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1 Introduction

This document was drafted by the moderator of the agenda item under the direction of the RAN1 Chairman following the below guidance whose purpose it serves:

	· May 18th – 22nd: preparation phase (not for Rel-17 SIs)

· May 18th – 19th: FLs to prepare summary

· May 20th – 22nd: FLs to lead the discussion identifying the set of email threads

· A single email thread is used for Rel-16 WIs with a total number of email thread budget (instead of per sub-agenda budget as for other WIs, as detailed in the next two slides)

· In the email approval phase, multiple email threads may be used (& announced accordingly)

· Note: PLEASE KEEP THE EMAIL DISCUSSION SCOPE PER EMAIL THREAD REASONABLE!
· Too much scope will force Chairman/Vice Chairman to step in to do the necessary cut down using the best judgement ( if so, no complaints please. 


All Sections except Section 3 were exclusively prepared by the moderator of the agenda item. Specifically, Section 2 is the moderator’s summary of contributions submitted to RAN1 #101-e in this agenda item according to the Chairman’s guidance. During the preparation phase, companies were given the opportunity to revise their views in the moderator’s summary in Section 2 using revision marks as shown below, if any. Section 3 was jointly drafted by the moderator and contributing companies during the preparation phase of RAN1 #101-e whereby companies present their views on the moderator’s proposals according to the Chairman’s guidance above in the respective tables. After conclusion of the preparation phase, the moderator submitted the final document as input to RAN1 #101-e with recommendations captured in Section 4.
2 Summary on UE features for eMIMO
The following table represents the latest version of the NR UE feature list for NR eMIMO [1].
	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

	
	16-1a-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
	
	
	
	
	Optional with capability signaling

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

Component-5 to 8, 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-10: candidate value set: 

{"not supported", "1 only", "3 only", "both 1 and 3"}

Component-11, 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
	2-53, 2-59, 4-24
	
	N/A
	
	[Per BC or per band]
	No
	Yes
	
	
	FFS

	
	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]
	[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

2. FFS: The maximum number of activated pathloss reference RS update for PUSCH/SRS/PUCCH [across CCs / within a slot across all CCs / per CC]
3. 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
	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]
2. FFS: The maximum number of SSB/CSI-RS resources within a slot across all CCs for pathloss measurement
3. FFS: The maximum number of SSB/CSI-RS resources within a slot across all CCs for BFD
4. FFS: The maximum number of SSB/CSI-RS resources across all CCs for new beam identification
	
	
	N/A
	
	FFS
	No
	
	
	
	FFS

	
	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
	FFS
	
	N/A
	
	[per band / per FSPC]
	No
	FFS
	
	
	FFS

	
	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 [merge with 16-2a? Merge with 16-2a-8?] [FR2 only?]
	
	
	
	
	
	
	
	
	
	

	
	16-2a-1
	Simultaneous 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-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
	
	
	
	
	
	
	
	
	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-4
	HARQ-ACK for multi-DCI based multi-TRP - separate
	1. Support of separate HARQ-ACK
2. [Support of two TDMed long PUCCHs in a slot]
	
	
	
	
	
	
	
	
	
	

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

	
	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-6
	Default QCL enhancement for multi-DCI based multi-TRP
	Support of default QCL assumption per CORESETPoolIndex
	
	
	
	
	
	
	
	
	
	

	
	16-2a-7
	Maximum number of activated TCI states
	1. Support of maximum per CORESETPoolIndex

2. Support of total maximum

FFS whether default values 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]
	
	
	
	
	
	
	
	
	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
	R=[(1,2] for BD/CCE
	
	
	
	
	
	
	
	
	
	

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

	
	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, FFS
	
	N/A
	
	Per band
	No
	FFS
	
	
	FFS

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


	16-2b, FFS
	
	N/A
	
	Per band
	No
	FFS
	
	
	FFS

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

	16-2b, FFS
	
	N/A
	
	 [per FSPC]
	No
	FFS
	
	
	FFS

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

	16-2b, FFS
	
	N/A
	
	Per band
	No
	FFS
	
	Component 2 candidate values {10 CBs, FFS}


	FFS

	
	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
4. FFS: TCI state mapping to PDSCH transmission occasions (Cyclical mapping  or Sequential mapping)
	16-2b, FFS
	
	N/A
	
	Per band
	No
	FFS
	
	Component 1 candidate values: {8,16}

Component 2 candidate values {10 CBs, FFS}


	FFS

	
	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
	FFS
	
	N/A
	
	FFS: Per band or Per band per BC
	No
	No
	
	
	Optional

	
	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) 

3. Support of rank 1,2
	FFS 


	
	N/A
	
	FFS: Per band or Per band per BC
	No
	No
	
	
	Optional

	
	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
	
	
	
	
	
	
	
	
	
	

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

	
	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
2. [Number of Tx to support mode 1: {2Tx, 4Tx, 2Tx_4Tx}]
3. [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
2. Number of Tx 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]
	2-13, 2-14
	
	N/A
	
	FFS: Per FS or Per band or Per band per BC
	No
	No
	
	
	FFS

	
	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

	
	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
	
	
	
	
	[Per band]
	
	
	
	
	

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


The following table is the moderator’s summary of contributions submitted to RAN1 #101-e in this agenda item.
	Company
	Summary 

	China Unicom [2]
	Not available 

	Vivo [3]
	Vivo makes the following proposals:
· For 16-1g the following items are necessary to be included in FG 16-1g for UE to report. The following measurement is performed with similar characteristic from UE perspective.

· BFD: Although upper bounded by 2, BFD may also impact the possible reported values non-negligibly since the minimum candidate value is 8 in 2-24.

· Candidate beam: including both PCell/PScell and Scell

· L1-RSRP

· L1-SINR: counting of L1-SINR resources are the same as those in 16-1a-1;

· PL-RS may not necessary to be counted within the total limit, since they are L3 measurement.

Regarding 16-1a-1::

· It should be clarified in 16-1a-1:

· When the same NZP CSI-RS is used as CMR and IMR simultaneously, how they are counted;

· The report of number of resources may depend on supported CMR/IMR combination type. Thus the candidate values may need to have zero.

On 16-1b/16-1b-2:

· Support reporting of band list. 

· Support to report number of different TCI states and spatial relation UE supports across the band list.

· To make it a simpler structure, support the following new feature:

16-1b-4
Beam indication in CA
1. Supported lists of band list which can share the same QCL-typeD property and the the same spatial relation info;

2. Maximum number of active TCI states with different QCL-typeD for PDCCH/PDSCH and spatial relation info for SRS/PUCCH in a band

· Confirm the following UE capabilities: 16-2a-2, 16-2a-3, 16-2a-4(Removing the brackets), 16-2a-4a, 16-2a-6, 16-2a-7(Removing the FFS part);

· Regarding 16-2a-8, the pre-requisite of this feature is not necessarily 16-2a;

· Regarding 16-2a-9, it is not necessary to be supported since the M-TRP UE capability is indicated per FSPC;

· For 16-2b series, since the basic component is removed, the prerequisite should not refer to 16-2b;

· Regarding 16-2b-5, it should be supported that UE can report only supporting single TCI state based TDM operation;

· Regarding 16-2a, 16-2a-0 and 16-2a-1, the support of PDSCH overlapping, time domain partially overlapping is more complicated than frequency domain overlapping, since the equalization may need to take into account of interference estimation. For fully overlapping PDSCH, it is not necessary for the equalization to consider different interference on different symbols. But for partially time domain overlapping, the equalization would need to consider these issues. This is additional complexity for UE to support time domain partially overlapping. Thus partially overlapping REs in 16-2a-0 and fully overlapping REs in 16-2a-1 should be supported
· On FG 16-3a, CBSR with hard amplitude restriction is indeed same as the feature of amplitudeSubsetRestriction which acts a basic function in type II codebook. Therefore, hard amplitude restriction should not preclude in basic components.

· On FG 16-3a and FG 16-3b, FG 2-35 should be the prerequisite feature groups, and ‘Per band’ is preferred.  

· FG 16-4 should be per band
· On FG 16-5a, “mode 0” can be removed to align the RRC parameter name used in RAN2, anyway it is just a name. It should be per band
· On FG 16-5b, in the second component, the square bracket can be removed. For a 4Tx capable UE, gNB can configure 2 port SRS resource. When gNB configures 2 port SRS for a UE with 4Tx, whether 2Tx full power codebook is supported or not in mode 1 should be clear. It should be per band
· On FG 16-5c, pending the response from RAN2, from signal design point of view splitting 16-5c into 2 rows is more flexible and efficient, if RAN2 is inclined towards single row with clean design to support both options of multi-SRS and full power TPMI, they can remove or merge into 1 row for their signaling design. It should be per band.
· On FG 16-6a, it should be ‘Per band’ to give more flexibility for UE implementation on different bands. In addition, ‘Optional with capability signaling’ is fine.

· On FG 16-6b, same reason as FG 16-6a, ‘Per band’ and ‘Optional with capability signaling’ are preferred.

· On FG 16-6c, since FG 16-6a is easier for UE implementation, it should be comprised in the prerequisite feature groups. It doesn’t make sense only support FG 16-6c for a UE, but not support FG 16-6a. ‘Per band’ and ‘Optional with capability signaling’ are preferred.

· FG 16-7 should be per band

	ZTE [4]
	Regarding 16-1a-1 “SSB/CSI-RS for L1-SINR measurement”, ZTE thinks the motivation of distinguishing 1-Tx CSI-RS and 2-Tx CSI-RS is unclear considering that there is component “10. Supported density of CSI-RS (CMR)”. Moreover, ZTE believes it suffices to only consider either the maximum number of CMR/IMR separately (i.e. components 1,2,3), or the maximum number of CMR+IMR together (i.e. components 4 and 5) . Consequently, ZTE ahs the following proposals for revising the components in 16-1a-1.

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 as CMR 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
Regarding 16-1b & 16-1b-2, ZTE thinks the title of “16-1b: TCI state activation and spatial relation update” should be replaced by “16-1b: TCI state activation and spatial relation update” considering that it can be only applied to DL transmission. Regarding the two FFS parts, ZTE still has concerns about the motivation of reporting which bands can share the same TCI state/spatial relation. ZTE argues that sharing the same TCI state or not is purely up to gNB configuration, but using different TCI state can be seen as a further UE capability enhancement over the Rel-15 UE that only supports single active TCI state for DL and/or UL transmission. ZTE believes it suffices to discuss which bands can be used with different TCI state/spatial relation. ZTE prefers to update two FFS components as “indicating band pairs that can be indicated with different DL TCI states” or “indicating band pairs that can be indicated with different UL spatial relation infos”, respectively.

Regarding 16-1cZTE proposes that the default spatial relation and path loss approach should be applied for PUSCH scheduled by DCI format 0_1 also. In ZTE’s view it suffices to consider that this approach can be also used for default path-loss RS determination in FR1. Consequently, ZTE has the following proposal:
· The restriction that PUSCH transmission in FG [16-1c] only corresponds to that scheduled by DCI format 0_0 should be removed.

· FG [16-1c] can be applied for both FR1 and FR2, and in FR1 only default pathloss RS can be considered.
Regarding 16-1d, ZTE prefers to update the component as "Support of spatial relation update for AP-SRS via MAC CE" as was done for other components for TCI/spatial relation update.

For component 16-1d, according to ZTE, the maximum number of spatial relation update for AP-SRS via MAC CE should be based on the recent Component 2-59.

For 16-1e, ZTE prefers to have a fixed value for maximum number of activated pathloss reference RS(s) rather than according to UE capability. As a baseline, they propose up to 4 activated pathloss reference RS(s) can be supported mandatorily without capability signaling, which is the same as in Rel-15 and consequently, the component of “FFS: The maximum number of activated pathloss reference RS update for PUSCH/SRS/PUCCH [across CCs / within a slot across all CCs / per CC]” can be removed.

For 16-1f, ZTE notes the support of PUCCH-BFR shall be mandatory with capability signaling for FR2 and optional for FR1 (as was done for PCell-BFR in Rel-15), in order to guarantee the effectiveness/low-latency of SCell-BFR. Hence, ZTE proposes to remove component 5 in 16-1f and the UE supporting the basic feature group FG 16-1f should support both SR based and PUCCH based-BFR. 

Regarding the component “FFS: Density of CSI-RS for new beam identification for Scell BFR”, ZTE thinks it suffices to reuse Rel-15 UE capability, and consequently it can be removed.

Regarding 16-1g, the aspects about pathloss measurement, BFD and BFR should be removed according to ZTE, and the further components about combining pathloss measurement, BFD or BFR cases, which has been reported through the other UE capability reporting independently, are not needed. Consequently, they propose for 16-1g:
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]
2. FFS: The maximum number of SSB/CSI-RS resources within a slot across all CCs for pathloss measurement
3. FFS: The maximum number of SSB/CSI-RS resources within a slot across all CCs for BFD
4. FFS: The maximum number of SSB/CSI-RS resources across all CCs for new beam identification
For FG16-2a, regarding the component 4 about fully/partial overlapping in time in FG 16-2a, ZTE notes there were extensive discussion in RAN1#100bis-e meeting. From ZTE’s view, it should be a basic component and once Multi-DCI based MTRP is supported by UE, fully/partial overlapping in time should be supported as otherwise, only DPS is supported and the basic FG of MDCI based MTRP has no much difference with Rel-15. For progress, ZTE can accept only non-overlapping in frequency in the basic component 4, and move partial/fully overlapping in frequency in another FG.   
ZTE recalls that in NR Rel-15, for single TRP transmission, a UE capability signaling pdsch-ProcessingType1-DifferentTB-PerSlot to report the maximum number of TDMed PDSCHs in a slot as shown in the following table from 38.306, where the candidates include 2, 4 and 7. 

pdsch-ProcessingType1-DifferentTB-PerSlot

Defines whether the UE capable of processing time capability 1 supports reception of up to two, four or seven unicast PDSCHs for several transport blocks with PDSCH scrambled using C-RNTI, TC-RNTI, or CS-RNTI in one serving cell within the same slot per CC that are multiplexed in time domain only.

Note PDSCH(s) for Msg.4 is included.
In case of multi-DCI based MTRP, ZTE thinks PDSCHs scheduled by different TRPs in a slot can overlap in the time domain and it is natural to support more PDSCHs in one slot per CC. According to ZTE, 2, 4, 8 and 14 PDSCHs across two TRPs can be supported corresponding to Rel-15 non-report of pdsch-ProcessingType1-DifferentTB-PerSlot, report values 2, 4 and 7 respectively. Therefore, in FG 16-2a, one new component is needed, ZTE argues, to report maximum number PDSCHs in the same slot per CC for MDCI based MTRP. Then, according to ZTE, UE will use the Rel-15 capability signaling to limit the number of PDSCHs in one slot for one TRP, and the new Rel-16 capability signaling to limit the number of PDSCHs for two TRPs. 
Without this new component, ZE argues, if only the Rel-15 capability signaling is used to indicate the number of PDSCHs in one slot, the number of PDSCHs in one slot for M-DCI based M-TRP operation will be too restricted and it is unclear for gNB how partial overlapping PDSCHs from different TRPs are taking into accounted to determine the actual scheduling only based on Rel-15 capability report. 
Regarding FG16-2a-a and 16-2a-3 about out of order operation, ZTE supports the current structure that support of out-of-order operation for PDCCH and PDSCH and support of out-of-order operation for PDSCH to HARQ-ACK is in one FG. ZTE thinks if UE only supports one of them, e.g. only support out-of-order operation for PDCCH and PDSCH but not support out-of-order operation for PDSCH to HARQ-ACK, separate scheduling between two TRPs are still impossible and very tight coordination is still needed. ZTE argues this is equivalent to the situation that UE supports neither of them. In RAN1#100bis-e, these two FGs are agreed as working assumption, ZTE suggests confirming them in this meeting.
Regarding FG16-2a-8, ZTE thinks this FG is only for FR2 and the motivation is to report whether UE supports two different receive beams no matter PDSCH or PDCCH. ZTE proposes the FG should be for both PDCCH and PDSCH.
Regarding component 3 of FG16-2a, according to ZTE it overlaps with FG 16-2a-10 and should be removed.
Regarding FG 16-2b-1, according to ZTE support of DCI indication of 2 TCI states by a codepoint and DMRS ports within two CDM groups should be a basic component, and the ‘FFS’ should be removed from the first component. Regarding component 3, ZTE thinks it should be a basic component as well and ‘FFS’ can be removed. Further, ZTE believes that two PTRS ports should be optional. ZTE also mentions that this FG can be further split into two FGs, the first one is the support of single-DCI based SDM scheme, including two basic components, and the other one is the support of two PTRS ports.

Based on past agreements, ZTE thinks CBSR without soft amplitude restriction should be a basic feature, and CBSR with soft amplitude restriction should be an optional feature.

