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1 Introduction

This document presents the summary of email discussion/approval [101-e-NR-eMIMO-UEFeature-03] during RAN1 #101-e. According to the Chairman’s Notes:

	[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 


The following was discussed and agreed during RAN1 #101-e within the scope of [101-e-NR-eMIMO-UEFeature-03].
2 Summary of email discussion/approval [101-e-NR-eMIMO-UEFeature-03]
This email discussion/approval aims to finalize all FGs in the 16-3, 16-7, and 16-8 families of features. Open issues are highlighted in yellow [1] and summarized in [2] based on the contributions submitted to RAN1 #101-e. Additional aspects can be raised as part of this email discussion.

Companies are asked to prioritize the following:

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

· 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} 

The following should only be discussed if relevant or necessary in order to finalize aspects with ASN.1 impact: 

· 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

The following tables represent the latest version of the FGs in the 16-3, 16-7, and 16-8 families of features [1]. Companies are invited to provide their views on how to finalize the respective FG in the 16-3, 16-7, and 16-8 families of features in the following tables.

	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


	Company
	Comments/Questions/Suggestions

	Nokia, NSB
	· On the feature type follow same approach as for Rel-15 in order to avoid future underreporting issues.
· 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

	ZTE
	“FFS” in the 4-th component should be removed per previous agreement.

It should at least be per band. To make it per band AND per BC is better.

It’s better to clarify only the 1-st component requires signaling. 

	CATT
	· The type should be per band and per BC to avoid under-reporting problem discussed in past RAN1 meetings.
· Either removing component #4 or just removing ‘FFS:’ is fine, as CBSR with hard amplitude restriction was agreed to be mandatory feature.
· The fields ‘Need of FDD/TDD differentiation’ and ‘Need of FR1/FR2 differentiation’ shall be set to ‘N/A’.

	Apple
	· Similar as FG2-36/40/41/43, it is both per band and per BC, no for xDD and FRx differentiation

· We 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.

	Qualcomm
	The prerequisite FG should be 2-35, similar to other codebooks.

gNB should know this feature is supported or not. If not signaled, UE does not support Regular eType II.

Reporting type should be per band AND per BC, similar to other codebooks so as to avoid underreporting issue.

N/A for FRx differentiation.

	LG
	· 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). 

· The type of this FG needs to be at least ‘per-band’. ‘Per band AND per BC’ is fine.

	OPPO
	It should be per band and per BC

	Vivo
	· Should be per band per BC

· Component 4 can be kept

· N/A for FDD/TDD differentiation and FR1/FR2 differentiation

	Intel
	· Component 4: FFS should be removed.

· ‘Need of FDD/TDD differentiation’, ‘Need of FR1/FR2 differentiation’ should be ‘N/A’.
· FG type should be ‘Per band and per BC’

	Huawei/HiSi
	The granularity of this FG should be per band and per BC to avoid the under-reporting issue in inter-band CA.

	MotM/Lenovo
	· Component 4 can be removed since hard CBSR restriction should not be tied to UE capability

· Support per band per BC 


	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
	
	
	
	
	
	
	
	
	
	


	Company
	Comments/Questions/Suggestions

	ZTE
	It should at least be per band. To make it per band AND per BC is better.

	CATT
	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.

	Apple
	If triplet is reported, we 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.

	Qualcomm
	The prerequisite FG should be 16-3a

gNB should know this feature is supported or not. If not signaled, UE does not support R=2

Reporting type should be per band AND per BC, similar to all other triplet signaling to avoid underreporting issue.

N/A for FRx differentiation.

	LG
	· Prerequisite feature group needs to be ’16-3a’. 
· The type of this FG needs to be at least ‘per-band’. ‘Per band AND per BC’ is fine.

	Vivo
	· 16-3a is prerequisite

· Per band per BC 

	Intel
	FG type should be at least per band. We are also fine with per band and per band combination.

	Huawei/HiSi
	The granularity of this FG should be per band and per BC to avoid the under-reporting issue in inter-band CA.

If this FG is not reported, UE does not support R=2.

	MotM/Lenovo
	· Prerequisite FG should be 16-3a

· Support per band and per BC


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


	Company
	Comments/Questions/Suggestions

	CATT
	This feature group shall be per band reported, and prerequisite of this feature group shall be ’16-3a or 16-3a-1’.

	Apple
	It can be per band

	Qualcomm
	The prerequisite FG should be 16-3a.

gNB should know this feature is supported or not. If not signaled, UE does not support parameter combination 7-8

Reporting type should be per band.

N/A for FRx differentiation.

	LG
	Prerequisite feature group needs to be ’16-3a’ with per band reporting.


	Vivo
	16-3a is prerequisite

Per band 

	Intel
	Prefer per band indication.

	Huawei/HiSi
	The granularity of this FG can be per band.

If this FG is not reported, UE does not support parameter combinations 7-8.

	MotM/Lenovo
	· Prerequisite FG should be 16-3a
· Support per band


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


	Company
	Comments/Questions/Suggestions

	CATT
	This feature group shall be per band reported, and prerequisite of this feature group shall be ’16-3a or 16-3a-1’.

