a slot

	TBD
	
	N/A
	
	TBD [per band / per FSPC]
	N
	TBD
	
	
	TBD

	
	16-2a-1
	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, TBD
	
	N/A
	
	TBD [per band / per FSPC]
	N
	TBD
	
	
	TBD

	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	16-2a-3
	Default QCL enhancement fr multi-DCI based multi-TRP
	Support of default QCL assumption per CORESETPoolIndex

	16-2a, TBD
	
	N/A
	
	TBD [per band / per FSPC]
	N
	TBD
	
	
	TBD

	
	16-2a-4
	Joint HARQ-ACK for multi-DCI based multi-TRP
	1. 
2. Support of joint HARQ-ACK
3.  
4. 

	16-2a, TBD
	
	N/A
	
	TBD [per band / per FSPC]
	N
	TBD
	
	
	TBD

	
	16-2a-5
	Two TDMed long PUCCHs in a slot
	Support of two TDMed long PUCCHs in a slot
	16-2a
	
	
	
	
	
	
	
	
	

	
	16-2b
	Single-DCI based multi-TRP
	Basic component(s):
1. FFS: Support of MAC CE to activate multiple TCI states for a TCI codepoint
1. Support of  DCI indication of of 2 TCI states by a codepoint and DMRS ports within two CDM groups
1. Support of DMRS entry {0, 2, 3}
1. 
1. FFS: Number of CCs supporting single-DCI based multi-TRP operation

Optional components:
1. Support of default QCL assumption with two TCI states
	TBD
	
	N/A
	
	
	N
	TBD
	
	
	TBD

	
	16-2b-1
	Two PTRS ports for single-DCI based multi-TRPSingle-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
1. Whether supporting two PTRS ports
1. FFS Support of DMRS entry {0, 2, 3}
1. 
	16-2b, TBD
	
	N/A
	
	
	N
	TBD
	
	
	TBD

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

	16-2b, TBD
	
	N/A
	
	
	N
	TBD
	
	
	TBD

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

	16-2b, TBD
	
	N/A
	
	TBD [per FSPC]
	N
	TBD
	
	
	TBD

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

	16-2b, TBD
	
	N/A
	
	
	N
	TBD
	
	
	TBD

	
	16-2b-5
	Single-DCI based inter-slot TDM
	1. Support of RepNumR16 in PDSCH-TimeDomainResourceAllocation and the maximum value of RepNumR16 
1. Supported maximum TBS size according to RepNumR16 in PDSCH-TimeDomainResourceAllocation
1. FFS: TCI state mapping to PDSCH transmission occasions (Cyclical mapping  or Sequential mapping)
	16-2b, TBD
	
	N/A
	
	
	N
	TBD
	
	
	TBD

	
	16-2b-6
	Default QCL enhancement fr single-DCI based multi-TRP
	Support of default QCL assumption with two TCI states
	16-2b, TBD
	
	N/A
	
	
	N
	TBD
	
	
	TBD

	
	16-3
	eType-II codebook 
	The components in FG 16-3 are separated into individual FGs from 16-3a and to 16-3b-4 as follows.
	TBD
	
	N/A
	
	FFS: Per band or Per band per BC
	N
	N
	
	
	Optional

	
	16-3a
	Regular eType-II
	Basic components:
1. FFS: {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} to support regular eType-II
1. 8 Support of parameter combinations (FFS: Value of L per the number of antenna ports)1-6
1. Number of PMI sub-bands (R=1 is mandatory, FFS: R=2 is mandatory or optional) Support of PMI sub-bands with value N3<=19R=1
1. Rank restriction1 and 2
1. FFS: UCI omission

Optional components
1. Number of PMI sub-bands (R=1 is mandatory, FFS: R=2 is mandatory or optional) Support of PMI sub-bands with R=2
1. Rank 1 to 4 Support of rank 3,4
1. CBSR 
1. FFS: The maximum number of configured aperiodic CSI Report Settings
1. FFS: Support of mixed codebook types
1. 
	TBD
	
	N/A
	
	FFS: Per band or Per band per BC
	N
	N
	
	
	Optional

	
	16-3a-1
	CSI-RS and number of PMI subbands for eType-II
	For regular eType-II: 
A list of supported combinations, each combination is {Max # of Tx ports in one resource, Max # of resources across all CCs simultaneously, total # of Tx ports across all CCs simultaneously, Max # of PMI subbands N3}, where N3>=19

 

	16-3a, TBD
	
	N/A
	
	FFS: Per band or Per band per BC
	N
	N
	
	
	Optional

	
	16-3a-2
	Rank for eType-II
	Support of rank 3,4 for regular eType-II
	16-3a, TBD
	
	N/A
	
	FFS: Per band or Per band per BC
	N
	N
	
	
	Optional

	
	16-3a-3
	CBSR for eType-II
	Support of CBSR for regular eType II
	16-3a, TBD
	
	N/A
	
	FFS: Per band or Per band per BC
	N
	N
	
	
	Optional

	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	16-3a-4
	Codebook parameter combination 7-8 for eType II
	Support of codebook parameter combinations 7-8
	16-3a, TBD
	
	
	
	
	