In the current UE feature list, three components are listed in 16-3a and 16-3b. ZTE thinks only the first one of each of the two FGs is needed since the current formulation may confuse RAN2 on their signaling design. They propose to revise 16-3a and 16-3b as follows:
16-3a
Regular eType-II

{Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} to support regular eType-II for R=1
Note: The following are basic components for regular eType II, which do not require extra signaling:

5. 
1. Support of parameter combinations  1-6

2. Support of rank 1,2
3. CBSR with hard amplitude restriction
16-3b
Port selection eType-II

{Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} to support port selection eType-II for R=1

Note: The following are basic components for port selection eType II, which do not require extra signaling:

4. 
1. 6 parameter combinations (combos with L=6 don’t apply) 

2. Support of rank 1,2

ZTE recalls that in Rel-15, UE can indicate the list of triplets {Max number of ports per resource, max number of resources, max number of total ports} per codebook type, however, more than one codebook type can be configured simultaneously. ZTE thinks the UE reporting of the triplets needs to consider the worst case that multiple codebook types are configured simultaneously and it would cause UE to under report its capability if UE cannot report its capability to process multiple codebook types simultaneously. ZTE argues tf there is such concurrent capability reporting, UE can be more aggressive to report its per codebook type capability and the concurrent codebook capability would let UE to indicate the number of {max number of ports per resource, max number of resources, max number of total ports} for processing multiple codebook types simultaneously. ZTE believes the first issue is to identify those combinations of concurrent codebook types: as the minimum granularity of the triplets is per band, and different CCs would bring different gain for Type II/eType II codebook over Type I codebook, at least there would be the possibility of configuring Type I reporting in some CCs, and configuring Type II or eType II reporting in other CCs. Hence ZTE thinks UE can report its concurrent codebook capability by reporting the following list of codebook combination {codebook 1, codebook 2}, and for each codebook combination, UE can report a list of triplets. ZTE continues in each codebook combination, codebook 1 is restricted to Type I SP or Type I MP codebook, and codebook 2 is restricted to Type II, Type II port selection, eType II and eType II port selection (for the remaining combinations, simultaneous configuration is not supported).
For 16-5b/c, ZTE proposes as a basic principle that 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. ZTE thinks the motivation for 16-5b/5c is unclear and those three components also restrict the flexibility of gNB configuration significantly
Regarding component 4 in 16-5c, ZTE is not sure why this component is needed.
Regarding component 5 in FG 16-5c ZTE thinks this component is needed and the candidate values can be "1", "2" or "4" for this component.

Component-6 in 16-5c: TPMI group which delivers full power.
Regarding component 6 in FG 16-5c, the relationship issue between UL-Tx-Switching and Mode-2 full power transmission was identified and discussed at the last RAN1 meeting, and ZTE provides the following analysis about this issue: 

· For full power transmission, it is assumed that the UE can always support 2-Tx port transmission; but for UL-Tx switching, it is assumed that the UE only can support the 2-Tx port transmission under the case that the Tx from carrier 1 is switched to carrier 2. Considering the latest RAN4 agreement that UE power class is fixed regardless of UL-Tx switching, in UL-Tx switching case, the power scaling factor for PUSCH transmission and enabling multiple SRS resources with different number of ports should be enhanced compared with Rel-15 from spec perspective, which are well aligned with Mode-2 TPMI group reporting and two SRS resources with different ports. 

· In a typical case, for PC3 UE, there are two PAs with 23 dBm for carrier 1 and carrier 2, respectively, and, when a Tx chain is switched from carrier 1 to carrier 2, the corresponding power class is also 23 dBm. The UE can support full power transmission, even in the case of the single non-zero power entry, e.g., [1, 0]. For spec perspective, the UE can report to support full power transmission under [1, 0] and [0, 1] using the bitmap of TPMI group reporting. 

· Besides, this capability component 3 in FG16-5c, in addition to the components about TPMI group reporting and two SRS resources with different ports can also be applied to UL-Tx switching. For instance, in order to reduce the UE complexity of supporting additional SRS resources in mode 2, the UE can report to only support one SRS resource under mode 2 through indicating the value of 1 in the component 3 “The maximum number of SRS resources in set with different number of ports for usage set to‘codebook’” in FG16-5c. If the UE reports 2 SRS resources for this component, one SRS resource is 1-port for 1-port transmission and another SRS resource is 2-port for 2-port transmission when 2Tx is available for carrier 2. In case of 1-port transmission, full power can be supported with the {23dBm 23dBm} PA architecture although no virtualization is needed with 1Tx assumption.  

Consequently, regardless of splitting the FG 16-5c or not, ZTE does not see any difference for further applying FG 16-5c for UL-Tx-Switching feature, considering that TPMI reporting is an essential feature for UL-Tx-Switching (For 1-port PUSCH transmission, full power transmission is mandatorily supported in Rel-15).
PZTE believes the following UE capability reporting in FG 16-5c can be applied for UL-Tx-switching:
· Supported UL full power transmission mode 2, i.e., multiple SRS resources with different number of SRS ports

· The maximum number of SRS resources in set with different number of ports for usage set to‘codebook’. 

· TPMI group which delivers full power.

For the case that UE does not support additional TPMI with full power, ZTE thinks one entry of “NULL” (i.e., no further TPMI group is supported for full power) can be considered as a candidate value for TPMI group reporting and the single FG 16-5c seems to be sufficient.
Regarding FG 16-6b, ZTE thinks the wording ‘and/or’ should be clarified: this FG is for both PUCCH format 3 and 4 so ‘/or’ can be removed

	CATT [5]
	CATT makes the following proposals:
Beam management 

· 16-1b: Cross-CC/BWP TCI activation for PDCCH/PDSCH is introduced in Rel.16 where a MAC-CE addressed to a CC is used to activate TCI states of the same TCI-ID in multiple CCs. The RAN1 agreed framework is flexible where CC-list configuration is up to NW and has no underlying restriction to band/band-combination. Functional wise, the QCL-typeD RS associated with activated TCI states (of the same TCI-ID) in different CCs may be transmitted with different Tx beams at the NW, independently of band/band-combinations. UE still needs to prepare to perform independent Rx beam derivation in different CCs, regardless if they are in the same or different bands. Therefore there is no strong need to report band pairs that can share the same DL TCI state.  

· 16-1b2: Similar as above, the need to indicate band pairs that can share the same uplink spatial relation info is not clear. 

· 16-1g:  It is preferable to have separate UE capability reporting for the maximum number of CSI-RS/SSB for different purposes, namely pathloss measurement, pathloss measurement, beam failure detection and new beam identification. Hence “FFS” can be removed. 

· 16-1f: The first FFS bullet is not needed and PUCCH-BFR should be mandatory when SCell BFR is supported. 

· 16-1e: The second FFS bullet “the maximum number of activated pathloss RS for PUCCH/PUSCH/SRS [across CCs/within a slot across all CCs/ per CC]” is not needed. RAN1 has agreed that the maximum number of activated pathloss RS per CC is 4 and UE is not expected to maintain more than 4 pathloss RS per CC. There is no need to introduce yet another capability on the number of activated RS, at least for each CC. It can be further discussed whether the total number of activated RS across multiple CC is UE capability. 

Multi-TRP

· 16-2a: Fully/partially overlapping PDSCHs in time and non-overlapping in frequency should be supported as a basic component for multi-DCI based multi-TRP. Actually the benefit of using M-DCI based NC-JT is the flexibility in scheduling of PDSCHs independently from two TRPs. It’s too restrictive to network side, if a UE can only support non-overlapped scheduling. From network perspective, without such flexibility in scheduling and the benefit of system performance, inter-TRP coordination is not necessary at all. As M-DCI itself is optional to UE, for a UE doesn’t support M-DCI, it can still receive data in DPS manner based on Rel-15 mechanism. And in such case, complicated signaling and high overhead can be avoided. Therefore, from UE perspective, if fully/partially overlapped scheduling cannot be supported, it’s also not necessary to receive M-DCI based PDSCHs at the cost of complexity and signaling overhead. 

· 16-2b-1: The FFS in item 1 and 3 should all be removed. They are all necessary components for supporting single-DCI based SDM scheme. And no agreement stated that they are optional to UE.

eType-II CSI

· 16-3a: It was already agreed that CBSR with hard amplitude restriction is mandatory UE feature. It shall be in basic components according to agreement made in RAN1#98bis meeting.

Component#1 of 16-3a shall be reported per band and per BC based the discussion in past RAN1 meetings to resolve under-reporting issue (R1-2002900). 

· 16-3a-1: Component#2, #3 and #4 of 16-3a shall also be added to the description field of 16-3a-1 to make it complete. The type shall also be per band and per BC. 

· 16-3a-2/16-3a-3: These two feature groups shall be per band reported, and prerequisite of these feature groups shall be ’16-3a or 16-3a-1’.

· 16-3a-4: Alt1 shall be selected as CBSR with hard amplitude restriction is basic feature in 16-3a.

· 16-3b: Component#1 of 16-3b shall be reported per band and per BC based the discussion in past RAN1 meetings to resolve under-reporting issue (R1-2002900). 

· 16-3b-1:  Component#2 and #3 of 16-3b shall also be added to the description field of 16-3b-1 to make it complete. The type shall also be per band and per BC.

· 16-3b-2: This feature group shall be per band reported, and prerequisite of these feature groups shall be ’16-3b or 16-3b-1’.

· 16-7: The type shall be per band.

UL full-power transmission 

· 16-5a: The working assumption to have a separate capability for mode 0 should be confirmed. 
· 16-5c: 

· Regarding SRS configuration, potential capability parameters discussed in the previous meeting includes the maximum number of SRS resources, maximum number of port per SRS resource, minimum number of SRS resources, and combinations of SRS port number that can be configured in the SRS set. 
First of all, the maximum number of SRS resources (2 or 4 as agreed in RAN1) should be reported as a capability. 

Secondly, the maximum number of ports per SRS resource should also be reported as a capability. 

No other SRS resource parameter needs to be reported. Once the maximum number of SRS resources and maximum port number are reported, all SRS configuration below this configuration should be supported by the UE. 
· On the maximum number of different spatial relation info for all SRS resources for usage set to ‘codebook’, it was agreed in RAN1 that a maximum number of 2 spatial relation infos can be configured. Given that UE is by default required to support 2 spatial relation infos in Rel.15, a default value of 2 is sufficient in Rel.16, and it is not necessary to introduce a UE capability here. 

	MediaTek Inc. [6]
	The following are MediaTek’s observations, comments, and proposals. In [6], they provide an updated version of the eMIMO NR UE feature list with all their proposals.
FG 16-1a TCI state activation across multiple CCs

Capability components should be combined, except that certain components have quite different complexity/memory from others. 

•
Component 1 is with regards to computation complexity of CMR power, including both 1 and 2 antenna ports of CSI-RS

•
Component 2 is with regards to computation complexity of IMR power 

•
Since complexity for CMR power and IMR power are quite different, no need to combine Component 1 and Component 2

•
Component 3 has been merged into component 2, so it is removed

•
Component 4 should be removed because it corresponds to complexity of CMR + IMR. The complexity of CMR has been handled by component 1 and component 9. The complexity of IMR has been handled by component 2 and component 3. For L1-SINR measurement, the complexity of CMR and the complexity of IMR are quite different. There is no need to consider their complexity jointly.

•
Component 5 is with regards to memory size of CMR and IMR. Since memory sizes for SSB CMR, CSI-RS CMR, ZP-IMR, NZP-IMR are similar, no need to separate them 

•
Components 6, 7, 8 are removed because they are sub-components of Component 5

•
Component 9 is removed because it is a sub-component of Component 1

FG 16-1a-2 Non-group based L1-SINR reporting

Remove the brackets for “[Optional with capability signalling]”

FG 16-1b TCI state activation across multiple CCs

Change the title from “TCI state activation and spatial relation update” to “TCI state activation across multiple CCs”

Type should be “Per BC”

Reporting should be “Optional with capability signalling”

FG 16-1b-2 Spatial relation update across multiple CCs

Type should be “Per BC”

Reporting should be “Optional with capability signalling”
FG 16-1b-3 Spatial relation update for PUCCH group
Reporting should be “Optional with capability signalling”

FG 16-1c Default spatial relation

Reporting should be “Optional with capability signalling”

FG 16-1d MAC CE spatial relation update for AP-SRS

Reporting should be “Optional with capability signalling”

FG 16-1e Pathloss reference RS activation via MAC CE

Reporting should be “Optional with capability signalling”

FG 16-1f SCell beam failure recovery

No need for capability component “Support of PUCCH-BFR” because it is just the same as normal SR transmission

Capability component for “Density of CSI-RS for new beam identification for SCell BFR” is unnecessary
Reporting should be “Optional with capability signalling”

Type should be “Per band”

FG 16-1g Resources for beam management, pathloss measurement, BFD, and BFR

MediaTek thinks that in principle, the UE capability in the amounts of reference signal resources for various functions in NR-eMIMO can be considered altogether. MediaTek thinks it is necessary to have a cap on the total number within a slot across CCs by jointly considering the number of resources for other measurement like L1-RSRP and L1-SINR and individual reporting is not beneficial unless some of them have quite different characteristics from others and it can be addressed separately in that case. From L1‘s perspective, MediaTek believes part of UE’s processing for SSB/CSI resources configured for L1-RSRP, L1-SINR, pathloss measurement, and BFD are shared, and the total number is usually the bottleneck. According to MediaTek, there is no need to exclude pathloss measurement and BFD. MediaTek proposes to jointly report the capability for the amounts of reference signal resources for various functions. 

MediaTek proposes to remove the brackets in component 1 and title and the capability for the number of configured resources and for the number of resources to perform measurement in a slot should be separately captured: the former corresponds to the capability of the memory size, while the latter is concerned with the capability of computation complexity. MediaTek also proposes: 
· Add capability component for “The maximum number of SSB/CSI-RS/CSI-IM resources across all CCs configured for any of L1-RSRP measurement, L1-SINR measurement, pathloss measurement, BFD, and new beam identification”
· Remove the components 2, 3, and 4 because they can be merged into component 1
· Add 2-24 in prerequisite feature groups
·  This reporting should be “Optional with capability signalling”. 

FG 16-2a, FG16-2a-0 and FG 16-2a-1 for multi-DCI based multi-TRP

MediaTek recalls that allowing overlapping PDSCHs in time as a basic components violates previous agreements that OOO is optional and allowing FDMed PDSCHs with time overlapping as a basic component implies either 
Case 1): OOO should be also basic component to be supported, or 

Case 2) if OOO is not supported, the only case for FDMed PDSCHs overlapping in time is that two PDCCHs should end at the same symbol, according to the following Rel-15 ‘in-order’ behaviour:

“For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start receiving a first PDSCH starting in symbol j by a PDCCH ending in symbol i, the UE is not expected to be scheduled to receive a PDSCH starting earlier than the end of the first PDSCH with a PDCCH that ends later than symbol i.”

MediaTek argues the specification above was specified without considering time-domain PDSCH overlapping, which is not allowed in Rel-15 and by further allowing PDSCH overlapping in time in Rel-16, the ‘in-order’ behavior can be maintained only if the two PDCCHs end at the same symbol. However, according to MediaTek, Case 2 implies a tight restriction for PDCCH resource scheduling from two TRPs and thus MediaTek proposes to limit to TDMed non-overlapping PDSCH for FG 16-2a. MediaTek also proposes that “the maximum number of MIMO layers of each scheduled PDSCH” should be a basic component for M-DCI based operation and it should be in FG 16-2a but not in FG 16-2a-0 or FG16-2a-1. 
Regarding the rest of overlapping types other than the basic one, MediaTek suggests to further support fully-overlapping in time in FG 16-2a-0 and different from that in S-DCI case, for M-DCI case:
· Overlapping condition may be not aligned from symbol to symbol

· Overlapping condition may be not aligned from RB to RB.

According to MediaTek, M-DCI gain observed in Rel-16 for spectrum efficiency improvement comes from flexibility for RA allocation in frequency-domain, but not in time-domain. So new FG#1 may be similar to S-DCI but further allows flexibility for resource allocation in frequency-domain in MediaTek’s view. From UE’s perspective, MediaTek believes, with the constraint of PDSCH alignment in time domain, a UE may simply assume the co-channel PDSCHs are with the same (Starting symbol, Length) as S-DCI case without decoding another DCI to know exact time-domain resource allocation of another PDSCH and non-aligned (Starting symbol, Length) for overlapped PDSCHs is more challenging for interference handling. As one step further from FG 16-2a, MediaTek prefers to define FG-16-2a-0 to include “Support fully overlapping in time” (Fig. 2) and “Support non-overlapping REs in frequency” (Fig. 1): FG-16-2a-1 then includes the most challenging case with partially overlapping PDSCH REs.

FG 16-2a-8 Simultaneous reception with different Type-D
MediaTek suggests removing the bracket and FG 16-2a-8 is for both PDSCH and PDCCH: “Whether UE supports receiving time-overlapping PDSCHs/PDCCHs with different Type-D”
FG 16-2b Single-DCI based multi-TRP

Since there is no FG16-2b in MediaTek’s view, the FG16-2b should be removed from the column of prerequisite FGs.