	Apple
	Per band is okay, but it is subject to MIMO layer capability which is per FSPC

	Qualcomm
	The prerequisite FG should be 16-3a.

gNB should know this feature is supported or not. If not signaled, UE does not support rank 3-4

Reporting type should be per band.

N/A for FRx differentiation.

	LG
	Prerequisite feature group needs to be ’16-3a’ with per band reporting.


	vivo
	16-3a is prerequisite

Per band

	Intel
	Prefer per band indication.

	Huawei/HiSi
	The granularity of this FG can be per band.

If this FG is not reported, UE does not support rank 3-4.

	MotM/Lenovo
	· Prerequisite FG should be 16-3a
· Support per band


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

ALT 2) CBSR
	
	
	
	
	
	
	
	
	
	


	Company
	Comments/Questions/Suggestions

	Nokia, NSB
	Essentially ALT1 is preferred, but the component should be reformulated to say as “support of amplitude subset restriction”.

	ZTE
	It should be Alt 1) per previous agreement. 

	CATT
	ALT1 shall be selected per previous agreement.

	Apple
	We are fine with only limit to soft amplitude restriction 

	Qualcomm
	The prerequisite FG should be 16-3a.

gNB should know this feature is supported or not. If not signaled, UE does not support soft amplitude restriction.

Reporting type should be per band.

N/A for FRx differentiation.

	LG
	Support Alt1.

	vivo
	Support alt1 

16-3a is prerequisite

Per band

	Intel
	Support Alt1. Per band or even per UE signaling is enough.

	Huawei/HiSi
	The granularity of this FG can be per band.

It should be Alt.1, The wording of Components can be modified as “Support CBSR with soft amplitude restriction”. 

The candidate value is {yes, no}. In note, the following description should be captured: If no, only CBSR with hard amplitude restriction is supported.

	MotM/Lenovo
	Support Alt1.


	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


	Company
	Comments/Questions/Suggestions

	Nokia, NSB
	· On the feature type follow same approach as for Rel-15 in order to avoid future underreporting issues.

	ZTE
	It should at least be per band. To make it per band AND per BC is better.

It’s better to clarify only the 1-st component requires signaling. 

	CATT
	16-3b shall be reported per band and per BC based the discussion in past RAN1 meetings to resolve under-reporting issue.

	Apple
	· Similar as FG2-36/40/41/43, it is both per band and per BC, no for xDD and FRx differentiation

· We 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.

	Qualcomm
	The prerequisite FG should be 2-35, similar to other codebooks.

gNB should know this feature is supported or not. If not signaled, UE does not support eType II port selection.

Reporting type should be per band AND per BC, similar to other codebooks so as to avoid underreporting issue.

N/A for FRx differentiation.

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

· The type of this FG needs to be ‘per-band’. ‘Per band AND per BC’ is fine.

	OPPO
	It should be per band and per BC

	vivo
	Follow similar principle as regular eType-II

	Intel
	· ‘Need of FDD/TDD differentiation’, ‘Need of FR1/FR2 differentiation’ should be ‘N/A’.
· FG type should be ‘Per band and per BC’

	Huawei/HiSi
	The granularity of this FG should be per band and per BC to avoid the under-reporting issue in inter-band CA.

	MotM/Lenovo
	Support per band and per BC


	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
	
	
	
	
	
	
	
	
	
	


	Company
	Comments/Questions/Suggestions

	ZTE
	It should at least be per band. To make it per band AND per BC is better.

	CATT
	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.
The fields ‘Need of FDD/TDD differentiation’ and ‘Need of FR1/FR2 differentiation’ shall be set to ‘N/A’.

	Apple
	If triplet is reported, we 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.

	Qualcomm
	The prerequisite FG should be 16-3b

gNB should know this feature is supported or not. If not signaled, UE does not support R=2

Reporting type should be per band AND per BC, similar to all other triplet signaling to avoid underreporting issue.

N/A for FRx differentiation.

	LG
	· Prerequisite feature group needs to be ’16-3b’.

· Reporting type would be ‘per band AND per BC’

	vivo
	Follow similar principle as regular eType-II

	Intel
	FG type should be at least per band. We are also fine with per band and per band combination.

	Huawei/HiSi
	The granularity of this FG should be per band and per BC to avoid the under-reporting issue in inter-band CA.

If this FG is not reported, UE does not support R=2.

	MotM/Lenovo
	· Prerequisite FG should be 16-3b
· Support per band and per BC


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


	Company
	Comments/Questions/Suggestions

	CATT
	This feature group shall be per band reported, and prerequisite of this feature group shall be ’16-3b or 16-3b-1’.
The fields ‘Need of FDD/TDD differentiation’ and ‘Need of FR1/FR2 differentiation’ shall be set to ‘N/A’.

	Apple
	Per band is okay, but it is subject to MIMO layer capability which is per FSPC

	Qualcomm
	The prerequisite FG should be 16-3a.

gNB should know this feature is supported or not. If not signaled, UE does not support rank 3-4

Reporting type should be per band.

