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1 Introduction

This document presents the summary of email approval [100e-b-NR-UEFeatures-Remaining] following RAN1 #100bis-e (MIMO enhancement aspects only). According to the Chairman’s Notes:
	[100e-b-NR-UEFeatures-Remaining] Email discussion/approval of remaining issues (especially the one identified as low priority items in FL’s summaries) starting no earlier than 4/30 till next meeting – Hiroki (DCM)/Ralf (ATT)


The following was discussed and agreed after RAN1 #100bis-e within the scope of [100e-b-NR-UEFeatures-Remaining] (MIMO enhancement aspects only).
2 Summary of Email Approval [100e-b-NR-UEFeatures-Remaining] — MIMO Enhancement Aspects
RAN1 discussed most FGs for NR MIMO enhancements during RAN1 #100bis-e [4]

 REF _Ref39699076 \r \h 
[5]

 REF _Ref39699078 \r \h 
[6]

 REF _Ref39699080 \r \h 
[7]

 REF _Ref39699081 \r \h 
[8], however, due to lack of time, only FGs 16-1b, 16-1b-2, 16-1b-3, 16-1g, 16-2a-5, 16-2b-0, 16-2b-1, 16-2b-2, 16-2b-3, 16-2b-4, 16-2b-5, 16-3a, 16-3a-1, 16-3a-2, 16-3a-3, 16-3a-4, 16-3b, 16-3b-1, 16-3b-2, 16-5a, 16-6a, 16-6c, 16-7, 16-8 were agreed as baseline, working assumption, starting point for further discussion, or otherwise [3]. That leaves FGs 16-1a-1, 16-1a-2, 16-1a-3, 16-1c, 16-1d, 16-1e, 16-1f, 16-4, 16-5b, 16-6b without agreement (see yellow highlighting in the Appendix copied from [1]

 REF _Ref39700358 \r \h 
[2]). 

The purpose of this email discussion summary document is to collect views on the yellow highlighted FGs that lack a formal agreement, to reach consensus on a baseline for all of them, which can then be agreed as part of the email discussion/approval [100e-b-NR-UEFeatures-Remaining]. RAN1 #101-e can then be used to finalize FFS points in the agreed baselines with the intention to at least conclude on all aspects with ASN.1 impact during RAN1 #101-e. 

Comments can be provided in the tables below. In a second round, based on that company feedback, [100e-b-NR-UEFeatures-Remaining] would strive to reach consensus on a baseline for each FG as basis for RAN1 #101-e. Note that a large number of FFS points per row is acceptable and expected, as the main purpose of this discussion is to agree that the FGs highlighted in yellow will be introduced. Furthermore, if a FG turns out to be too controversial, the moderator may decide to discuss a baseline for said FG during RAN1 #101-e instead. The intention is to agree on baselines without too much discussion using squared brackets and FFS points. The proposed procedure for yellow FGs 16-1a-1, 16-1a-2, 16-1a-3, 16-1c, 16-1d, 16-1e, 16-1f, 16-4, 16-5b, 16-6b is thus similar to what was done for FGs 16-1b, 16-1b-2, 16-1b-3, 16-1g, 16-2a-5, 16-2b-0, 16-2b-1, 16-2b-2, 16-2b-3, 16-2b-4, 16-2b-5, 16-3a, 16-3a-1, 16-3a-2, 16-3a-3, 16-3a-4, 16-3b, 16-3b-1, 16-3b-2, 16-5a, 16-6a, 16-6c, 16-7, 16-8 during RAN1 #100bis-e.
	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 signalling

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}


	Company
	Comments/Questions/Suggestions

	LG Electronics
	Fine with having this FG. Several modification seems needed.

· 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 to us on the necessity of component 4 and 8. We suggest putting FFS on these components for further discussion in RAN1#101-e.
· 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

	ZTE
	1. Firstly, the motivation of distinguishing 1-Tx CSI-RS and 2-Tx CSI-RS is unclear, considering that we also have the component “10. Supported density of CSI-RS (CMR)”.

2. Secondly, we only need to consider the maximum number of either CMR or IMR, separately, or consider the maximum number of CMR+IMR, e.g.,  4/5 vs1/2/3. We don’t need both of them.

Consequently, we have the following updates for components.