	
	
	
	

	
	16-3a-5
	FFS: Mixed codebook type for eType-II
	FFS: Support of mixed codebook types
	16-3a, TBD
	
	N/A
	
	FFS: Per band or Per band per BC
	N
	N
	
	
	Optional

	
	16-3b
	Port selection eType-II
	Basic components:
1. FFS: {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} to support regular eType-II
1. 6 parameter combinations (combos with L=6 don’t apply) (FFS: Value of L per the number of antenna ports)
1. Number of PMI sub-bands (R=1 is mandatory, FFS: R=2 is mandatory or optional) Support of PMI sub-bands with value R=1N3<=19
1. Rank restriction
1. FFS: UCI omission

Optional components:
1. Number of PMI sub-bands (R=1 is mandatory, FFS: R=2 is mandatory or optional) Support of PMI sub-bands with R=2
1. Rank 1 to 4 Support of rank 3,4
1. FFS: The maximum number of configured aperiodic CSI Report Settings
1. FFS: Support of mixed codebook types

	TBD
	
	N/A
	
	FFS: Per band or Per band per BC
	N
	N
	
	
	Optional

	
	16-3b-1
	CSI-RS and number of PMI subbands for port selection eType-II
	For port selection eType-II: 
A list of supported combinations, each combination is {Max # of Tx ports in one resource, Max # of resources across all CCs simultaneously, total # of Tx ports across all CCs simultaneously, Max # of PMI subbands N3}, where N3>=19


	16-3b, TBD
	
	N/A
	
	FFS: Per band or Per band per BC
	N
	N
	
	
	Optional

	
	16-3b-2
	Rank for port selection eType-II
	Support of rank 3,4 for port selection eType-II
	16-3b, TBD
	
	N/A
	
	FFS: Per band or Per band per BC
	N
	N
	
	
	Optional

	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	16-3b-4
	FFS: Mixed codebook type for port selection eType-II
	FFS: Support of mixed codebook types
	16-3b, TBD
	
	N/A
	
	FFS: Per band or Per band per BC
	N
	N
	
	
	Optional

	
	16-3c
	Number of AP-CSI report settings per BWP
	Support up to 8 configured aperiodic CSI report setting per BWP
	TBD
	
	
	
	
	
	
	
	
	

	
	16-4
	Low PAPR DMRS for DL
	Low PAPR DMRS for PDSCH
	TBD 
	
	N/A
	
	Per UE
	N
	N
	
	
	[Optional]

	
	16-5
	Power-efficient UL transmission
	UL full power transmission (mode [0], 1, 2)
1. Supported UL full power transmission mode ([mode 0], mode 1, mode 2, [mode1AndMode2])
1. FFS: New UL codebook set(s) per supported mode
1. The maximum number of SRS resources in set with different number of ports [for usage set to ‘codebook’]
1. FFS: Number of ports per SRS resource
1. FFS: Maximum number of different spatial relationship info for all SRS resources for usage set to ‘codebook’ in a resource set
1. TPMI group which delivers full power
Note: UE indicating mode 2 shall support full power transmission for 1 antenna port

The components in FG 16-5 are separated into individual FGs from 16-5a to 16-5c as follows.
	 [2-13, 2-14] for #1-#3
	
	N/A
	
	Per UE
	N
	N
	
	
	TBD 

	
	16-5a
	UL full power transmission mode 0
	1. Supported UL full power transmission [mode 0]
1. Number of Tx to support mode 0: {2Tx, 4Tx, 2Tx_4Tx}
	2-13, 2-14
	
	N/A
	
	FFS: Per FS or Per band or Per band per BC
	N
	N
	
	
	TBD

	
	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. FFS: New UL codebook set(s) per supported mode per supported Tx
	2-13, 2-14
	
	N/A
	
	FFS: Per FS or Per band or Per band per BC
	N
	N
	
	
	TBD

	
	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
	N
	N
	
	
	TBD

	
	16-6
	Low PAPR DMRS for UL

	1. For PUSCH without transform precoding
1. For PUSCH with transform precoding and with pi/2 BPSK modulation
1. For PUCCH format 3 and/or PUCCH format 4 with transform precoding and with pi/2 BPSK modulation

The components in FG 16-6 are separated into individual FGs 16-6a and 16-6b as follows.
	TBD for #1-#3

	
	N/A
	
	Per UE
	N
	N
	
	
	TBD

	
	16-6a
	Low PAPR DMRS for PUSCH without transform precoding
	For PUSCH without transform precoding
1. For PUSCH with transform precoding and with pi/2 BPSK modulation

	TBD
	
	N/A
	
	FFS: Per band
	N
	N
	
	
	 FFS: Optional with capability signalling

	
	16-6b
	Low PAPR DMRS for PUCCH
	For PUCCH format 3 and/or PUCCH format 4 with transform precoding and with pi/2 BPSK modulation 
	TBD
	
	N/A
	
	FFS: Per band
	N
	N
	
	
	 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

	TBD
	
	N/A
	
	FFS: Per band
	N
	N
	
	
	  FFS: Optional with capability signalling

	
	
	
	
	
	
	
	
	
	
	
	
	
	