N/A for FRx differentiation.

	LG
	Prerequisite feature group needs to be ’16-3b’ with per band reporting.

	vivo
	Follow similar principle as regular eType-II

	Intel
	Prefer per band indication.

	Huawei/HiSi
	The granularity of this FG can be per band.

If this FG is not reported, UE does not support rank 3-4.

	MotM/Lenovo
	· Prerequisite FG should be 16-3b
· Support per band


	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]
	
	
	
	
	


	Company
	Comments/Questions/Suggestions

	ZTE
	Per band should suffice. 

	CATT
	The type shall be per band.

The fields ‘Need of FDD/TDD differentiation’ and ‘Need of FR1/FR2 differentiation’ shall be set to ‘N/A’.

	Qualcomm
	The prerequisite FG should be 2-32.

gNB should know this feature is supported or not. If not signaled, the maximum number of configured aperiodic CSI report settings for all codebook types should be based on 2-35.

Reporting type should be per band.

N/A for FRx differentiation.

	LG
	· Prerequisite feature group needs to be ’2-32’.
· Reporting type would be ‘per band’

	Intel
	Per band indication is OK.

	Huawei/HiSi
	The granularity of this FG can be per band.

The candidate values: {1,2,3,4}

	MotM/Lenovo
	· Prerequisite FG should be 2-32
· Support per band


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


	Company
	Comments/Questions/Suggestions

	Nokia, NSB
	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.

	ZTE
	For component design: 

· Report a list of codebook combinations as {codebook 1, codebook 2}.
· For each codebook combination, report a list of {max number of ports per resource, max number of resources, max number of total ports}.
It should at least be per band. To make it per band AND per BC is better.

	Qualcomm
	We think it is better to have a clear solution for all possible combinations, either signaling based (option 1) or rule-based (option 2) or avoid (option 3). So, we suggest to use the following table to ease the discussion.

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 1/2/3

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

Based on the table, for component design, we share similar view as Nokia and ZTE. We may consider the following as starting point for discussion

· Report a list of codebook combinations as {codebook 1, codebook 2}.
· Codebook 1 = {Type I SP, Type I MP}, codebook 2 = {Type II, Type II PS, eType II, eType II PS}
· For each codebook combination, report a list of {max number of ports per resource, max number of resources, max number of total ports}.

· For codebook combinations NOT signaled, we should define rules (option 2) to restrict their concurrent capabilities or avoid their currency. The rule and avoidance should be captured in 38.306 or 38.214.
The prerequisite FG should be 2-35.

gNB should know this feature is supported or not. If not signaled, all the codebook combinations should be subject to the rule specified in in 38.306 or 38.214 or avoided from triggering/configuring concurrently.

Reporting type should be per band and per BC, same as all other codebooks.

N/A for FRx differentiation.

	Intel
	In principle, we agree with ZTE regarding the component design, however in our view two codebooks in a codebook combination is not enough for the network and may lead to reduction of the deployment flexibility in CA scenario and increased UE capability signaling overhead.

In particular, in our view single-panel (SP) TypeI, regular and port selection (PS) TypeII/eTypeII codebooks can be configured together e.g. in FDD/TDD CA. Moreover, such codebook combinations can reduce the UE capability signaling overhead. Since regular and PS TypeII/eTypeII codebooks have similar complexity, codebook combinations {Type I SP, TypeII} and {Type I SP, PS TypeII} may not be needed if codebook combination {Type I SP, TypeII, PS TypeII} is reported.

Hence, we propose to support codebook combinations {Type I SP, Type II, PS Type II} and {Type I SP, eType II, PS eType II} in addition to codebook combinations with 2 codebooks.

	Huawei/HiSi
	It is preferred to support a list of triplets of {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} across supported codebook type simultaneously. And such a list is per BC. In our view, 16-8 does not need to differentiate how supported codebook types are jointly supported simultaneously, e.g. Rel-15 type I + Rel-15 type II or Rel-15 type I +Rel-16 Type II. For each individual codebook type from each release, the UE will report UE capability independently associated each codebook type. In addition, 16-8 will constraint the NW behaviour across all codebook types supported by a UE, due to concerns of signalling overhead in RAN2.

	NTT DOCOMO
	In case, if a set of CB combinations are reported, we suggest identifying typical CB combinations which are of practical relevance. For instance, we see CB combinations {Type I SP, eType II}, {Type I SP, eType II PS} and {Type I SP, Type I MP} are of practical relevance to many NW operators.  
Further, some concurrent codebooks may not be useful for some gNBs, i.e., a gNB only supporting Type I SP (not Type I MP), no use of reporting CB combinations {Type I MP, eType II}, {Type I MP, eType II PS}. Hence, we prefer to inform RAN2 to consider the potential ways to reduce the signalling overhead, e.g. gNB informs UE the supported combination of CBs as part of UECapabilityEnquiry before the UE capability reporting, and UE is not required to report CB combinations which are not supported by the gNB

	MotM/Lenovo
	· Prerequisite FG should be 2-35
· We support ZTE’s framework in principle

· Support per band and per BC 


3 Conclusion

…
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