Proposed changes for components:
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



	Intel
	We are not sure whether so many components are needed. We therefore propose to have other structure:

1. Type of L1-SINR measurements with candidate values TBD, e.g. {L1-SINR based on dedicated IMR, L1-SINR without dedicated IMR, etc.}

2. The number of configured resources for CMR and IMR across CCs

· The number of configured SS/PBCH resources 

· The number of configured NZP CSI-RS resources for CMR

· The number of configured NZP CSI-RS resources for IMR

· The number of configured CSI-IM resource for IMR

3. The number of configured resources for CMR within a slot

· The number of configured SS/PBCH resources 

· The number of configured NZP CSI-RS resources for CMR

· The number of configured NZP CSI-RS / CSI-IM resources for IMR



	Apple
	Similar as FG2-24, this FG can be
· Per band
· No TDD/FDD differentiation

· Yes FR1/FR2 differentiation

The component design needs 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

· The same processing power or memory can be potentially shared, partially or fully, between (1) CMR/ZP-IMR/NZP-IMR (2) CCs (3) Bands

	Ericsson
	The list of subcomponents is too long – simply copying the list from RSRP and adding new components would lead to complications in the capability checking in the gNB. Furthermore, the understanding on UE complexity has grown since the R15 list was assembled. We propose to start from more high-level structure:

The RS-related feature group will 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, we note 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 we propose to only have a capability that states the sum of configured resources for CMR and IMR.

A similar argument applies to the “configured” capability. As this is related to the memory consumption in the UE, there seems to be little point in distinguishing between different types of resources. The memory consumption related to the different types of resources would seem to be similar. In fact, the memory consumption for NZP-CSI-RS is identical if it is used as CMR or IMR. There may be a slight difference in memory consumption between SSB, NZP-CSI-RS and ZP-CSI-RS. 

1. The number of configured resources for CMR and IMR per slot across CCs 
2. The number of configured resources for CMR and IMR across CCs

· The number of configured SS/PBCH resources 

· The number of configured NZP CSI-RS resources for CMR and IMR
· The number of configured CSI-IM resource for IMR
We would like to understand the need for a higher level of detail than this.

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

One final note is that a capability that states “per slot across CCs” is ambiguous, since the slot boundaries may be different on the different CCs. We propose to clarify this to mean “per the shortest slot across CCs”

	Huawei, HiSilicon
	1) With regard to “across all CCs…within a slot”, we propose to remove the comp-1/2/3/4/9 and prefer to support the comp-1 in FG 16-1g. To limit the total number of RSs for different purposes across all CCs within a slot will not only help exploiting full potential at UE side but also improve planning flexibility at NW side as we mentioned previously.

2) As for “across all CCs”, we support to report the comp-5/6/7/8 in FG 16-1a-1 in a separated manner. That would enable gNB to schedule flexibly with the restriction of FG 16-1g. 
3) The type of “per BC” is preferred to limit UE implementation complexity.

	Qualcomm
	Similar to CSI-RS as CMR in component 9, we prefer to have a new component for max # of SSB across all CCs configured as CMR, since SSB may also appear in each CC
12. The max number of SSB across all CCs configured as CMR to measure L1-SINR within a slot shall not exceed MB_3
Otherwise, we may prefer Intel’s version, which has separate limit on configured SSB

	OPPO
	Add the following components:

· Support L1-SINR measurement without dedicated IMR: Values are 0 or 1.

· Support L1-SINR measurement with dedicated CSI-IM Values are 0 or 1.

· Support L1-SINR measurement with dedicated NZP IMR. Values are 0 or 1.

Existing component:

· Supported density and port of CSI-RS (CMR)


	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-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}


	Company
	Comments/Questions/Suggestions

	LG Electronics
	Fine with current FG

	ZTE
	16-1a-2 is independent from 16-1a-1, or 16-1a-1 depends on 16-1a-2. 

Then, 16-1a-2 should be considered as mandatory with capability signaling, like L1-RSRP reporting.

	Intel
	OK. Set default value as 1 for UE supporting 16-1a-1.

	Apple
	Okay, similar as FG2-29

	Ericsson
	Fine with current FG. Put pre-requisite FG in brackets. No need for FDD/TDD differentiation. No need for FR1/FR2 differentiation.