Regarding the “FFS” components in FG 16-2b-1 and FG 16-2b-5, since Component 1 in FG 16-2b-1 is how the SDM scheme is captured in the specification, Component 1 should be there as is according to MediaTek. MediaTek argues the SDM scheme can work well even if the DMRS entry {0, 2, 3} is not supported, so Component 3 in FG 16-2b-1 should be an optional feature for the SDM scheme, and there seems no strong motivation to support both TCI state mappings, so a UE can decide which mapping to support for convenience of implementation. 

Considering maximum TB size for TDM schemes, MediaTek has the following proposals:

· Add a value of 20 CBs to the set of candidate values for maximum TB size in FG 16-2b-4.

· Add a value of 40 CBs to the set of candidate values for maximum TB size in FG 16-2b-5.

Similar to FG 16-2a-8, MediaTek suggests to indicate that a UE can only support one Rx beam or can support simultaneous two Rx beams by indicating “Maximum number of QCL Type D RSs indicated in a codepoint of a DCI”, in FG 16-2b-1, FG 16-2b-2, and FG 16-2b-3. 

MediaTek has the following proposals for the attributes of FGs.

· All feature groups for single-DCI based multi-TRP operation are optional with capability signalling and of type “per FSPC”.

· Except for FG 16-2b-0, all feature groups require no FR1/FR2 differentiation.

16-5c UL full power transmission mode 2

MediaTek thinks SRS resource based feature (i.e., multiple SRS resource with different number of ports) and for TPMI group based feature in mode 2 don’t need to be tied together and it is beneficial for UE to report its capability individually.  

Moreover, MediaTek believes component 3 and component 4 should be considered together as the current statement can make confusion. MediaTek proposes to merge component 3 and component 4 and provide joint candidate values.

	Intel Corporation [7]
	Multi-beam operation

FG 16-1a-1 (L1-SINR reporting)

Intel believes, unlike L1-RSRP, L1-SINR supports different CMR and IMR combinations including special case of L1-SINR measurements without dedicated IMR and it is therefore natural to indicate supported types of L1-SINR to provide information to gNB regarding supported measurement combinations. More specially, Intel argues, 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. Intel thinks 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, Intel thinks 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, in Intel’s view, 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, Intel argues it is important to distribute computational load for L1-SINR measurement in time. Similar to L1-RSRP, Intel thinks this 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

Intel notes from the above that the interference measurement 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. 

Intel believes L1-RSRP and L1-SINR measurements can be used concurrently. In order to limit the total reference signal configurations across both measurements, Intel believes 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

Intel also notes that UE complexity for L1-SINR measurements for NZP CSI-RS resources with 1Tx and 2Tx is similar and in this case the possible differentiation of 1Tx and 2Tx NZP CSI-RS resource in FG 16-1a-1 is not required. 

1. Summarizing the above Intel proposes for FG 16-1a-1:
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

2. Intel recalls that Rel-15 capability supports separate indication of semi-persistent CSI reporting for L1-RSRP. Given that RAN1 is not planning to introduce a similar FGs for the purpose of L1-SINR semi-persistent reporting, Intel believes the existing Rel-15 FGs 2-23/2-23a should be extended for L1-SINR:
sp-BeamReportPUCCH

Indicates support of semi-persistent 'CRI/RSRP', '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', '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, Intel believes 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.
FG 16-1g Total number of reference signals for beam management

Intel recalls that during the 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). Intel expects the corresponding FG 16-1g to solve the problem of the potential under-reporting of the reference signal configuration assuming simultaneous use of the reference signals for multiple purposes. Intel notes 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. Similarly, according to Intel, the total number of reference signals used for Rel-15 and Rel-16 new beam identification as part can be also provided. Intel proposes to 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, Intel thinks 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.

Intel thinks the FFS for PUCCH BFR support can be removed since it is expected that a UE supporting SCell BFR should also support PUCCH-BFR. Moreover, for Intel, the need for a separate UE capability for CSI-RS density for the purposes of SCell BFR is unclear and is not be required. 
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 
5. 
6. The maximum number of CSI-RS and/or SSB resources for new beam identification of PCell and SCell BFR across all CCs 
7.  
Multi-TRP

FG 16-2a (basic Multi-DCI based multi-TRP)

Intel argues 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, Intel continues, it would be worse than Rel-15 considering the limited availability of BD/CCE in CA operation. Therefore, Intel believes 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 according to Intel. Intel observes:
3. 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}. 
4. 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. Intel believes the candidate values for this component should be {3, 4, 5} in order to be not worse than Rel-15.

Intel proposes: 

· 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, Intel doesn’t think it’s 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, Intel proposes 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, Intel proposes to add another component to support receiving time-overlapping PDCCHs with different QCL Type-D.
In 16-2a-1, Intel proposes 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. 

PDSCH layer combinations for multi-DCI multi-TRP

16-2a-1 component 3: Intel thinks 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, Intel provides an example considering that mandatory layer combinations are relatively “balanced” between the two TRPs. Intel notes 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}

Intel also suggests 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 according to Intel.

Multi-CC support and FSPC
Regarding 16-2a-9, Intel supports 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.

FG 16-2b-1 (Single-DCI based schemes 2a, 2b, 3, 4)

The FFS for component-1 should be removed according to Intel in order to define SDM scheme. Optionality of DMRS entry {0, 2, 3} was not raised before and Intel believes it is not needed.
FG 16-2b-5 (Single-DCI based inter-slot TDM)

Intel proposes that 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 frequencyfor FR1

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 
2. Support receiving time-overlapping PDCCHs with different Type-D in FR2
16-2a-1
Simultaneous reception of Multiple PDSCHs overlapping in frequency
5. Support fully overlapping PDSCHs at frequency and partially/fully overlapping at time in FR1
6. Support partially overlapping PDSCHs in frequency and partially/fully overlapping in time in FR1
7. The maximum number of MIMO layers of each scheduled PDSCH [if  PDCCHs scheduling fully/partially/non-overlapped PDSCHs in time and frequency domain]

8. 
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. 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. 
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. 
eType-II codebook

For FG 16-3a and 16-3b the reporting granularity is currently not defined. For UE capabilities related to Rel-15 codebooks Intel thinks there is an issue which RAN1 discussed with RAN2 via LS. 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, Intel proposes to support per band and per BC granularity for FG 16-3a and 16-3b.

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 Intel’s view there is no significant impact on the UE complexity due to support of hard CBSR, hence, Intel proposes 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.

Regarding the UE capability for the mixed codebook types, Intel proposes 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. According to Intel, 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).

Intel thinks that 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, Intel proposes to support one of the solutions. 

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 types
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
Full power UL Tx

FG 16-5a (Mode 0)

For full power Tx Mode 0, one remaining issue is the naming of ‘mode 0’ 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, Intel suggests 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, Intel thinks 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 according to Intel. In addition, Intel recalls that 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 in Intel’s view.

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 and component 1 can be removed according to Intel.

For component 2 under 16-5c, there is a value of 2Tx_4Tx. Intel argues 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 in Intel’s view.

For component 3, from past agreements, Intel argues the maximum number of resources for Mode 2 could be either 2 or 4 and 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, Intel thinks it should be aligned with the existing agreement by removing the text ‘with different number of ports’.

For component 4 which is the number of ports per SRS resource, Intel thinks it is redundant since the number of SRS antenna ports information can be provided by component 2. Therefore, component 4 can be removed according to Intel.
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, Intel argues.
In addition, Intel recalls that 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. Intel thinks the Rel-15 parameter can be reused and component 5 can be removed.

16-5a
UL full power transmission with Ul-FullPowerTransmission set to fullpower
1. Supported UL full power transmission with Ul-FullPowerTransmission set to fullpower
16-5b
UL full power transmission mode 1
1. Supported UL full power transmission mode 1
2. 
16-5c
[UL full power transmission mode 2]
1. 
2. Number of SRS antenna ports to support mode 2: {2, 4, 2_4}

3. The maximum number of SRS resources in set for usage set to ‘codebook’.
4. 
5. 
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 Intel’s 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, Intel proposes for FG 16-5a, 16-5b and 16-5c, the granularity should be per Band.

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. Intel thinks if the feature is indeed optional, the main drawback of Rel-15 DM-RS from a PAPR perspective remains unsolved and therefore, Intel is open to consideration of this FG 16-4 as mandatory as well.

FG 16-6a + 16-6c (Low PAPR DMRS for PUSCH)

For both these FGs, Intel thinks the indication should be per band and the features can be optional with capability signaling.

FG 16-6b (Low PAPR DMRS for PUCCH)

Currently the capability is for PUCCH format 3 and/or PUCCH format 4 with transform precoding and pi/2 BPSK modulation. Intel thinks 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 and that the UE should not be expected to report separately for PF-3 and PF-4. Intel proposes: 
· 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 PUCCH format 4, if capable, with transform precoding and with pi/2 BPSK modulation



	Samsung [8]
	Samsung proposes the following:
Multi-TRP

· Support UE capability signaling of multi-DCI based multi-TRP per FSPC level.

· On UE features regarding support of overlapping PDSCHs for multi-DCI based multi-TRP,

· Support non-overlapping PDSCHs in frequency domain as a basic component
(remove bracket of component #4 at FG 16-2a and remove component #1 from FG 16-2a-0)

· Support full-/partial-overlapping PDSCHs in frequency domain as optional components

· Move component #2 in FG 16-2a-1 to FG 16-2a-0

· Support the types of FG 16-2a-0 and 16-2a-1 as FSPC
· Remove the component #3 from FG 16-2a-1.

· Define default value of R in FG 16-2a and/or FG 16-2a-10 as one.

· Remove the bracket of component #2 in FG 16-2a-4.

· Remove FG 16-2a-9.
MU-CSI

· Support Option 1 for Rel. 16 eTypeII CBSR, i.e.,

· FG 16-3a includes #4 basis component - CBSR with hard amplitude restriction

· FG 16-3a-4 includes CBSR with soft amplitude restriction

· Reuse parameter Rel.15 amplitudeSubsetRestriction for soft amplitude restriction
· The details of FG 16-8 should be discussed based on the assumption that a mixed codebook type shall not include more than one TypeII codebooks.
Full-power UL Tx

· Regarding UE capability for full power UL transmission,

· Remove bracket around mode 0 in FG 16-5a

· Remove 2Tx_4Tx from component 2 of FG 16-5b

· Split FG 16-5c into two rows with component 6 being a separate row or FG

· Remove 2Tx_4Tx from component 2 of FG 16-5c

· Remove FFS from component 3 of FG 16-5c

· Remove component 4 and 5 of FG 16-5c
Low-PAPR RS

Samsung observes that in Rel-15, applicability of pi/2-BPSK for PUSCH or PUCCH was not mandated without capability signalling, i.e. a set of UE capability signalling on pi/2-BPSK has been supported from Rel-15. Given that efficiency of UL low PAPR sequences and/or modulation can be maximized when they are applied for both data and RS transmissions, Samsung does not see a strong motivation to make Rel-16 low-PAPR RS as mandatory scheme for Rel-16 UEs. Samsung proposes that FG 16-6a and FG 16-6b should be an optional feature with capability signaling in Rel-16.

	LG Electronics [9]
	The following are LGE’s observations, comments, and proposals. In [9], they provide an updated version of the eMIMO NR UE feature list with all their proposals.
16-1a

· The type of this FG needs to be ‘per UE’ not ‘per band’ as this FG is defined across all CCs

· Component 4 and 8: Given that 16-1g defines the total limit of RS resources for multiple purposes, it is not clear on the necessity of component 4 and 8

· Component 5: Following modification seems necessary to avoid any confusion (CSI-IM cannot be configured as CMR and there has been no 1Tx/2Tx differentiation for this type of component in Rel-15)

· 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

16-1b and 16-1b-2

· FG index needs to be revised from ‘16-1b’ to ‘16-1b-1’

· For component 2 of both FGs, which address the same technical issue, LGE thinks that this UE capability reporting is needed. Otherwise, gNB has no knowledge on how to group CCs for simultaneous TCI/spatial relation update. 

16-1c

· In the component description, square brackets need to be removed to capture what is agreed for this FG, i.e. for PUSCH scheduled by DCI 0_0 only

· Regarding the squared brackets in the prerequisite FG, this feature has been agreed only for UEs supporting beam correspondence. If this prerequisite FG is added, the related triggering condition from TS 38.213 can be removed, and TS 38.213 and TS 38.214 can be more aligned. Wording may need to be further refined to ‘Component 1: 2-20 as ‘1’’.  

16-1d

· For the square bracketed part, prefer ‘support of’ instead of ‘the maximum number of’ because it is unclear on the meaning and the necessity of ‘the maximum number of spatial relation updates’

16-1e

· Component 2 needs to be deleted because spec already defines a fixed number, which is 4, as the maximum number of activated PL RSs since Rel-15. There is no reason to introduce a UE which is worse than Rel-15

16-1f

· Component 1: Suggested rewording of component description seems fine, delete the square brackets

· Component 2: Sending SR for BFR over the configured PUCCH-BFR is the very initial step to support SCell BFR as agreed before. Although BFR MAC-CE transmission without sending PUCCH-BFR is also supported by the specification, it is only for the case when there is available UL-SCH for the UE. So, if a UE supports SCell BFR functionality, the UE should support sending BFRQ over PUCCH-BFR. Introducing this UE feature would create a new UE type who does not support PUCCH-BFR but can support sending BFR MAC-CE, which have not been considered for both RAN1 and RAN2 works. Note that TS38.321 already describes in a way that ‘SR for BFR’ is triggered if BF is detected on an SCell, and there is no description/function defined for such UE. Regarding the argument that the support of this would increase UE complexity, from UE perspective, PUCCH-BFR is same as normal PUCCH-SR so no additional complexity exists except for the prioritization between LLR and SR. Many different UCI/channel prioritization rules exist in Rel-15/16 specification already but without any UE capability defined so it does not make sense to create this UE capability for this simple prioritization rule. Propose to delete this feature. 

· Component 3: If component 1 of 16-1g includes all RSRP related measurements, this component would not be needed anymore

· Component 4: As 2-31 (Rel-15 BFR) does not define this component, this component should be removed in order to be consistent with Rel-15. Note that there is no difference between Rel-15 BFR and Rel-16 BFR with regard to new beam identification at the UE side, i.e. measuring L1-RSRP of the candidate RS resources and comparing that with the threshold. 

16-1g

· Pathloss measurement and BFD/RLM are measured based on higher layer filters while others are directly from layer 1 measurements so prefer to delete pathloss measurement and BFD from this FG. New beam identification for BFR is same as normal L1-RSRP measurement for beam report so LGE supports to include it but it seems not needed to be separately described in the description of this FG because it can also be considered as for ‘beam management’. Regarding the inclusion of CSI-IM, LGE is open for this because the measurement behaviour at the UE side is similar to other L1-RSRP based measurements although it is not exactly same. 

· Component 2 and 3: Suggest deleting these components as explained above

· Component 4: No need to differentiate this from component 1 if the RSs for new beam identification are included in component 1. Prefer to include the number of RSs for new beam identification in component 1 and delete component 4

16-2a
· Component 3: it can be removed and merged into 16-2a-10 with default value of R =1.

· Component 4: it can be removed and merged with 16-2a-0

16-2a-0

· This is for FR 1 only. If time domain overlapping for FR 1 and FR 2 is merged in a single feature group, single Rx beam UE cannot receive time domain overlapped PDSCHs even in FR 1. For FR2, a separate feature group for time domain overlapping PDSCH is introduced in 16-2a-8.

16-2a-6

· Prerequisite feature groups of 16-2a-6 is 16-2a-8. Specifically, if UE supports 16-2a-6, it also support 16-2a-8 since it is able to manage two Rx beams at the same time. On the other hand, it is possible that UE supporting 16-2a-8 does not support 16-2a-6 and in this case UE can receive two PDSCH with different QCL D but buffer PDSCH with single beam, which is beneficial for power saving.

16-2a-8

· Square brackets should be removed. As mentioned in 16-2a-0, time domain overlapping PDSCH for FR 1 and FR 2 needs to be defined as separate feature group

16-2b-1

· Component 1 can be removed because 16-2b-1 already assumes that component 1 is supported

· Prefer to remove component 3 because it is hard to find reason of that component

16-2b-4

· Component 2 doesn’t seem to have special meaning. This is because available REs for TDMSchemeA may be limited, so that large TB size cannot be supported regardless of this component. For example, when 7 symbols with one DMRS symbol, 100 RBs, and 2 layers are assumed for a single TO, maximum 14400 REs can be scheduled to UE. In this case, 86400 bits can be scheduled when 64QAM and coding rate 1 are assumed. As a result, limitation on payload size for TDMSchemeA (e.g., 10Kbytes) seems a corner case. So this component can be removed.