	Huawei, HiSilicon
	Support. 

	Qualcomm
	We are fine for this FG

	OPPO
	Ok


	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-3
	Group based L1-SINR reporting
	1. Support of group based L1-SINR reporting
	16-1a-1
	
	
	
	Per band
	
	
	
	
	Optional with capability signalling


	Company
	Comments/Questions/Suggestions

	LG Electronics
	Fine with current FG

	ZTE
	Support.

	Intel
	OK

	Apple
	Okay, similar as FG2-29a

	Ericsson
	Fine with current FG. No need for FDD/TDD differentiation. No need for FR1/FR2 differentiation.

	Huawei, HiSilicon
	Support.

	Qualcomm
	We are fine for the FG

	OPPO
	Ok


	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

	
	16-1c
	Default spatial relation
	Support of default spatial relation and pathloss reference RS for dedicated-PUCCH/SRS and PUSCH scheduled by DCI format 0_0
	2-53, 2-59
	
	N/A
	
	TBD

[Per band]
	N
	Y
	
	
	TBD


	Company
	Comments/Questions/Suggestions

	LG Electronics
	Fine with this FG. One more prerequisite seems needed, i.e. component 1 of 2-20 is set to ‘1’ because this feature was agreed for the Ues supporting beam correspondence. If this is controversial, we suggest putting this in square brackets for now in order to discuss this in RAN1#101-e.

	ZTE
	Support with the following modification. “DCI format 0_0” should be removed considering the on-going discussion for PUSCH scheduled by other DCI format, e.g., 0_1.

Proposed changes for components:
Support of default spatial relation and pathloss reference RS for dedicated-PUCCH/SRS and PUSCH scheduled by DCI format 0_0

	Intel
	OK. The feature should be per UE and only applicable to FR2. It should be also optional with capability signaling. 

	Apple
	Okay. On minor note, for FDD, the beam correspondence is questionable, therefore default spatial relation design is also questionable, Therefore, we prefer to have TDD/FDD differention and it is per band optional capability. We also know that current FR2 bands are all TDD

	Ericsson
	Fine with this FG. Type should be per UE and only applicable to FR2. It should be also optional with capability signaling.

	Huawei, HiSilicon
	Support the type of “per UE”. No necessary to report per band as it is only to enable/unable sub-feature

	Qualcomm
	We are fine for the FG, except it is only applicable to FR2

	OPPO
	It shall be per band, and Optional. 


	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

	
	16-1d
	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
	
	TBD

[Per UE]
	N
	N
	
	
	TBD


	Company
	Comments/Questions/Suggestions

	LG Electronics
	Fine with the FG. 

	ZTE
	Support with the following modification.

Proposed changes for components:
[Support of / The maximum number of] spatial relation update for AP-SRS via MAC CE

	Intel
	We prefer to define this FG as “Support of spatial relation update for AP-SRS via MAC CE”. The feature should be per UE and only applicable to FR2. It should be also optional with capability signaling.

	Apple
	Okay, the “maximum number” in the component is unclear for us. 

	Ericsson
	Fine with the FG. The FG should be “Support of”. Type should be “Per UE” – remove TBD and brackets. Spatial relations are only for FR2 – so need for FR1/FR2 differentiation should be Y. It should be also optional with capability signaling.

	Huawei, HiSilicon
	Support the type of “per UE. 

	Qualcomm
	Prefer to remove “the max # of” in bracket. It is also only applicable to FR2. 

	OPPO
	Suggest to delete “the maximum number”


	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

	
	16-1e
	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
	
	TBD

[Per UE]
	N
	N
	
	
	TBD


	Company
	Comments/Questions/Suggestions

	LG Electronics
	Fine with the FG but we believe that component 2 and 3 should be deleted. 

· Component 2 is not needed because spec already defines a fixed number, which is 4, as the maximum number of activated PL RSs since Rel-15. 
· Component 3 needs to be removed because it was agreed not to handle this issue in RAN1 during RAN1#100bis-e meeting.

	ZTE
	Support with the following modification. In our views, Rel-15 has specified that up to 4 pathloss RS per CC is supported, which is sufficient. No more discussion is needed for the following two FFS parts. 

Proposed changes for components:
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

	Intel
	No need for the components 2 and 3. The feature should be per UE and optional with capability signaling

	Apple
	Okay, for component 3, given the latest agreement in RAN1#100bis, this component can be removed 

	Ericsson
	Fine with the FG. No need for components 2 and 3. The feature should be per UE and optional with capability signaling.

	Huawei, HiSilicon
	Remove comp-2 and prefer to include “activated PL-RS with a slot across all CCs ” in comp-1 in FG 16-1g

	Qualcomm
	Fine with Component 1. For FFS in Component 2, it would be good to keep it. The current spec only mentions up to 4 maintained PL RS for each serving cell. It is unclear how the total maintained PL RS # is defined in case of CA, since the same PL RS configured on SPCell can be maintained for UL PC in multiple SCells. For Component 3, it is ok to remove it. 

	OPPO
	OK with the FG
Regarding component 2:  it is preferred to keep it and the candidate value can be 1,2,4.


	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

	
	16-1f
	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
	
	TBD
	N
	
	
	
	TBD


	Company
	Comments/Questions/Suggestions

	LG Electronics
	Fine with the FG but we believe that at least component 2 and 4 should be deleted. 

· Component 2: As explained in R1-2002161, component 2 should be removed considering further spec impacts. In addition, from UE perspective, PUCCH-BFR is same as normal PUCCH-SR so no additional complexity exists except for the prioritization between LLR and SR. UCI/channel prioritization rules always exist but without any UE capability defined so it does not make sense to create this UE capability. 
· 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. 
· Component 3: If component 1 of 16-1g includes all RSRP related measurements, this component may not be needed anymore but we are fine to discuss this further in RAN1#101-e. 

	ZTE
	  Support with the following modification for components.

· The support of PUCCH-BFR shall be mandatory with capability signaling for FR2 and optional for FR1 (as we did for Pcell-BFR), in order to guarantee the effectiveness/low-latency of Scell-BFR. 

· Regarding the last FFS, we only need to reuse Rel-15 UE capability.

Proposed changes for components:
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

	Intel
	For feature 2, FFS can be removed; For feature 3, FFS can be removed, and the resource indication should be within a slot per CC. We do not see the need for feature 4. For this FG, FR1/FR2 can be decoupled and the FG should be Optional with capability signaling.

	Apple
	Component 1: We need some clarification 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: within a slot per band

	Ericsson
	Fine with the FG. Agree with LG on components 2, 3 and 4: PUCCH-BFR should be a mandatory part of SCell BFR, with little additional UE complexity, component 3 may be included in 16-1g, and regarding 4 we should align with SpCell beam failure detection.

	Huawei, HiSilicon
	Remove comp-3 and prefer to include “NBI-RS with a slot across all CCs ” in comp-1 in FG 16-1g

	Qualcomm
	For Component 2, support to remove “FFS”, since PUCCH-BFR needs additional prioritization rule when overlapped with normal SRs. 

For Component 3, support to remove “FFS”, and choose the option of “within a slot across all CCs” in the bracket, which is most critical to UE complexity

For Component 4, it can be removed to be consistent with R15 

	OPPO
	Component 1:  suggest to change it to “The maximum number of Scells configured for Scell beam failure recovery simultaneously”

Component 3:  remove the “FFS” and take the “within a slot cross all CCs”

Component 4: remove the FFS.


	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

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


	Company
	Comments/Questions/Suggestions

	LG Electronics
	We are fine with current FG. And, we think that this FG should be optional.

	ZTE
	Agree this FG.   

This feature should be optional with capability signaling.

	Intel
	FG should be optional with capability signaling

	Apple
	This FG should be optional 

	Ericsson
	The FG is fine but the FG needs to be mandatory with capability signaling. The reason is that the reason this feature was added was to fix a fundamental flaw in the DMRS design of Rel.15. Hence, RAN1 agreed that this needs to be fixed in Rel.16 and we now have a solution. It is critical for NR operation and thus needs to be mandatory. Note that this FG is thereby different what we normally add in a release, this is not an “enhancement” or add-on, it is a critical correction.  

	Huawei, HiSilicon
	The capability should be “per Band”, but not for per UE. We need to leave UE more flexible to implement the feature in different band. 

	QC
	We disagree this FG being per UE. It should be per band, because we need to separate capabilities between different band.

We agree that this FG should be optional with capability signaling.