16-2b-5

· Regarding component 2, {2,3,4,5,6,7,8,16} can be candidate values based on the previous agreement

· Regarding component 3, the same maximum TB size can be used regardless of RepNumR16, so that component 3 can be modified as “Supported maximum TBS size according to RepNumR16 in PDSCH-TimeDomainResourceAllocation”. And FFS for the candidate values can be removed

· Component 4 can be removed

16-3a
· Component 4: Prefer to delete the component as analogous to that of Rel-15 Type II CSI since it is an inherent functionality to support

· Prerequisite feature group needs to be ‘FG 2-35’ (CSI framework).

· Type of this FG needs to be ‘per-band’

16-3a-4

· Prefer to support Alt1 as an optional FG

16-3b

· Prerequisite feature group needs to be ‘FG 2-35’ (CSI framework)

· Type of this FG needs to be ‘per-band’

16-5a

· Modify the description of FG as “UL full power transmission with Ul-FullPowerTransmission set to ’fullpower’”

· Type of this FG should be per-band.

16-5b

· Component 2: Since the difference between Mode 1 operation and Rel-15 codebook based UL is codebook subset, component is not needed 

· type of this FG should be per-band

16-5c

· Support single row/FG. No need for separating mode2 operation into two.

· Type of this FG should be per-band

· Component 1: Remove the bracket

· Add new component (e.g., # of maximum SRS resources) corresponding to agreement made in RAN1#98 below:

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’

16-6a, 16-6b and 16-6c

· Type needs to be ‘per-band’

· Support these FGs as optional with capability signalling.

	CMCC [10]
	Beam management (16-1a, 16-1e and 16-1g)

For 16-1a-1, CMCC thinks the separately number of configured resources for CMR and IMR across CCs (components 1, 2, 3) and the separately number of configured resources for CMR and IMR within a slot (components 6, 7, 8) can be considered. However, given that the maximum number of SSB/CSI-RS/[CSI-IM] resources [within a slot] across all CCs has been reported in 16-1g, CMCC doesn’t see a need to additionally report the total number of CMR and IMR (components 4, 5, 9) in 16-1a-1. 
For 16-1e, Rel-15 has specified that up to 4 pathloss RS per CC is supported, and Rel-16 does not change the restriction, thus, component 2 is not needed according to CMCC.

For 16-1g, CMCC understands the intention to add this FG is to fully utilize UE’s capability and simultaneously increase gNB’s scheduling flexibility. CMCC agrees to report the maximum number of resources [within a slot] across all CCs for any of L1-RSRP measurement, L1-SINR measurement, BFD, and new beam identification. However, pathloss measurement should not be included, in CMCC’s view and there is no capability for pathloss measurements currently, and there is no increase in the number of tracked pathloss RSs in Rel-16, thus, there is no need to add the capability for pathloss measurements in Rel-16 UE feature; on the other hand, the pathloss measurement is based on L3 filter, which has different dimension with L1-RSRP, L1-SINR, BFD, or new beam identification, it is not reasonable to report them together. Based on the above discussion, CMCC proposes the following:
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. 
5. 
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 as CMR to measure L1-SINR shall not exceed MC_1-3

9. 
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

Optional with capability signaling

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

Component-5 to 8, 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-10: candidate value set: 

{"not supported", "1 only", "3 only", "both 1 and 3"}

Component-11, candidate value set for MD_2 is {0, 1, 4, 8, 16, 32, 64}

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
2. 
8-3
N/A
[Per UE]
No
No
FFS
16-1g

Resources for beam management, , 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, , BFD, and new beam identification

2. FFS: The maximum number of SSB/CSI-RS resources within a slot across all CCs for BFD

3. FFS: The maximum number of SSB/CSI-RS resources across all CCs for new beam identification

N/A

TBD

N

TBD

Full Tx Power (16-5)

For 16-5a, CMCC supports to confirm the working assumption with further modification that “mode 0” is revised by the actual RRC parameter “fullpower”.

For 16-5b, different from mode 2, CMCC doesn’t see a need to report the number of Tx for mode 1, which already exists in Rel-15, thus, component 2 should be removed.

For 16-5c, CMCC thinks that the 4th bullet is not needed and UE should support max 2 ports per SRS resource if UE reports 2 antenna ports in the second bullet, and UE should support max 4 ports per SRS resource if UE reports 4 antenna ports in the second bullet. Besides, for 5th bullet in 16-5c, CMCC thinks it could be removed or keep the candidate value as {1, 2} based on the following agreement in RAN1#98 meeting: For mode 2 UEs, up to 2 different spatial relation info can be configured for all SRS resources with usage set to ‘codebook’

Regarding the FFS point in 6th bullet, in CMCC’s understanding: for 2Tx UE reporting ‘non-coherent’ capability in 2-13, UE can report 2-port TPMI(s) in codebookSubset = nonCoherent that can support full power transmission. For 4Tx UE reporting ‘non-coherent’ capability in 2-13, UE can report 2-port and/or 4-port TPMI(s) in codebookSubset = nonCoherent that can support full power transmission. For 4Tx UE reporting ‘partial/non-coherent’ capability in 2-13, UE can report 2-port TPMI(s) in codebookSubset = nonCoherent and/or 4-port TPMI(s) in codebookSubset = nonCoherent and/or 4-port TPMI(s) in codebookSubset = partialandNonCoherent that can support full power transmission.

Based on this discussion, CMCC proposes the following:
16-5a

UL full power transmission with Ul-FullPowerTransmission set to ’fullpower’
Supported UL full power transmission with Ul-FullPowerTransmission set to ’fullpower’
2-13, 2-14

Y

N/A

Y

FFS: Per FS or Per band or Per band per BC
N/A

N/A

TBD

16-5b
UL full power transmission mode 1
1. Supported UL full power transmission mode 1
2. 
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

2. Number of SRS antenna ports to support mode 1: {2, 4}

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. 
5. 
6. TPMI group which delivers full power. FFS on details for supported number of Tx.
· 2-port TPMIs in codebookSubset = nonCoherent if UE reports ‘non-coherent’ or ‘partial/non-coherent’ capability in 2-13

· 4-port TPMIs in codebookSubset = nonCoherent if UE reports ‘non-coherent’ or ‘partial/non-coherent’ capability in 2-13

· 4-port TPMIs in codebookSubset = partialandNonCoherent if UE reports ‘partial/non-coherent’ capability in 2-13
Note: UE indicating mode 2 shall support full power transmission for 1 antenna port]

2-13, 2-14, 16-5b

Y

N/A

Y

FFS: Per FS or Per band or Per band per BC
N/A

N/A

TBD



	Spreadtrum Communications [11]
	
For component 2 of FG 16-1f, Spreadtrum suggests to remove it. Spreadtrum recalls that in Rel-15 PScell BFR, there is no UE capability on whether to support CFRA for BFR. Following the same principle, Spreadtrum argues, for Scell BFR, PUCCH-BFR should also be mandatory to be supported by UE, although NW has the right not to configure PUCCH-BFR. 

For component 3 of FG 16-1f, Spreadtrum prefers to discuss it in FG 16-1g where it includes all resource capability for beam management.

For component 4 of FG 16-1f, Spreadtrum suggests to remove it. Spreadtrum doesn’t see a reason to take it as UE capability

FGs about multi-DCI based multi-TRP:

Given that out-of-order operation for FGs 16-2a-2 and 16-2a-3 has been set to be optional, assuming UE doesn’t support out-of-order operation, Spreadtrum believes it is not reasonable and there are no benefits for NW to schedule time overlapping PDSCHs. Thus, in Spreadtrum’s opinion, the component 4 of FG 16-2a should be removed.

For FFS in FG 16-2a, Spreadtrum prefers not to define value of R.

For FG 16-2a-0 vs FG 16-2a-8, Spreadtrum thinks they are different: FG 16-2a-8 is only about reception behavior for FR2, while FG 16-2a-0 refers to both reception and processing capability for both FR1 and FR2. 

For component 2 of FG 16-2a-4, Spreadtrum argues that  Rel-16 supports two PUCCHs carrying HARQ-ACK transmission in a slot, which is not supported by Rel-15. For the two PUCCHs, Spreadtrum believes they could be two long PUCCHs or short PUCCHs, or one is short PUCCH and another is long PUCCH. Spreadtrum proposes for FGs about multi-DCI based multi-TRP:
· Suggest to delete component 4 of FG 16-2a

· Suggest to remove FFS component of FG 16-2a

· Suggest not to merge FG 16-2a-0 and 16-2a-8

· Suggest to revise component 2 of FG 16-2a-4 as ‘Support of two TDMed PUCCHs carrying HARQ-ACK in a slot, including two short PUCCHs, two long PUCCHs, and one short PUCCH and one long PUCCH’

FGs about single-DCI based multi-TRP:

From FG 16-2b-0 to FG 16-2b-5, Spreadtrum thinks FG 16-2b should not be the prerequisite feature groups for the sake of FG 16-2b doesn’t exist.
For the two FFS components of FG 16-2b-1, in Spreadtrum’s opinion, they are the basic components for single DCI based SDM scheme. Thus, Spreadtrum suggests to keep them in FG 16-2b-1.

For FFS part of FG 16-2b-5, Spreadtrum thinks whether both or one of the options is UE optional or not could be further discussed. In Spreadtrum’s opinion, cyclical mapping would require UE to switch beam per slot, to some degree, it will increase the UE complexity. In addition, Spreadtrum believes the benefit for cyclical mapping is not clear. Thus, in Spreadtrum’s opinion, at least cyclical mapping should be optional. Spreadtrum suggests to keep the FFS part.

In summary, Spreadtrum proposes or FGs about single-DCI based multi-TRP,

· Suggest to remove FG 16-2b as the prerequisite feature groups for FGs 16-2b-0/1/2/3/4/5
· Suggest to remove the two “FFS”s in FG 16-2b-1

· Suggest to remove the “FFS” in FG 16-2b-5, where at least cyclical mapping could be optional

FGs about UL full power transmission:

Regarding that both virtualization and TPMI group based reporting could achieve full power transmission, from the perspective of UE flexibility, Spreadtrum prefers to split FG 16-5c into two FGs: one for SRS resource, one for TPMI grouping which delivers full power.

For the first FFS component 4 in FG 16-5c, Spreadtrum suggests to remove it:there is no related agreements and no necessity that the number of port of SRS is related to UE capability.

For the second FFS component 5 in FG 16-5c, Spreadtrum suggests to remove it: there is no related agreements and no necessity as UE capability.

	OPPO [12]
	More TPMI group(s) for Mode 2 Reporting

OPPO recalls there is a remaining issues on TPMI groups for the UE capability reporting of Mode 2, namely, “additional entries on top of existing entries may be added”. On one hand, OPPO argues, two may TPMI groups mean two types of UE, which will lead to a fragmented market and harm the ecosystem. On the other hand, OPPO continues, the typical UE implementation should be supported by the TPMI reporting. From the UE perspective, according to OPPO, a PA architecture of [23  20  23  20] dBm is one of such typical implementations and should be optimized for the UE capability reporting.  For the current TPMI groups, OPPO believes a UE with [23  20  23  20] dBm can report G1 or G6 for full power transmission. However, OPPO admits, there are some TPMIs which will suffer power loss due to the limitation in either case. OPPO believes that the union set of G1 and G6 is a good TPMI groups for [23  20  23   20] dBm and can avoid the above-mentioned issue. Thus OPPO has the following proposal: For the TPMI groups for UE capability reporting, support an additional group G7 as the union set of G1 and G6.

UL full power transmission UE features

For 16-5b“UL full power transmission mode 1”, OPPO thinks the new UL codebook set(s) is specified in the spec and is not needed to report as UE capability and component 3 can be removed.

OPPO mentions there are two sub-features for 16-5c“UL full power transmission mode 2”:

· Sub-feature 1:  virtualization based operation (SRS resources with different numbers of SRS ports). Although antenna virtualization is not always in sub-feature 1, OPPO borrows the word “virtualization” here for convenience.  

· Sub-feature 2: TPMI-reporting based operation.

These two sub-features can work independently according to OPPO. OPPO gives some examples for different UE implementations. For UE with 4Tx and power class 3, a PA architecture of [17 17 17 17] dBm can support full power transmission via virtualization based operation which is named as sub-feature 1. Also a PA architecture of [23 23 17 17] dBm can support full power transmission via TPMI-reporting based operation listed which is named as sub-feature 2. For UE with 2 Tx and power class 3, a PA architecture [23 20] can support full power transmission via TPMI-reporting based operation named sub-feature 2. For UE with 2 Tx, it does not need to support sub-feature 1 since 1-port transmission scheduled by DCI 0_0 can achieve full power transmission.

Thus, for UEs with different implementations, OPPO thinks they will report different UE capabilities and it is beneficial to split the FG. OPPO thus proposes: 
· mode 0/1/2 can be replaced by RRC parameters as fullpower/fullpowerMode1/fullpowerMode2

· Remove Component  3 of mode 1 (16-5b)

· Remove Component  4 of mode 2 (16-5c)

· Split mode 2 into two sub-features or the two sub-features can be reported separately as UE capability since they can work independently.

· Sub-feature 1: Component 3 of 16-5c

· Sub-feature 2: Component 6 of 16-5c    

· If Component 3 and Component 6 in a FG, Rel-16 allows that they can be reported independently. 

Multiple TRP transmission for URLLC

In RAN1#98bis meeting, OPPO recalls, it was agreed to introduce two patterns for TCI states mapping to repetitions: cyclical mapping and sequential mapping. Several options were identified according to past agreements. According to OPPO, for option 1, UE needs to switch Rx beam every slot which may introduce additional complexity in UE implementation especially in FR2 with large subcarrier spacing. Therefore, OPPO proposes to support option 1 as optional UE capability and option 2 can be the default UE assumption if the corresponding RRC parameter is not configured. Specifically, for TCI state mapping to PDSCH transmission occasions for scheme 4, OPPO proposes:
· UE is not mandated to both support cyclical supporting and sequential mapping.

· Option 1 (Cyclical mapping) is optional UE capability.

MU-CSI

In a recent meeting, OPPO recalls, Rel.16 new UE capability for Rel.15 codebook are discussed. According to OPPO, it’s natural to have a similar UE capability for eType II codebook, that is, per band and per BC capability. OPOO proposes to support per band and per BC capability for FG16-3a/3b.

	Huawei, HiSilicon [13]
	Huawei has the following observations, comments, and proposals:
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16-1a-1
SSB/CSI-RS for L1-SINR measurement
1. 
2. 
3. 
4. 
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. 
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 BC
Optional with capability signalling


Component-1 to 4, candidate value set for MC_1 and MC_1-x is {0, 4, 8, 16, 32, 64}


Component-5: candidate value set: 

{"not supported", "1 only", "3 only", "both 1 and 3"}

Component-6, 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
3. Support of Simultaneous TCI state activation across multiple CCs: PDCCH, PDSCH

4. 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

2. 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


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 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

2. 
3. 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. 
4. FFS: Density of CSI-RS for new beam identification for SCell BFR 

2-31
N/A

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
2. 
3. 
4. 
2-24, 2-31
N/A

Per BC
No

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, Huawei 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. Huawei argues that 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. Huawei notes 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, Huawei proposes 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. Huawei believes there is no need to mandate all UEs to support such a large number, and proposes to add additional component on maximum number of PUCCH resources within each PUCCH resource group.

FG 16-1c/1d: Huawei expects a UE supporting these features will support them on all the bands it can support, and to reduce UE capability signalling overhead, Huawei proposes changing the reporting type as ‘per UE’. 

FG 16-1e: As Huawei mentioned in the 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, Huawei doesn’t see a need to have comp-2 of FG 16-1e, and Huawei proposes to remove. Similar to the comment on FG 16-1c/1d, Huawei proposes to change reporting type as ‘per UE’. 

FG 16-1f: As Huawei mentioned in the 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, Huawei doesn’t see a need to have comp-3 of FG 16-1f, and Huawei proposes to remove. As SCell beam failure recovery is meant to support CA/DC operation, Huawei proposes updating the reporting type as ‘per BC’.

FG 16-1g: To reflect Huawei’s 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, Huawei proposes to remove comp-2/3/4 and keep comp-1 only.  For comp-1, Huawei further proposes to include RLM-RS, which is similar to BFD-RS. To further improve sharing of UE processing capability in the case of CA/DC, Huawei proposes to change the reporting type of FG 16-1g as ‘per BC’. And the prerequisite feature groups should include FG 2-24/2-31 according to Huawei.
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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
3.  
4. Support fully/partially overlapping PDSCHs in time and non-overlapping in frequency
5. The maximal number of PDSCH scrambling sequences per serving cell


Yes
N/A

Per Band
N

N
Component 1: Candidate values {2, 3, 4, 5}

Component 2: 

Candidate values {1, 2, 3}

Component 4: 

Candidate values {1, 2}

16-2a-0

Full-overlapping in frequency domain

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 domain
1. 
2. Support partially overlapping PDSCHs in frequency and partially/fully overlapping in time

3. The maximum number of MIMO layers of each scheduled PDSCH 
4. 

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

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
2. 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 states per CORESETPoolIndex

2. The maximal total number of activated TCI states across CORESETPoolIndex per BWP
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
Support of receiving time-overlapping PDSCHs/PDCCHs with different Type-D


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

16-2a-10

Value of BD factor

The value of R 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
NA
Yes
N/A

Per band

TDD only

FR2 only

TBD

16-2b-1
Single-DCI based SDM scheme
1. Support of  Single-DCI based SDM scheme
2. Support of two PTRS ports
3. FFS Support of DMRS entry {0, 2, 3}
NA
Yes
N/A

Per band

N

N
TBD

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

NA
Yes
N/A

Per band

N

N
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
NA
Yes
N/A

 [per FSPC]
N

N
TBD

16-2b-4
Single-DCI based TDMSchemeA
1. Support of Single-DCI based TDMSchemeA
2. Supported maximum TBS size for TDMSchemeA
NA
Yes
N/A

Per band

N

N
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 TDM
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. 
NA
Yes
N/A

Per band

N

N
Component 2 candidate values: {8,16}

Component 3 candidate values {10 CBs, TBD}

TBD

Regarding to 16-2a-9, “[The maximum number of CCs supporting multi-DCI based multi-TRP simultaneously]”, Huawei prefers to remove the bracket. Huawei argues:
· 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
In summary, Huawei proposes FG 16-2a-9 with simultaneous reception across CCs with Multi-DCI shall be supported. 

For PDSCHs’ reception, Huawei argues at least time-domain overlapping PDSCHs should be supported in 16-2a. Huawei gives the 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.  
In summary Huawei proposes  “fully/partially overlapping PDSCHs in time and non-overlapping in frequency” shall be supported in 16-2a. 
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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. 

Yes
N/A
Not support regular eType-II codebook 
Per 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
Support CBSR with soft amplitude restriction

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


Yes
N/A
Not support port selection eType II codebook
Per 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}

16-3b-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 regard to the granularity of 16-3a/16-3b/16-3a-1/16-3b-1, Huawei thinks 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.  Huawei believes such potential issue has been extensively discussed in Rel-15 and Rel-16, and has been addressed by LS shown in R1-2002900. Huawei proposes that 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, Huawei prefers 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. Huawei prefers such a list is per BC. In Huawei’s 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, Huawei argues the UE will report UE capability independently associated each codebook type. In addition, according to Huawei, 16-8 will constraint the NW behaviour across all codebook types supported by a UE. 

Per Huawei, 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

According to Huawei, 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, Huawei believes 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, Huawei thinks 16-8 will help and can be slightly more aggressive. In 16-8, Huawei continues, the UE does not need to assume that solely type II codebook is used at the slot. Hence, in Huawei’s view, 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. Huawei thinks 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. 

Huawei proposes that 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. 
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

Huawei thinks the feature should be per band reporting. Since different band may have different requirement on DMRS sequences, Huawei argues the design of the UE capability should leave the flexibility of DMRS sequences on different band. Furthermore, Huawei believes 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. Huawei thinks it is beneficial to have the feature as per band to let UE balance the complexity.

Huawei proposes the FG for 16-4 and 16-6a/b/c should be per band reporting.

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
4. Supported UL full power transmission mode 1
5. [Number of Tx to support mode 1: {2Tx, 4Tx, 2Tx_4Tx}]
6. [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
2. Number of Tx 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]

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 according to Huawei, since in transmission Mode-1, it is assumed with no virtualization so that 2Tx_4Tx has no use. Huawei proposes for FG 16-5b “UL full power transmission mode 1”, the candidate values for component “Number of Tx to support mode 1” should be clarified.

For 16-5c, Huawei recalls 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, Huawei argues 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, according to Huawei, 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. Huawei argues the SRS visualization and full power TPMIs are the two parts of Model-2 solution. In the following, Huawei explains 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, it can be seen 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.

Huawei notes that UE may only support one of components, i.e., only support multiple SRS resources with different ports, or only support full power TPMIs. Huawei thinks 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 Huawei’s view, 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
Huawei prefers for FG 16-5c one FG for Mode-2 with two components. 

For component-6, 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 according to Huawei, 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. Huawei explains 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};

	Apple [14]
	Apple has the following observations, comments, and proposals:
Multi-beam Related Rel-16 eMIMO UE FGs
FG 16-1a-1: SSB/CSI-RS for L1-SINR measurement 

· Similar as FG2-24, this FG can be
· Per band, FFS UE under-reporting issues if UE can share processing power across bands

· No TDD/FDD differentiation

· Yes FR1/FR2 differentiation

· Keep the current components description. This FG needs to have components to capture the following issues

· The independent support/not-support of ZP-IMR and NZP-IMR

· Capture the UE capability related to 

· Computational complexity, i.e. in terms of active RS within a slot

· Memory, i.e. in terms of configured RS

· The CMR related capability 

· 2 ports CMR, similar as FG2-24

· Density, similar as FG2-24

· Aperiodic CSI capability since AP-CSI is the most time critical processing

· The UE under-reporting issue, i.e. processing power or memory can be potentially shared, partially or fully, between (1) CMR/ZP-IMR/NZP-IMR (2) CCs (3) Bands

· Prefer to separate SSB and CSI-RS for CMR in component 1 at least 

· When SSB is configured as CMR together with IMR, it is not easy to align the time domain pattern of SSB and IMR, therefore, it complicates the UE processing to find one to one QCL mapping of SSB and IMR as required by the current specification.

FG 16-1b: TCI state activation and spatial relation update

FG 16-1b-2: Spatial relation update across multiple CCs

For the second component, Apple prefers to remove the FFS, i.e. to confirm the component 2 in FG 16-1b and FG 16-1b-2. Apple explains it was agreed that for intra-band CA, UE can only use common beam management, i.e. use one beam for Tx or Rx at any given time in all CCs in the same band, due to the UE hardware limitation, i.e. only one RF phase shifter. Apple argues the same hardware limitation also exists for inter-band CA, especially when two bands are very close in frequency, however, the current specification does not handle this issue adequately. Therefore Apple believes the two components are very crucial to address this issue and propose to change the component 2 for the 2 FG as follows:

· Component 2 for FG 16-1b: group of bands that share the same spatial receiving filter

· Component 2 for FG 16-1b-2: group of bands that share the same spatial transmitting filter

Both FGs should be reported per UE and only applies to FR2.

FG 16-1e: Pathloss reference RS activation via MAC CE

· For component 2, Apple suggests to remove FFS and define it at least “within a slot across all CCs in a band”. Apple is okay that for each CC, UE is required to maintain/track at most 4 activated PL RS for PUSCH/PUCCH/SRS. However, Apple thinks one needs to consider the total number of PL RS that UE has to maintain/track for CA operation, similar as PDCCH BD and non-overlapping CCE, it is more preferred not to assume that the number of activated PL RS always linearly scaled as a function of the number of CCs

· For component 3, given the latest agreement in RAN1#100bis, it should be removed.

FG 16-1f: SCell beam failure recovery

· Component 1: Some clarification is needed about the maximum number. Is this about the BFD processing, CBD processing, or at any given slot, the maximum number of SCells that can be triggered with BFR?

· Component 2: prefer to remove FFS, it is not necessary for UE to support PUCCH-BFR for SCell BFR

· Component 3: prefer to remove the FFS, define it at least “within a slot across all CCs in a band”

FG 16-1g: Resources for beam management, [pathloss measurement, BFD, and BFR]
· Prefer to include at least RS for CBD in this feature group, processing of CBD is similar as processing of CSI-RS used for L1-RSRP reporting, and it could contribute significantly to the UE peak envelope processing complexity

· Prefer to cover both cases, similar as FG2-24 in Rel-15

· The UE processing complexity limitation, in terms of the active RS with a slot

· The UE memory limitation, in terms of the configured RS

· Prefer to change the components as 

· The max number of SSB/CSI-RS/[CSI-IM] resources (sum of aperiodic/periodic/semi-persistent) across all CCs configured/activated within a slot to perform L1-RSRP measurement, L1-SINR measurement, new beam identification, [pathloss measurement and BFD]

· The max number of SSB/CSI-RS/[CSI-IM] resources (sum of aperiodic/periodic/semi-persistent) across all CCs configured to perform L1-RSRP measurement, L1-SINR measurement, new beam identification, [pathloss measurement and BFD]

Multi-TRP Related Rel-16 eMIMO UE FGs

FG 16-2a: 16-2a Multi-DCI based multi-TRP

· Component 3: This can be removed since it is overlapping with FG16-2a-10

· Need to discuss the limitation on MIMO layers, i.e. whether to reuse per FSPC maxNumberMIMO-LayersPDSCH
· Component 4: for overlapping type of PDSCH, it should be 

· Non-overlapping RE and Non-overlapping in time

FG 16-2a-0: 16-2a Overlapping PDSCHs in time and non-overlapping in frequency

FG 16-2a-1: 16-2b Overlapping PDSCHs in time and non-overlapping in frequency

· Apple is okay to have “the maximal number of PDSCH scrambling sequences per serving cell”

· For the other 2 overlapping types of PDSCH, Apple prefers to have 

· Fully-overlapping PDSCH in RE

· All REs in PDSCH 1 overlap with PDSCH 2 in RE and All REs in PDSCH 2 overlap with PDSCH 1 in RE

· Partially-overlapping PDSCH in RE

· At least one RE in PDSCH 1 does not overlap with PDSCH 2 in RE or at least one RE in PDSCH 2 does not overlap with PDSCH 1 in RE

FG 16-2a-4: HARQ-ACK for multi-DCI based multi-TRP - separate 

· Component 2: Apple prefers to split into the following 3 cases. Note that Rel-15 does not support more than 1 HARQ-ACK in a slot

· Two TDMed long PUCCHs within a slot for HARQ-ACK

· TDMed short PUCCH and long PUCCH within a slot for HARQ-ACK

· TDMed short PUCCH and short PUCCH within a slot for HARQ-ACK

FG 16-2a-1: Single-DCI based SDM scheme 

· Component 1: If DCI indicating 2 TCI states in a TCI codepoint is captured as basic component, it should be consistently captured for the other schemes including FDMSchemeA, FDMSchemeB and TDMSchemeA, i.e., FG 16-2b-2/3/4

· Component 2:  Based on previous agreement, support of 2 port PTRS should be optional, need to find a way to correct it such as use bitmap, i.e. {1 port PTRS, 2 port PTRS}

FG 16-2a-3: Single-DCI based FDMSchemeB

· Component 2:  Based on previous agreement, CW soft combining should be optional, need to find a way to correct it such as use bitmap, i.e. {CW hard combining, CW soft combining}

FG 16-2a-5: Single-DCI based inter-slot TDM

· Component 1:  Inter-slot TDM has single TCI fall back mode to operate as DPS, therefore, strictly speaking, it is not a basic component for UE to support MAC CE to activate two TCI states for a TCI codepoint or DCI to indicate two TCI states 

MU CSI Related Rel-16 eMIMO UE FGs

FG 16-3a: Regular eType-II

· Need to discuss the dependency of the parameter setting on the triplets UE reported 

· For example, similar as Rel-15, UE can report the supported maximum L for each number of ports of CSI-RS for CMR.

FG 16-3a: Support of PMI sub-bands with R=2

If triplet is reported, need to consider the ways to reduce the overhead. For example, for the triplets that UE reports UE support R=2, UE can also support R=1 so that the triplets do not need to be reported twice.

UL Full Power Related Rel-16 eMIMO UE FGs

16-5b: UL full power transmission mode 1

· Component 2: need to cover the possibilities of downgrade configuration including {4 port non-coherent, 4 port partial-coherent, 2 port non-coherent}, therefore, component 2 seems to be needed

· Component 3: can be removed

16-5b: UL full power transmission mode 2

· Component 2: need to cover the possibilities of downgrade configuration including {4 port non-coherent, 4 port partial-coherent, 4 port full-coherent, 2 port non-coherent, 2 port coherent}

· For each configuration, UE should be able to flexibly indicates the following 3 components independently

· The TPMI bitmap or list that UE supports full power transmission, including the possibility that UE does not support any

· The maximum number of SRS resources per SRS resource set, prefer to have value {1, 2, 4}

· Whether different number of ports can be configured per SRS resource set 

· At least the case when 4 ports SRS resource is configured in an SRS resource set, whether 2 ports SRS resource can be configured in the same SRS resource set. 

	Ericsson [15]
	Ericsson has the following observations, comments, and proposals:
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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 or IMR 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 or IMR 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 UE
Optional with capability signalling

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

Optional with capability signalling

Candidate value set is {1, 2, 4}

16-1a-3

Group based L1-SINR reporting

1. Support of group based L1-SINR reporting

16-1a-1

Per band

Optional with capability signalling

16-1b
TCI state activation across multiple CCs 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]

Per UE
N
Y
TBD

Optional with capability signalling
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]

Per UE
N

Y

TBD

Optional with capability signalling
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

 [Per BC or per band]

Per UE
N

Y

TBD

Optional with capability signalling
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
 [Per band]
N
Y
TBD

Optional with capability signalling
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]
N
N
TBD

Optional with capability signalling
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

2. FFS: The maximum number of activated pathloss reference RS update for PUSCH/SRS/PUCCH [across CCs / within a slot across all CCs / per CC]

3. FFS: Number of measurement samples N to apply newly activated pathloss reference RS
8-2, 8-3
N/A
 [Per UE]
N
N
TBD

Optional with capability signalling
16-1f
SCell beam failure recovery
1. The maximum number of SCells for SCell beam failure recovery  

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
 [Per UE]
N
TBD

Optional with capability signalling
16-1g
Resources for beam management, [pathloss measurement, BFD, and BFR]
1. The maximum number of unique SSB/CSI-RS/[CSI-IM] resources [within a slot] across all CCs configured for any of L1-RSRP measurement, L1-SINR measurement, [pathloss measurement, BFD, and new beam identification]. 
2. FFS: The maximum number of SSB/CSI-RS resources within a slot across all CCs for pathloss measurement

3. FFS: The maximum number of SSB/CSI-RS resources within a slot across all CCs for BFD

4. FFS: The maximum number of SSB/CSI-RS resources across all CCs for new beam identification
N/A
[Per UE]
N
TBD

Optional with capability signalling
FG 16-1a-1: 

The RS-related feature group should have two types of sub components: i) components related to the max number of RS resources per slot across CCs, and ii) components related to the max number of configured RS resources. The first type is related to how many measurements the UE would have to perform in a certain period of time, whereas the second is more related to the memory in the UE.

For the “per slot” capability, it is noted that the interference calculation on CSI-IM and NZP-CSI-RS for IMR are identical. A UE capable of interference measurements on N CSI-IM resources should also be capable of interference measurements on N NZP-CSI-RS resources, or any combination of k CSI-IM resources and N-k NZP-CSI-RS resources. There does not seem to be any reason to distinguish between the two. Also, the RSRP part of the measurement is quite similar. Based on this it is proposed to only have a capability that states the sum of configured resources for CMR and IMR. (component 4)

A similar argument applies to the “configured” capability. As this is related to the memory consumption in the UE, the capability needs to capture the memory consumption of the various resources. The memory required to store an SSB, a single-port CSI-RS or CSI-IM resource would be similar. It is proposed to combine those into one component (component 5). Then, the memory required to store a 2-port CSI-RS resource could be larger, whereas its purpose is less important. It is thus proposed to add the total number of 2-port CSI-RS resources as one component (component 9).

No need for FDD/TDD differentiation. No need for FR1/FR2 differentiation.

The feature should be optional with capability signalling.

FG 16-1: 

The TCI state activation across CCs is a feature where one MAC CE is used to signal an update of the TCI state in multiple CCs. In R15, one MAC CE was used to indicate that the UE shall activate a TCI state with a certain Id on one CC. In R16, one MAC CE can be used to indicate that the UE shall activate a TCI state with a certain Id on one CC and the TCI state with the same Id is activated on another CC. Note that the TCI states are still different: it is only the Id that is the same. So the feature is not about sharing TCI states across CCs. Hence, the FFS point should be deleted. There is no RF impact of this feature, the UE only needs to support to a new type of MAC CE signalling. As this is a baseband feature, it should be per UE.

The feature should be optional with capability signalling.

FG 16-1b-2: 

The spatial relation activation across CCs is a feature where one MAC CE is used to signal an update of the spatial relation in multiple CCs. In R15, one MAC CE was used to indicate that the UE shall activate a spatial relation with a certain Id on one CC. In R16, one MAC CE can be used to indicate that the UE shall activate a spatial relation with a certain Id on one CC and the spatial relation with the same Id is activated on another CC. Note that the spatial relations may still be different: it is only the Id that is the same. So the feature is not about sharing spatial relations across CCs. Hence, the FFS point should be deleted. As this is a baseband feature, it should be per UE.

The feature should be optional with capability signalling.

FG 16-1b-3: 

As this is a baseband feature, it should be per UE.

The feature should be optional with capability signalling.

FG 16-1c: 

The feature type is per band.

The feature should be optional with capability signalling.

FG 16-1d: 

The feature only indicates support/no support – similar to the signalling for SP-SRS. 

The feature type is per UE.