	OPPO
	Support this FG, which should be optional with capability signaling


	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

	
	16-5b
	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. FFS: 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
	N
	N
	
	
	TBD


	Company
	Comments/Questions/Suggestions

	LG Electronics
	Fine with the FG but we think that the new UL codebook set is clear for Mode 1 operation. Thus, component 3 should be removed.

	ZTE
	Support with the following modification for components. 

· It is because that we do not see a strong motivation for indicating the number of Tx ports to support mode1, which is not dynamically indicated like mode 2. Also we fail to see the technical motivation that a UE only can support some partial additional TPMIs (e.g., for 4Tx), but not support other additional TPMIs (e.g., for 2Tx). It does not make sense that the extension of codebook is only applied to a specific number of Tx. The last FFS seems to be redundant due to the same reason above. In summary, all the new UL codebook sets should be supported if mode 1 is supported.

Proposed changes for components:

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

3. FFS: New UL codebook set(s) per supported Tx

	Intel
	Component 2 is not necessary. In Rel-15, we already have the UE capability indicating the number of SRS antenna ports.

Component 3 is redundant. There is no need to introduce UE capability on this for Mode 1 UE.

	Apple
	We need to cover the downgrade configuration possibility including {4 port non-coherent, 4 port partial-coherent, 2 port non-coherent}, therefore, component 2 seems to be needed

	Ericsson
	Components 1 and 2 are OK.

Agree component 3 should be removed.  Whether additional codebook sets are needed for Mode 1 has been sufficiently discussed during the course of the work item.

	Huawei, HiSilicon
	Remove {2Tx_4Tx}  in the second component, there is no virtualization in Mode-1.

Remove “New UL codebook set(s) per supported mode per supported Tx”, introducing new codebook subset is useless as well since there is only one codebook subset for Mode-1

	QC
	First, we think this FG should be per FS. And it should be an optional with capability signaling. 

We think the component 2 is needed as a 4 Tx UE may not able to support mode 1 with 4 Tx ports. But it may be able to support mode 1 with 2 Tx ports. 

We don’t think the component 3 is needed. 

	OPPO
	Support Component 1 for this FG.  Component 2 and 3 are not needed. 

If  a UE support Mode 1 for 4-port transmission, there are no strong motivation not to support Mode 1 for 2-port transmission. Thus Component 2 is not needed.
New UL codebook is defined by spec. Thus Component 3 is not needed.


	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

	
	16-6b
	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


	Company
	Comments/Questions/Suggestions

	LG Electronics
	We are fine with current FG. And, we think that this FG should be optional.

	ZTE
	Agree this FG.   This feature should be optional with capability signaling, per band.

One minor update for the components description is:
For PUCCH format 3 and/or PUCCH format 4 with transform precoding and with pi/2 BPSK modulation


	Intel
	Component should be revised to “For PUCCH format 3 and PUCCH format 4, if capable, with transform precoding and with pi/2 BPSK modulation” to ensure that there is no ambiguity about support of FG for both PF3 and PF4 when the UE is capable of supporting PF4. The FG should be “Per Band” and “Optional with capability signaling”

	Apple
	This FG is optional. The prerequisite is FG1-7, 4-4, 4-5, 

	Ericsson
	We are fine with current FG and since this is an enhancement that relies on that the UE implementation to benefit from the PAPR reduction, this FG need not be mandated by all UEs and could be optional, per band.

	Huawei, HiSilicon
	The UE feature should be “per Band”, leave UE flexible to implement on different band.

	QC
	This FG should be per band. And it should be optional with capability signaling.

	OPPO
	Support the FG

This FG should be optional with capability signaling. 


3 Conclusions

After further discussion on the RAN1 email reflector, the following agreement was endorsed for MIMO enhancement aspects during [100e-b-NR-UEFeatures-Remaining].