The feature should be optional with capability signalling.

FG 16-1e: 

The functionality for bullet 2 is unclear: should it really be “maximum number of activated pathloss reference RS update”? Propose to remove.

The feature type is per UE.

The feature should be optional with capability signalling.

FG 16-1f: 

PUCCH-BFR should be a mandatory part of SCell BFR – if the UE reports that is supports BFR on one (or more) SCells, it should also support PUCCH-BFR. The additional UE complexity should be small, since the normal SR structure is reused. For component 3, the different options in the brackets have different implications – is it a limitation on processing or memory? It is noted that a “per slot” limitation can be included in 16-1g. For component 4, it should be aligned with SpCell beam failure detection.

The feature type is per UE.

The feature should be optional with capability signalling.

FG 16-1g: 

OK to include configured RS resources for L1-RSRP, L1-SINR and candidate beam identification. The RS resources should be unique: an SSB that is configured for L1-RSRP measurements and candidate beam identification is counted as one resource.

There is no need for the FFS points: 2 and 3 are only RSRP measurements, and there is no need to distinguish them. For bullet 4, there is an identical FG in R15 – however the maximum value of the feature is 128. 

The feature type is per UE.

No need for FR1/FR2 differentiation.

The feature should be optional with capability signalling.
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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
3. [Support fully/partially overlapping PDSCHs in time and non-overlapping in frequency] [for FR1]
4. The maximal number of PDSCH scrambling sequences per serving cell
FFS whether default value of R is needed

FFS
N/A

TBD [per band / per FSPC]
No

TBD

FFS

Optional with capability signalling
16-2a-0

PDSCHs with full Overlapping in frequency and full overlapping in time (fully overlapping REs)  in frequency and  PDSCHs in time and non-overlapping in frequency
1. 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 in frequency and fully overlapping in time (fully overlapping REs).

2. The maximum number of MIMO layers of each scheduled PDSCH [if  PDCCHs scheduling fully/partially/non-overlapped PDSCHs in time and frequency domain]

FFS whether default values of component 2 to be included in 16-2a

16-2a
per band
Optional with capability signalling
16-2a-1
PDSCHs with partial overlapping frequency and full/partial overlapping in time (partially overlapping REs)
Simultaneous reception of Multiple PDSCHs overlapping in frequency
1. Support fully overlapping PDSCHs at frequency and partially/fully overlapping at time

1. Support partially overlapping PDSCHs in frequency and partially/fully overlapping in time (partially overlapping REs)

2. The maximum number of MIMO layers of each scheduled PDSCH [if  PDCCHs scheduling fully/partially/non-overlapped PDSCHs in time and frequency domain]

3. The maximal number of PDSCH scrambling sequences per serving cell

FFS whether default values of component 23/4 to be included in 16-2a

16-2a
per band
Optional with capability signalling
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
per UE
Note: this FG is a WA in RAN1

Optional with capability signalling
16-2a-3
Out-of-order operation for UL
1. Support out-of-order operation for PDCCH to PUSCH
16-2a
per UE
Optional with capability signalling
16-2a-4

HARQ-ACK for multi-DCI based multi-TRP - separate
1. Support of separate HARQ-ACK
2. [Support of two TDMed long PUCCHs in a slot]
16-2a
per UE
Optional with capability signalling
16-2a-4a

HARQ-ACK for multi-DCI based multi-TRP - joint

1. Support of joint HARQ-ACK 
16-2a
per UE
Optional with capability signalling
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
per UE
Optional with capability signalling
16-2a-6

Default QCL enhancement for multi-DCI based multi-TRP

Support of default QCL assumption per CORESETPoolIndex
16-2a
per band
FR2 only
Optional with capability signalling
16-2a-7

Maximum number of activated TCI states

1. Support of maximum number of TCI states per CORESETPoolIndex

2. Support of total maximum number of TCI states
FFS whether default values to be included in 16-2a
16-2a
per UE
Optional with capability signalling
16-2a-8

Simultaneous reception with different Type-D
1.  whether UE supports receiving time-overlapping [PDSCHs]/PDCCHs with different Type-D

2. Support fully/partially overlapping PDSCHs in time and non-overlapping in frequency for FR2

FFS whether default values to be included in 16-2a
16-2a
per Band
FR2 only
Optional with capability signalling
16-2a-9

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

Optional with capability signalling
16-2a-10

Value of BD factor

R=[(1,2] for BD/CCE

16-2a
Per UE

Optional with capability signalling
16-2b-0
Two default beams for single-DCI based multi-TRP
Support of default QCL assumption with two TCI states
16-2b
N/A

Per band

TDD only

FR2 only

TBD

Optional with capability signalling
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, TBD
N/A

Per band

N

TBD

TBD

Optional with capability signalling
16-2b-2
Single-DCI based FDMSchemeA
Support of FDMSchemeA

16-2b, TBD
N/A

Per band

N

TBD

TBD

Optional with capability signalling
16-2b-3
Single-DCI based FDMSchemeB
1. Support of FDMSchemeB

2. For FDMSchemeB, whether the UE can support CW soft combining

16-2b, TBD
N/A

 [per FSPC]
N

TBD

TBD

Optional with capability signalling
16-2b-4
Single-DCI based TDMSchemeA
1. Support of TDMSchemeA

2. Supported maximum TBS size for TDMSchemeA

16-2b, TBD
N/A

Per band

N

TBD

Component 2 candidate values {10 CBs, TBD}

TBD

Optional with capability signalling
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
4. FFS: TCI state mapping to PDSCH transmission occasions (Cyclical mapping  or Sequential mapping)
16-2b, TBD
N/A

Per band

N

TBD

Component 1 candidate values: {8,16}

Component 2 candidate values {10 CBs, TBD}

TBD

Optional with capability signalling
Regarding Mandatory/Optional column:

All features related to multi-TRP/multi-panel transmission should be optional with capability signalling.

FG 16-2a: 

The component ‘3.  The value of R=[1,2] for BD/CCE’ can be removed as it is now part of 16-2a-10.

Remove the brackets around ‘Support fully/partially overlapping PDSCHs in time and non-overlapping in frequency’ as this is one of the basic features for multi-dci based multi-TRP scheduling.  Note that if this feature is removed, then only TDM based scheduling can be done which will result in throughput degradation.  Okay to support this feature for FR1 as part of 16-2a.

· “The maximal number of PDSCH scrambling sequences per serving cell” currently captured under 16-2a-1 is a better fit as part of 16-2a.  Hence, suggest to move “The maximal number of PDSCH scrambling sequences per serving cell” from 16-2a-1 to 16-2a.   

The feature type is ‘per band’.

FG 16-2a-0: 

This feature group name needs to be changed to ‘PDSCHs with full Overlapping in frequency and full overlapping in time (fully overlapping REs)’.

A first component for this FG is ‘Support fully overlapping PDSCHs in frequency and fully overlapping in time (fully overlapping REs)’.

· A second component for this FG is ‘The maximum number of MIMO layers of each scheduled PDSCH’.  The text with ‘[if  PDCCHs scheduling fully/partially/non-overlapped PDSCHs in time and frequency domain]’ can be removed.

· 16-2a is a prerequisite for this FG.

· The feature type is ‘per band’.

FG 16-2a-1: 

This feature group name needs to be changed to ‘PDSCHs with partial overlapping frequency and full/partial overlapping in time (partially overlapping REs)’.

A first component for this FG is ‘Support partially overlapping PDSCHs in frequency and partially/fully overlapping in time (partially overlapping REs)’.

· A second component for this FG is ‘The maximum number of MIMO layers of each scheduled PDSCH’.  The text with ‘[if  PDCCHs scheduling fully/partially/non-overlapped PDSCHs in time and frequency domain]’ can be removed.

· 16-2a is a prerequisite for this FG.

· The feature type is ‘per band’.

FG 16-2a-2: 

· 16-2a is a prerequisite for this FG.

· The feature type is ‘per UE’.

FG 16-2a-3: 

· 16-2a is a prerequisite for this FG.

· The feature type is ‘per UE’.

FG 16-2a-4: 

· 16-2a is a prerequisite for this FG.

· The feature type is ‘per UE’.

FG 16-2a-4a: 

· 16-2a is a prerequisite for this FG.

· The feature type is ‘per UE’.

FG 16-2a-5: 

· 16-2a is a prerequisite for this FG.

· The feature type is ‘per UE’.

FG 16-2a-6: 

· 16-2a is a prerequisite for this FG.

· The feature type is ‘per band’.

· The FR1/FR2 differentiation column can be set to ‘FR2 only’

FG 16-2a-7: 

· 16-2a is a prerequisite for this FG.

· The feature type is ‘per UE’.

FG 16-2a-8: 

· Add a second component ‘Support fully/partially overlapping PDSCHs in time and non-overlapping in frequency for FR2’

· Remove ‘[PDSCHs]’ from the first component.

· 16-2a is a prerequisite for this FG.

· The feature type is ‘per band’.

FG 16-2a-10: 

· 16-2a is a prerequisite for this FG.

· The feature type is ‘per UE’.

FG 16-2b-0: 

· Remove 16-2b from prerequisite as 16-2b does not exist.

FG 16-2b-1: 

· Remove 16-2b from prerequisite as 16-2b does not exist.

FG 16-2b-2: 

· Remove 16-2b from prerequisite as 16-2b does not exist.

FG 16-2b-3: 

· Remove 16-2b from prerequisite as 16-2b does not exist.

FG 16-2b-4: 

· Remove 16-2b from prerequisite as 16-2b does not exist.

FG 16-2b-5: 

· Remove ‘Support of MAC CE to activate two TCI states for a TCI codepoint’ as this feature can also work for single TRP.

· Remove last FFS ‘TCI state mapping to PDSCH transmission occasions (Cyclical mapping  or Sequential mapping)’ as this does not need to be a UE capability.

· Remove 16-2b from prerequisite as 16-2b does not exist.
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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

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

N

Optional

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) 

3. Support of rank 1,2

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

N

Optional

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

[Per band]
16-8

Active CSI-RS resources and ports for mixed codebook types in any slot

FFS: the detailed component design

For a detailed discussion on 16-7 and the FFS in 16-8, see R1-2004527. 
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16-4

Low PAPR DMRS for DL

Low PAPR DMRS for PDSCH

TBD 

N/A

Per UE

N

N

[Optional] Mandatory with capability signalling
16-6a

Low PAPR DMRS for PUSCH without transform precoding

1. For PUSCH without transform precoding

TBD

Y

N/A

Y

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 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

Y

N/A

Y

FFS: Per band

N/A

N/A

FFS: Optional with capability signalling

FG 16-4: This is not an enhancement. This is a correction of a critical flaw in Rel-15 DMRS design. Hence, it needs to be mandatory with capability signalling. 
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16-5a
UL full power transmission [mode 0]
with Ul-FullPowerTransmission set to ’fullpower’
1. Supported UL full power transmission [mode 0] Support for UL full power transmission with factor ‘s’ from 38.213 section 7.1 fixed to ‘s’ = 1
2-13, 2-14

Yes
N/A

Yes

FFS: Per FS or Per band or Per band per BC
Per band
N/A

N/A

FFS
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}]
3. [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
Per band
No

No

FFS
16-5c
[UL full power transmission mode 2]
1. [Supported UL full power transmission mode 2
2. Number of Tx 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]

2-13, 2-14

N/A

FFS: Per FS or Per band or Per band per BC
No

No

FFS
16-5c-1
UL full power transmission mode 2 with multiple SRS resources
1. Number of ports to support mode 2: {2_1,  4_1,  4_2_1}

2. The maximum number of SRS resources in set with ‘usage’ = codebook
Note: UE indicating mode 2 shall support full power transmission for 1 antenna port
2-13, 2-14
N/A

Per band
No

No

Optional

16-5c-2
UL full power transmission mode 2 with full power TPMI
1. Number of ports to support mode 2: {2,  4}

2. TPMI(s) or TPMI group which delivers full power:
A. For 2 Tx: {one of TPMI=0 and TPMI=1 is supported}, or

B. For 4 Tx non-coherent: {one of Group 0 – Group 3}, or

C. For 4 Tx partial coherent: { one of Group 0 – Group 6}

Note: UE indicating mode 2 shall support full power transmission for 1 antenna port

2-13, 2-14
N/A

Per band
No

No

Optional
In general:

Changes are marked in blue, and the updates from the outcome of the eMIMO UE capability discussion are in red.
Preference is to have full power be per-band capability, which is in line with RAN2’s request to limit per-band-per-band combination signalling.  The more band combinations there are, the harder it is to schedule the UEs, and the less likely the features are to be implanted in CA.  So unless there is some strong motivation, prefer the simpler capability.

FG 16-5a:

Regarding the term ‘mode 0’, the following alternative got some traction in RAN1#100bis-e email discussions.   

16-5a

UL full power transmission with Ul-FullPowerTransmission set to ’fullpower’
Support for UL full power transmission with factor ‘s’ from 38.213 section 7.1 fixed to ‘s’ = 1

The alternative below was supported by a couple of companies, but seems less informative, since the two columns are identical.  The reference to the RAN1 spec in the alternative above is more precise and might be useful, although probably not essential, to help RAN2 with an RRC field definition for the capability.

16-5a

UL full power transmission with Ul-FullPowerTransmission set to ’fullpower’
UL full power transmission with Ul-FullPowerTransmission set to ’fullpower’
FG 16-5b:

The changes proposed by the moderator marked in red are needed.  This was discussed during the work item, and no need was identified for additional Mode 1 TPMIs.

FG 16-5c:

Whether the maximum number of SRS resources and the supported full power TPMIs are in separate feature groups for Mode 2 was debated at length in RAN1#100bis-e, and no decision was reached.  According to the RAN1#97 agreement on Mode 2:

UL full power Tx is achieved for PUSCH transmission according to indicated SRI and/or TPMI

Therefore, a UE can use one of SRI or TPMI or both in Mode 2 operation.  Independent SRS port UE and TPMI capabilities are consistent with, but not required for, this since a UE can be configured for less than what it is capable of.

According to the agreement in RAN#98, ‘a maximum of 4 SRS resources are supported in Mode 2’ and ‘either up to 2 or 4 SRS resources are supported’.

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’

 Two different interpretations have been put forward in RAN1#100bis-e discussion [100b-e-NR-UEFeatures-LS]:

1. A Mode 2 UE must support at least 2 SRS resources.

The rationale is that up to only 2 or 4 resources, not 1 or 3 resources are identified as supported depending on UE capability.  If a UE could support 1 SRS resource in Mode 2, that would have been listed in the agreement.  If one argues that 1 SRS resource can be supported, then 3 SRS resources should also be supported.

2. A Mode 2 UE can support a maximum of 2 or 4 resources, as it is not agreed to a minimum number of SRS resources in Mode 2

The interpretation of either ‘up to 2 or 4 SRS resources are supported’ cannot in this interpretation mean that a Mode 2 UE that supports only 1 SRS resource indicates capability up to 2 or 4.  So ‘supported’ must mean that the specification supports operation with up to 2 or 4 resources.  But if the specification supports up to 4 it also supports up to 2.  Also, ‘a maximum of 4 SRS resources are supported in Mode 2’ seems to address the maximum number of SRS resources that is allowed for 4 Tx in specification, otherwise the sub-bullet would not have been needed at all.  Lastly, the sub bullet specifically mentions UE capability, so how this interpretation is possible is not clear.

It is concluded that the existing agreements require that a Mode 2 UE support at least 2 SRS resources.  On the other hand, it may be questioned why a UE should be required to support multiple SRS resources if it can support full power via TPMI indication.  There pro’s and con’s to SRI operation and TPMI operation in mode 2.  SRI indication allows the network to know what one port transmission looks like, especially for DCI format 0_0, and SRI indication can indicate increased, but not full power, transmission for rank 1 operation with 4 Tx, whereas TPMI indication alone can’t do this.  On the other hand, multiple SRS resources have the potential to increase SRS resource overhead and battery drain.  While the expectation is that SRS overhead should quite small if e.g. aperiodic SRS transmission is used, it is certainly straightforward to say that if a UE transmits multiple SRS resources at the same rate, the overhead does increase. 

Observations:

· Current agreements require Mode 2 UEs to support at least 2 SRS resources

· A UE can be independently configured in Mode 2 to use full power TPMI with one SRS resource or to use multiple SRS resources without capability for full power TPMI

· There are pro’s and con’s to either of these configurations, although from a performance perspective SRI indication may be advantageous if only one of the two is supported.

For the sake of progress, OK to have a new agreement allowing a UE capable of only 1 SRS resource in codebook based operation to be included in full power Mode 2, provided that capability for multiple SRS resources with different numbers of ports and for the support of full power TPMIs are independent.

Proposal:

· Mode 2 UEs support one of at most 1, 2, or 4 SRS resources

· One feature group is defined that indicates if the UE supports 2 or 4 SRS resources in Mode 2

· Another feature group is defined that indicates support for full power TPMIs in Mode 2 with at least one SRS resource

· The two feature groups are independent, but the UE supports at least one for Mode 2

Regarding the detailed components:

· For the number of Tx in 16-5c-1 (on multiple SRS resources for Mode 2)

· All UEs support full power with single port, and UEs may/may not be able to virtualize from 4 ports to 2, so the port combinations are 2_1, 4_1, 4_2_1.

· ‘FFS: Number of ports per SRS resource’ should be removed

· No reason to restrict the port combinations

· ‘FFS: Maximum number of different spatial relation info for all SRS resources for usage set to ‘codebook’ in a resource set’ should be removed, since the maximum of 2 was agreed already as shown above.

	Qualcomm Incorporated [16] 
	Qualcomm has the following observations, comments, and proposals:
CSI UE features
On 16-3a/3b, 16-3a/3b- and 16-8, the granularity should be per FS, as CSI-RS capabilities associated with all codebooks FG2-36/40/41/43 are reported per FS. On subfeatures 16-3a-2/3/4 and 16-3b-2, the granularity is per-band.

On 16-8, the intention is to restrict scheduling active CSI-RS resources for concurrent codebooks with mixed types, so as to resolve the underreporting issue for each codebook type. In general, there exist three ways to achieve the restriction:

· Option 1 (Explicit capability reporting): Report concurrent codebook capabilities, e.g., Type II + Type I, eType II + Type I;

· Option 2 (rule-based): The combined capability of the concurrent codebooks shall be within the capability of each codebook.

· For concurrent codebook 1 with [image: image2.png](y, k1)



 and codebook 2 with [image: image4.png](9, k)



, where [image: image6.png]


 and [image: image8.png]


 denote the number of ports per resource and the number of resources for codebook [image: image10.png]


 triggered by the gNB, the UE expects [image: image12.png](max{p;, po}, ki + ko, p1 kg + 1oks)



 is within the capability report of both codebook 1 and codebook 2.

· E.g., (8,2) Type I + (16,1) Rel-16 Type II is valid if (max{8,16}, 2+1, 8*2+16*1)=(16,3,32) is within the reported capability of Type I and Rel-16 Type II
· Option 3: Avoiding concurrent processing of codebooks with mixed types
Option 3 is the most straightforward solution (note the network can still configure different codebook type in report config, just they should not be active in any slot). This might be reasonable for some codebook combinations (Type II + eType II, for example). However, for other combinations, this solution can be overly restrictive due to the following reasons. 

· The max number of resources reported in FG2-36/40/41/43 is applied to active resources. If the network configures a type I CSI report based on periodic CSI-RS, such type I CSI report would be considered as always active as the active time of periodic CSI-RS starts from the RRC configuration to the deconfiguration. Then, if concurrent processing of different codebooks is avoided, the network may never be able trigger a Type II CSI until receiving RRC to deactive the periodic CSI-RS. 

· Another reason to allow concurrent processing of different codebook types lie in intra-band CA case. For example, a UE may operate on a narrow BWP in CC1 and a wider BWP in CC2, then the network may choose to trigger a Type I CSI in CC1 and a Type II in CC2.
Option 1 and 2 address the underreporting issue and accommodate useful concurrent codebook combinations with mixed types. An evaluation of the two schemes is illustrated in [16]. With current spec, the UE reports 6 resources for Type I in FG2-36, while the UE would have to underreport capability as 2 resources for Type II – lose actual capability even when network has no intention to trigger mixed type report.

· With option 2, the UE reports 6 resources for Type I in FG2-36, while the UE may report 4 resources for Type II – meet the actual capability for no concurrency case, but loss some concurrent codebook combinations. An extreme case (though not shown in Figure 1) is that if UE reports support max 1 resource for Type II, then it may never be scheduled to process Type I + Type II concurrently. 

· With option 1, the UE reports 6 resources for Type I in FG2-36, while the UE may report 4 resources for Type II and report 5 resources for Type I + Type II. It solves the underreporting issue to a satisfying level by allowing UE reporting a more aggressive value in FG2-41 (i.e., 4). Also, it enables more concurrent processing of Type I + Type II CSIs.

The drawback of the option 1 is possible large RRC overhead, as there are 6 codebook types and the number of combinations is countless. Hence, a more balanced solution is to combine the option 1, 2 and 3. That is, the UE may report useful codebook combinations via option 1, then apply option 2 and 3 to the combinations that are not reported. In this way, the RRC overhead is reduced while preserving a certain flexibility in CSI request.

Observation 2-1: Option 3 (avoiding concurrent processing of codebooks with mixed types) useful to restrict non-typical codebook combinations, e.g., Type II + eType II and combination of more than 2 codebook types, but it is too restricted from two perspectives: 1) Type II CSI may never triggered in a Type I CSI is based on periodic CSI-RS; 2) typical codebook combinations, e.g., Type I + (e)Type II, is also avoided. 

Observation 2-2: Option 2 (rule-based scheme) lose some flexibilities in triggering current CSI reports with mixed codebook types, option 1 (explicit signaling) may cause large RRC overhead.

Proposal 2-1: In Rel-16, support option 1 (explicit capability signalling), option 2 (rule-based scheme), option 3 (avoiding concurrent processing of codebooks with mixed types) or combination of them to specify UE capability of processing concurrent codebooks with mixed types as the following table

Number of codebooks in concurrency

Mixed codebook types

Solution

>2

Any types

Option 3

=2

Any pair of {Type II, Type II PS, eType II, eType II PS}

Option 3

Type I SP + Type I MP

Option 1 (with limited number of signalings) + option 2 (applied to the rest not signalled in option 1)

Type I SP/MP + any of {Type II, Type II PS, eType II, eType II PS}

Proposal 2-2: For FG16-8, support the following components. Also capture in TS38.14 spec that option 3 (avoiding concurrent processing of codebooks with mixed types) for more than 2 codebook concurrencies and any combination of {Type II, Type II PS, eType II, eType II PS}, option 2 (rule-based scheme) is applied to codebook concurrencies not signalled in FG16-8 and not avoided by option 3.

16-8
Active CSI-RS resources and ports for mixed codebook types in any slot

Signaling {CB1, CB2, max # Tx ports per resource, max # resource, max # total ports} 
Multi-DCI based mTRP features

FG 16-2a and FG 16-2a-9: 

· The type of the FG should be per FSPC. Since support of multi-DCI requires more complexity, the UE should be able to indicate the support of this feature per-CC of per-band and per-band-combination. Note that the FG 16-2a-9 cannot achive the required flexibility that is needed for the UE to indicate the support of multi-DCI based mTRP. A 20MHz CC does not have the same complexity as a 400MHz CC. In addition, the number of CCs that are supported with multi-DCI depends on a band combination support. For example, in a first band combination where UE indicates support of 8 CCs, a larger number of CCs can be supported with multi-DCI based mTRP compared to a second band combination where UE indicates support of 16 CCs. Hence, FG 16-2a-9 sould be removed while the type of FG 16-2a can be kept per FSPC.

· Two components should be added to the FG for “PDSCH processing capability” and for “maximum number of unicast PDSCHs per CORESETPoolIndex per slot”. This is because the UE should be able to indicate the support of multi-DCI feature per-CC of per-band and per-band-combination in the presence/absence of other features that impact the complexity (such as processing capability, or number of TBs per slot). Regarding “maximum number of unicast PDSCHs per CORESETPoolIndex per slot”, it should be noted that this is aligned with all the other features in multi-DCI based multi-TRP that is defined per CORESETPoolIndex value (e.g. # of CORESETs, # BD/CCE limit, etc.)

· “The value of R” can be removed as it this is now a new FG (FG 16-2a-10).

FG 16-2a-0 and FG 16-2a-8: 
Aspects related to simultaneous QCL-TypeD are covered in FG 16-2a-8, which is applicable also across CCs in FR2 (for intra-band CA). Hence, time overlapping PDSCHs in the same CC in FG 16-2a-0 should not be confused with FG 16-2a-8. Bracket around PDSCH in FG 16-2a-8 should be removed.

FG 16-2a-1: 

Since maximum number of MIMO layers per scheduled PDSCH is one of the components, this FG should be per FSPC. Alternatively, this component can be removed from the FG in which case the type can be per band.

FG 16-2a-3i (newly added row): 
If UE indicates support of out-of-order operation for PDCCH to PUSCH through FG 16-2a-3, uplink power control in the case of same closed loop index for PUSCHs associated with different CORESETPoolIndex values should be an optional feature. The reason is as follows: In Rel. 15, the TPC command accumulation procedures as described in 38.213 Section 7.1.1 in which the equation [image: image13.wmf](
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is used. When PDCCH to PUSCH is in-order as in Rel. 15, the procedures are fairly simple with respect to when a TPC command should be considered for a PUSCH transmission. However, when out-of-order operation for PDCCH to PUSCH is allowed, and in the case that two closed loop indexes are not configured for PUSCH transmissions corresponding to the two values of CORESETPoolIndex, the ordering in which TPC commands in the DCI should be considered for each PUSCH transmission requires more complex handling at the UE side as shown in the Figure below: In the absence of DCI3 and PUSCH3 (which are associated with CORESETPoolIndex=1 and are out-of-order with respect to DCI2 and PUSCH2), PUSCH1 power is increased by 1dB and PUSCH2 power by 2dB as the TPC command in DCI2 applies to PUSCH2. However, in the presence of DCI3 and PUSCH3, UE needs to ensure that TPC commands are not double counted, and TPC command in DCI3 may be applied before transmission of PUSCH3 takes place. These additional complexities are taken care of if the network uses different closed loop indices for PUSCHs corresponding to different CORESETPoolIndex vlues.

FG 16-2a-4: 

A UE that supports separate HARQ-Ack feedback for multi-DCI based mTRP may not support two long PUCCHs within one slot. Hence, the second component should be changed to maximum number of long PUCCHs within one slot for more flexible signalling so that UE can indicate either 1 or 2.

FG 16-2a-6: 

A pre-requisite for supporting two default QCL assumptions is the support of two simultaneous QCL-TypeD (FG 16-2-8), and both are applicable to FR2 only.

FG 16-2a-7: 

· It should be clarified that both components represent the maximum number of active TCI states for both data and control, which is the similar to the Rel. 15 FG 2-4.

· For component 2, the value cannot be arbitrary, e.g., it cannot be smaller than component 1. However, it is possible that the value is either the same as component 1 or it is twice as the value indicated by component 1.

FG 16-2a-10: 

The value of R should be signalled per band combination since it is possible that the UE supports R=2 for a given band combination (e.g. with smaller number of total supported CCs) while it supports R=1 for a different band combination (e.g. with larger number of total supported CCs).

16-2a

Multi-DCI based multi-TRP

5. The maximum number of CORESETs configured per “PDCCH-Config”

6. The maximum number of CORESETs configured per CORESETPoolIndex ( if CORESETPoolIndex is not configured, it is assumed CORESETPoolIndex = 0) per “PDCCH-Config”

7.  
8. [Support fully/partially overlapping PDSCHs in time and non-overlapping in frequency] [for FR1]
9. PDSCH processing capability for a CC configured with multi-DCI

10. Maximum number of unicast PDSCHs per CORESETPoolIndex per slot
FFS whether default value of R is needed

TBD
N/A

Per FSPC
N

N/A
Component 1 candidate values: {2, 3, 4, 5}
Component 2 candidate values: {1, 2, 3}
Component 4 candidate values: {Capability 1, Capability 2 with scheduling limitation, Capability 2}

Component 5 candidate values: {1, 2, 4, 7}
TBD

16-2a-0

Overlapping PDSCHs in time and non-overlapping in frequency

2. Support fully/partially overlapping PDSCHs in time and non-overlapping in frequency [merge with 16-2a? 
16-2a
Per FSPC
16-2a-1
Simultaneous reception of Multiple PDSCHs overlapping in frequency
2. Support fully overlapping PDSCHs at frequency and partially/fully overlapping at time

3. Support partially overlapping PDSCHs in frequency and partially/fully overlapping in time

4. The maximum number of MIMO layers of each scheduled PDSCH [if  PDCCHs scheduling fully/partially/non-overlapped PDSCHs in time and frequency domain]

5. The maximal number of PDSCH scrambling sequences per serving cell


16-2a, 16-2a-0
Per FSPC
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
Per band
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
Per band
16-2a-3i
Out-of-order operation for UL with same closed loop index
1. Support out-of-order operation for PDCCH to PUSCH with same closed loop index for power control across PUSCHs associated with different CORESETPoolIndex values
16-2a, 16-2a-3
Per band
16-2a-4

HARQ-ACK for multi-DCI based multi-TRP - separate
3. Support of separate HARQ-ACK
4. Supported maximum number of long PUCCHs within a slot for separate HARQ-Ack
16-2a
Per band
Component 2 candidate values: {1, 2}
16-2a-4a

HARQ-ACK for multi-DCI based multi-TRP - joint

2. Support of joint HARQ-ACK 
16-2a
Per band
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, TBD
Per band
16-2a-6

Default QCL enhancement for multi-DCI based multi-TRP

Support of default QCL assumption per CORESETPoolIndex
16-2a, 16-2a-8
Per band
TDD only
FR2 only
16-2a-7

Maximum number of activated TCI states

3. Support of maximum per CORESETPoolIndex (including both data and control)
4. Support of total maximum

FFS whether default values to be included in 16-2a
16-2a
Per band
Component 1 candidate values: {1, 2, 4, 8}
Component 2 candidate values: {same as component 1, twice of component 1}
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
Per band
TDD only
FR2 only




16-2a-10

Value of BD factor
R=[(1,2] for BD/CCE

16-2a
Per BC
Single-DCI based mTRP features

FG 16-2b-1i (newly added row): 
Support of two PTRS ports should be a separate capability. UE should be able to indicate support of SDM scheme without support of two PTRS ports, which is aligned with past agreements.
FG 16-2b-1j (newly added row): 
Support of the new DMRS port {0,2,3} should be a separate capability. This entry is added for support of 1+2 layers. However, this feature is not essential to SDM scheme as rank combination 1+2 can be achieved even with the Rel. 15 DMRS entry {0,1,2} as long as one TCI codepoint is used for (TCI state x, TCI state y) and another for (TCI state y, TCI state x). 

FG 16-2b-3i: 
For FDMSchemeB, the type should be per FSPC. This is because the UE may need to use two recive processing chains to demodulate the two copies at the same time, which is similar to the case of two overlapping PDSCHs in multi-DCI from UE processing point of view. If the type is per FSPC, it can address different UE implementation choices as the UE can indicate in which CC of a band of a band combination this feature is supported.

FG 16-2b-3i (newly added row): 
It is already agreed that support of codeword soft combining is an additional UE capability (in addition to support of FDMSchemeB). 

16-2b-0
Two default beams for single-DCI based multi-TRP
Support of default QCL assumption with two TCI states

N/A

Per band

TDD only

FR2 only

TBD

16-2b-1
Single-DCI based SDM scheme
4. Support of  DCI indication of of 2 TCI states by a codepoint and DMRS ports within two CDM groups
5. 
6. 
, TBD
N/A

Per band

N

TBD

TBD

16-2b-1i
Two PTRS ports
1. Support of two PTRS ports for SDM
16-2b-1
Per band
16-2b-1j
DMRS port {0, 2, 3}
1. Support of DMRS entry {0, 2, 3}
16-2b-1
Per band
16-2b-2
Single-DCI based FDMSchemeA
Support of FDMSchemeA

, TBD
N/A

Per band

N

TBD

TBD

16-2b-3
Single-DCI based FDMSchemeB
3. Support of FDMSchemeB
4. 
, TBD
N/A

 per FSPC
N

TBD

TBD

16-2b-3i

CW soft combining for FDMSchemeB

1. Support of CW soft combining for FDMSchemeB
16-2b-3
Per FSPC
16-2b-4
Single-DCI based TDMSchemeA
3. Support of TDMSchemeA
4. Supported maximum TBS size for TDMSchemeA
, TBD
N/A

Per band

N

TBD

Component 2 candidate values {10 CBs, TBD}

TBD

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

Per band

N

TBD

Component 2 candidate values: {8,16}

Component 3 candidate values {10 CBs, TBD}

TBD

Multi-Beam Features

FG 16-1a-1:

· Similar to CSI-RS as CMR in component 9, prefer to have a new component for max # of SSB across all CCs configured as CMR, i.e. having a separate capability on the combination of SSB as CMR + CSI-RS as IMR. Because this combination is harder for implemention due to different periodicities of CMR and IMR. Because SSB as CMR has fixed periodicity, which can be different from IMR. At each reporting time, UE needs to pair the IMR occasion with the closest SSB occasion as CMR among all stored SSB measurements before the reporting time. There is no issue for CSI-RS as both CMR and IMR, which are expected to have same periodicity, and UE does not need to do this dynamic pairing for every L1-SINR computation.  