Agreement: The following table is the baseline for RAN1 #101-e
	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
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5 Appendix

	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
	12. 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

13. 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

14. 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

15. 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

16. 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

17. 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

18. 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

19. 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

20. 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

21. Supported density of CSI-RS (CMR)

22. 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

1. 
	2-21, 2-22 or 2-23, 2-23a
	
	
	
	Per band
	
	
	
	
	Optional with capability signalling

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

Component-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
	2. 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
	3. Support of group based L1-SINR reporting
	16-1a-1
	
	
	
	Per band
	
	
	
	
	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
	
	TBD

[Per BC or per band]
	N
	Y
	
	
	TBD

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


	
	N/A
	
	TBD

[Per BC or per band]
	N
	Y
	
	
	TBD

	
	16-1b-3
	Spatial relation update for PUCCH group
	2. Support of PUCCH resource groups per BWP for simultaneous spatial relation update
	2-53, 2-59, 4-24
	
	N/A
	
	TBD

[Per BC or per band]
	N
	Y
	
	
	TBD

	
	16-1c
	Default spatial relation
	Support of default spatial relation and pathloss reference RS for dedicated-PUCCH/SRS and PUSCH scheduled by DCI format 0_0
	2-53, 2-59
	
	N/A
	
	TBD

[Per band]
	N
	Y
	
	
	TBD

	
	16-1d
	MAC CE spatial relation update for AP-SRS
	[Support of / The maximum number of] spatial relation update for AP-SRS via MAC CE
	2-53, 2-59
	
	N/A
	
	TBD

[Per UE]
	N
	N
	
	
	TBD

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

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

[Per UE]
	N
	N
	
	
	TBD

	
	16-1f
	SCell beam failure recovery
	5. The maximum number of SCells for SCell beam failure recovery  

6. FFS: Support of PUCCH-BFR 

7. 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] 

8. FFS: Density of CSI-RS for new beam identification for SCell BFR 
	2-31
	
	N/A
	
	TBD
	N
	
	
	
	TBD

	
	16-1g
	Resources for beam management, [pathloss measurement, BFD, and BFR]
	5. 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]
6. FFS: The maximum number of SSB/CSI-RS resources within a slot across all CCs for pathloss measurement

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

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

	
	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. The value of R=[1,2] for BD/CCE
8. [Support fully/partially overlapping PDSCHs in time and non-overlapping in frequency] [for FR1]

FFS whether default value of R is needed
	TBD
	
	N/A
	
	TBD [per band / per FSPC]
	N
	TBD
	
	
	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? Merge with 16-2a-8?] [FR2 only?]
	
	
	
	
	
	
	
	
	
	

	
	16-2a-1
	Simultaneous reception of Multiple PDSCHs overlapping in frequency
	5. Support fully overlapping PDSCHs at frequency and partially/fully overlapping at time

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

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. 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
	3. Support of separate HARQ-ACK
4. [Support of two TDMed long PUCCHs in a slot]
	
	
	
	
	
	
	
	
	
	

	
	16-2a-4a
	HARQ-ACK for multi-DCI based multi-TRP - joint
	2. 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
	3. Support of maximum per CORESETPoolIndex

4. 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
	
	
	TBD

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

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

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


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

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

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

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

	16-2b, 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)
	16-2b, TBD
	
	N/A
	
	Per band
	N
	TBD
	
	Component 1 candidate values: {8,16}

Component 2 candidate values {10 CBs, TBD}


	TBD

	
	16-3a
	Regular eType-II
	Basic components:

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

6. Support of parameter combinations  1-6

7. Support of rank 1,2
8. 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:

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

5. 6 parameter combinations (combos with L=6 don’t apply) 

6. 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
	
	
	
	
	
	
	
	
	
	

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

	
	16-5a
	UL full power transmission [mode 0]
	2. Supported UL full power transmission [mode 0]
	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
	4. Supported UL full power transmission mode 1
5. Number of Tx to support mode 1: {2Tx, 4Tx, 2Tx_4Tx}

6. FFS: 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
	N
	N
	
	
	TBD

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

9. 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.

10. FFS: Number of ports per SRS resource

11. FFS: Maximum number of different spatial relation info for all SRS resources for usage set to ‘codebook’ in a resource set

12. TPMI group which delivers full power. FFS on details for supported number of Tx.

Note: UE indicating mode 2 shall support full power transmission for 1 antenna port]
	2-13, 2-14
	
	N/A
	
	FFS: Per FS or Per band or Per band per BC
	N
	N
	
	
	TBD

	
	16-6a
	Low PAPR DMRS for PUSCH without transform precoding
	2. 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

	
	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
	
	
	
	
	
	
	
	
	
	