· Also, component 5 should be changed as below to match the counterpart in component 1

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) resources (sum of aperiodic/periodic/semi-persistent) across all CCs configured as CMR to measure L1-SINR 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
12. The max number of SSB across all CCs configured as CMR to measure L1-SINR within a slot shall not exceed MB_3
2-21, 2-22 or 2-23, 2-23a
Per band
Optional with capability signaling

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

Component-5 to 8, 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-10: candidate value set: 

{"not supported", "1 only", "3 only", "both 1 and 3"}

Component-11, candidate value set for MD_2 is {0, 1, 4, 8, 16, 32, 64}
Component-12, candidate value set for MB_3 is {0, 4, 8, 16, 32, 64}
FG 16-1b: 
· Remove the “FFS” in both 16-1b and 16-1b-2. 

· Motivation of the FFS

· As background, the simultaneous beam update per CC list feature is motivated by the common UE analog beam. In the initial RAN1 agreement (the one with 2 examples), the wording is “UE is expected to have same QCL-Type D across the CCs if indicating common analog beam for those CCs”. This is not mandated in the spec due to gNB vendors’ preference for flexibility. It is proposed for UE to indicate common beam for a group of bands to recommend gNB to use same Tx beam on them. 

· Use of this FFS in this FG

· This FFS can provide recommendation at least from UE point of view on the choice of CC lists. For example, if UE reports 2 bands sharing same analog beam, then gNB can configure both bands in one CC list, and use one MAC-CE to update this common beam link. If UE reports 2 bands having separate analog beams, then gNB can configure two bands in two CC lists, and use two MAC-CEs to optimize the two beam links independently, since the best beam per band can be different due to different interference and frequency selective fading. The FFS informs gNB that it can exploit the two degrees of freedom at UE. 

· More extensive use of this FFS

· Agree that this FFS can serve as a recommendation for common Tx beam in case of inter-band CA in general, even when simultaneous beam update across CCs is not enabled. If no consensus, it should be in 16-1b to serve this FG, and UE at least has one place to provide this feedback. 

· Both 16-1b and 16-1b-2 should be per UE

· The support of simultaneous beam update across CCs should be per UE, not per band or per BC.

· The FFS in component 2 should also be per UE, e.g. UE can report each group of band indexes sharing same analog beam. 

· Restrict 16-1b and 16-1b-2 only to FR2

· As mentioned before, this feature is originally motivated by the common UE ananlog beam, which only exists in FR2. For FR1, each CC has independent digital beam. Therefore, gNB ideally should use one MAC-CE per CC to optimize each beam per CC. 
16-1b
TCI state activation and spatial relation update
3. Support of Simultaneous TCI state activation across multiple CCs: PDCCH, PDSCH

4. Indicate group of bands which share the same DL spatial filter
Component 1: 2-1, 2-4

N/A
Per UE
No
Yes
FR2 only
FFS
16-1b-2

Spatial relation update across multiple CCs

2. Support of Simultaneous spatial relation update across multiple CCs: AP-SRS, SP-SRS
3. Indicate group of bands which share the same UL spatial filter
Component 1: 2-59, 2-60

N/A

Per UE
No
Yes
FR2 only
FFS

FG 16-1d:
· Remove the “maximum number of”, and restrict this feature to FR2 only

16-1d
MAC CE spatial relation update for AP-SRS
Support of spatial relation update for AP-SRS via MAC CE
2-53, 2-59
N/A
[Per UE]
No
[No]
FR2 only
FFS
FG 16-1e:
· For component 2, remove the “FFS” and select the option for “within a slot across all CCs”, since the time density is most critical to UE. 

16-1e
Pathloss reference RS activation via MAC CE
4. The maximum number of configured pathloss reference RSs for PUSCH/SRS by RRC for MAC-CE based pathloss reference RS update

5. The maximum number of activated pathloss reference RS update for PUSCH/SRS/PUCCH within a slot across all CCs
6. FFS: Number of measurement samples N to apply newly activated pathloss reference RS

8-2, 8-3
N/A
[Per UE]
No
No
FFS
FG 16-1f:
· For component 2, remove “FFS” for PUCCH-BFR, i.e. as a separate capability. Because PUCCH-BFR needs to have additional priority rule when overlapped with normal SRs

· For component 3, remove the “FFS” and select the option for “within a slot across all CCs”, since the time density is most critical to UE.

· For component 4, prefer to remove it, since R15 has no such capability, and the candidate beam should have no difference from R15
16-1f
SCell beam failure recovery
5. The maximum number of SCells [configured] for SCell beam failure recovery [simultaneously]
6. Support of PUCCH-BFR 

7. The maximum number of CSI-RS and/or SSB resources for new beam identification of SCell BFR within a slot across all CCs 
8. 
2-31
N/A
FFS
No
FFS
FG 16-1g:
· For component 1, remove the bracket on “within a slot”, since time density is most critical to UE, and remove bracket on PL RS, BFD RS, and NBI, since total RS time density is the fundamental bottle neck.

· For component 2, same as component 1 but without “within a slot”.

· For other components, they can be removed, since the total limits in component 1 & 2 are sufficient. 
16-1g
Resources for beam management, pathloss measurement, BFD, and BFR
5. The maximum number of SSB/CSI-RS resources within a slot across all CCs for any of L1-RSRP measurement, L1-SINR measurement, pathloss measurement, BFD, and new beam identification
6. 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
7. 
8. 
9. 
N/A
FFS
No
FFS
Low PAPR RS UE features

FG 16-4:

This feature has to be “per band”, as a UE may be able to support it in one band, but not in another band. For example, UE can support this feature in licensed band, but not in unlicensed band. Furthermore, for this feature, “Need of FR1/FR2 differentiation” needs to be set to “YES” because a UE can support this feature in FR1 may not able to support this in FR2. Last but not least, this feature should be optional with capability signaling. 

FG 16-6a, FG 16-6b, and FG 16-6c: 

These three features need to be “per band”, as a UE may be able support Pi/2 BPSK in one band but not in another band. Furthermore, these three features should be optional features with capability signaling, as there is no strong motivation to force all UEs to support them as mandatory features. 

UL full power transmission UE features

FG 16-5a, FG16-5b, and FG 16-5c:

These three features need to be “per FC”, i.e. per band per band combination. A simple example is that, due to UE’s PA, a UE can only support full power on one band. Suppose this UE can support UL CA on two bands. Then depends the band combination is band A+band B, or band A+band C, UE may choose to do full power on different band. For example, for band A+band B, UE may choose to support UL full power on band A. While for band A+band C, UE may choose to support full power on band C. Therefore, these three UE features need to be “per FC”, i.e. per band per band combination.

Furthermore, on 16-5c “UL full power transmission mode 2”, this UE feature needs to be decoupled into two separate UE features and separately signalled. A UE support mode 2 does not necessarily have to support SRS resource configuration with different number of SRS ports and TPMI group reporting on full power at the same time. For example, a UE with a 23dBm and a 20 dBm PA can report support mode 2, while without support SRS resource with different ports. NW can configure this UE operating in mode 2 with 2 SRS resource (with different spatial relations), each with two SRS ports. This UE report it can support full power with precoder [1,0], but not with precoder [0,1]. Like illustrated here, the UE does not have to support different number of SRS ports to support mode 2. Therefore, the capability report for mode 2 and the SRS related configurations should be decoupled. Similarly, a UE support mode 2 does not necessarily have to support TPMI group reporting. For example, a UE with a a 20dBm and a 20 dBm PA can report it supports mode 2, while does not report any TPMI for full power transmission, then NW should understand that the UE can only support full power on a SRS resource with single port. Then NW should configure SRS resources accordingly. In summary, mode 2, SRS configuration with different number of SRS ports, and full power TPMI reports should be decoupled with separate capability signalling. Therefore, it is proposed to decouple 16-5c into two separate features, 16-5c is “UL full power transmission mode 2”, including “Multiple SRS resources in set with different number of ports for full power Tx” as a component. 16-5d “Indication of TPMIs with full power capability”, as listed in the table below, should be a separate UE feature. 16-5c is the prerequisite for 16-5d.

	Fraunhofer IIS, Fraunhofer HHI [17]
	Fraunhofer proposes for FG 16-3a:
· Remove FFS from FG 16-3a issue #4 (CBSR with hard amplitude restriction is a basic component)

· Support of ALT1 for 16-3a-4 (CBSR with soft amplitude restriction). 

	Nokia, Nokia Shanghai Bell [18]
	Nokia has the following observations, comments, and proposals: 
16-1 family

· 16-1a-1: the current list is too detailed, and organization could be improved to make the FG definition more clear. For example, components 4, 5, and 9 are not necessary and they could be removed. Regarding the value ranges for the components, they should not include ‘0’ and ‘not supported’, as per the guidance received by RAN2. Moreover, in Rel-15 minimum mandatory values have been defined for similar components, it should be avoided indicating unnecessary component values to RAN2 this time.

· 16-1a-2: FG is OK. It should be mandatory for a UE supporting 16-1a-1.

· 16-1a-3: FG is OK.

· 16-1c: OK with this FG. Agree that per UE with FR2 differentiation should be fine. No need for adding other pre-requisite FGs.

· 16-1d: The FG description should be for “Support of spatial relation updated for AP-SRS via MAC CE”. Type “Per UE”, with FRx differentiation.

· 16-1e: Component 3 should be removed to be aligned with RAN1 decisions. Component 2 is not needed as it is already part of intrinsic feature operation. Type could be per UE without differentiation.

16-2 family

· 16-2a: 

· Component 3: with current definition FG 16-2a-10 is redundant and should be removed. Alternatively, one could rephrase it to “Support R= 1 for BD/CCE”, without associated capability signalling.
· Component 4: remove brackets and delete “[for FR1]”
· Per band indication
· 16-2a-0: Rename the FG to “Overlapping PDSCHs in time and non-overlapping in frequency”, and replace current description with the following:
· “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”

· Pre-requisites: 16-2a, 16-2a8 (for FR2), 16-2a-1

· 16-2a-1: 

· Delete components 1 and 2

· Remove square brackets from component 3

· Component 4: “Support two PDSCH scrambling sequences per serving cell”

· 16-2a-2: FG is OK

· 16-2a-3: FG is OK

· 16-2a-4: Component 2 is unclear

· 16-2a-4a: FG is OK

· 16-2a-6: FG is OK

· 16-2a-7: 

· Clarify if this means the UE supports the maximum defined in specs or is the intention to indicate supported values
· Remove “FFS whether default values to be included in 16-2a”
· 16-2a-8: Remove “FFS whether default values to be included in 16-2a” as the capability is yes/no indication anyway.

· 16-2a-9: Confirm this FG 

· 16-2a-10: As mentioned before this FG is not really needed, but alternatively it can be rephrased to “Support R= 2 for BD/CCE”. 
16-3 family

· 16-3a:

· Component 1: RAN2 is introducing per band and per BC indication for Rel-15 codebooks in order to address underreporting issues that have been raised in RAN1 during Rel-16 timeframe. Hence, it is natural to follow the same approach for Rel-16 codebooks as well.

· Component 4: no need for this component if the description below is adopted for 16-3a-4, as CBSR with beam restriction specified in 38.214 is not subject to UE capability

· 16-3a-4: Essentially ALT1 is preferred, but the component should be reformulated to say as “support of amplitude subset restriction”.
· 16-3b, component 1: see comment for 16-3a, component 1, above.

16-5 family

· 16-5b: 

· Component 2 is not needed given Rel-15 capability indication already

· Component 3 should be removed as there is no consensus to include it in RAN1. 

· 16-5c: One single FG is enough, but it might be better to wait for RAN2 feedback before making further decisions. Note and component 5 are not necessary.

16-6 family

· 16-6b: FG is OK

Others

· 16-8: The new capability can be defined such that it indicates a certain number of combinations of codebooks and the associated capabilities for each combination. If any new rules on how to interpret the combination of capabilities need to be specified after the definition of the new capability, those should be clearly defined within 38.306 to avoid ambiguities and underreporting issues.


3 Issues for discussion during the preparation phase
Based on the summary in Section 2, the moderator proposes the following email discussions for RAN1 #101-e:

1. Finalize all FGs in the 16-1 family of features
2. Finalize all FGs in the 16-2 family of features

3. Finalize all FGs in the 16-3, 16-7, and 16-8 families  of features

4. Finalize all FGs in the 16-4, 16-5, and 16-6 families of features

Issues to be discussed by each email discussion are derived from the yellow highlighting in [1], the contributions submitted to RAN1 #101-e (summarized and referenced in Section 2), the inputs received in email discussion summary documents prepared by the moderator, as well as issues raised during GTW conference calls during RAN1 #101-e.
For each proposed email discussion, the prioritization of issues is as follows:

· High priority:

· Any change to the number of rows, i.e., deletion of rows, merging of rows, splitting of rows …

· Medium priority:

· Any change to a component that impacts signalling design, e.g., because the component requires candidate values to be signalled incl. {enabled, disabled}

· Any change to the type 

· Any change to xDD/FRx differentiation 

· Any change to whether the gNB needs to know if the feature is supported

· Any change to whether capability exchange between UEs (V2X only) is applicable

· Any change to a note that impacts signalling design, e.g., because a component requires candidate values to be signalled incl. {enabled, disabled} 

· Low priority: 

· Any change to a component that does not impact signalling design

· Any change to a note that does not impact signalling design

· Any change to whether a feature group is mandatory or optional

· Any change to consequences if a feature is not supported by a UE

· Any change to prerequisite feature groups for a feature

Companies are invited to provide their views on the moderator’s proposals in the following table.

	Company
	Comments/Questions/Suggestions

	Samsung
	Our view on remaining issues according to FL’s prioritization is as follows:

MB

· High priority

· Support the number of rows in the current version

· Medium priority

· FG 16-1a-1 
i) support to have separate components for 1Tx and 2Tx CMRs
ii) support to have both component 5 and 8, component 5 is for signaling total # of CMRs and IMRs when L1-SINR is computed by ZP-IMR, while component 8 is for signaling that when L1-SINR is computed by NZP-IMR.
· FG 16-1d: prefer ‘Support of’ spatial relation update for AP-SRS via MAC CE.
· FG 16-1f

i) component 3: suggest to change as 

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] 
The modification is to have consistency with the existing component for SpCell BFR (FG 2-31.)
ii) Remove component 4

· Low priority

· FG 16-1a-1: change component 5 as 

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
· FG 16-1c: add FG 2-20 as a prerequisite

M-TRP

· High priority

· Remove 16-2a-9
· Medium priority

· Type of FG 16-2a, 16-2a-0, 16-2a-1: all should be ‘per FSPC’

· FG 16-2a 
i) Remove component 3 as it exists in agreed FG 16-2a-10

ii) Remove bracket from component 4

· FG 16-2a-0: Remove component 1 which is duplicated with component 4 in FG 16-2a

· FG 16-2a-1: 

i) Component 1 can be moved to FG 16-2a-0

ii) Suggest to remove component 3, accordingly its default value is not needed.

· FG 16-2a-4: Remove bracket from the second component
· Type of 16-2b-1, 16-2b-2, 16-2b-3, 16-2b-4, 16-2b-5: should be per FSPC. Suggest to align the types with multi-DCI capabilities.

· FG 16-2b-5: Remove component 4

· Low priority

· FG 16-2a-10: Change the component as R=[(1,2] for BD/CCE. 
This capability is optional. When not provided, default value is assumed as 1.
MU-CSI

· Medium priority
· FG 16-3a includes #4 basis component - CBSR with hard amplitude restriction

· Support ALT 1 in FG 16-3a-4, i.e. CBSR with soft amplitude restriction

· Reuse parameter Rel.15 amplitudeSubsetRestriction for soft amplitude restriction

· the details of FG 16-8 should be discussed based on the assumption that a mixed codebook type shall not include more than one TypeII codebooks.
FPTx

· High priority

· Split FG 16-5c into two rows with component 6 being a separate row or FG
· Medium priority

· Remove bracket around mode 0 in FG 16-5a

· Remove 2Tx_4Tx from component 2 of FG 16-5b

· Remove 2Tx_4Tx from component 2 of FG 16-5c

· Remove FFS from component 3 of FG 16-5c

· Remove component 4 and 5 of FG 16-5c
LowPAPR

· High priority

· Support the number of rows in the current version

· Low priority

· FGs 16-6a, 16-6b, 16-6c as optional with capability signaling 


4 Conclusion

After further discussion by email on the RAN1 email reflector, the following email discussions/approvals were agreed:

[101-e-NR-eMIMO-UEFeature-01] Email discussion/approval till 5/29 – Ralf (AT&T)

· Finalize all FGs in the 16-1 family of features as in x4285
[101-e-NR-eMIMO-UEFeature-02] Email discussion/approval till 5/29 – Ralf (AT&T)

· Finalize all FGs in the 16-2 family of features as in x4285 

[101-e-NR-eMIMO-UEFeature-03] Email discussion/approval till 5/29 – Ralf (AT&T)

· Finalize all FGs in the 16-3, 16-7, and 16-8 families  of features as in x4285

[101-e-NR-eMIMO-UEFeature-04] Email discussion/approval till 5/29 – Ralf (AT&T)

· Finalize all FGs in the 16-4, 16-5, and 16-6 families of features as in x4285
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